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To Dr. Tadayoshi Ichihara

This volume is dedicated to Dr. Ichihara, whose death on
i December 16, 1981 shocked and saddened the participants of
g the North Pacific Aquaculture Symposium. He was a
respected scientist, a prolific writer, and will be missed by
all his close friends within the scientific communities of
Canada, the Soviet Union, the United States, and Japan.

Throughout his professional career, Dr. Ichihara was in-
volved with international problems and research on fish and
mammals within the waters around Japan and the North
Pacific. His areas of interest included: research on whales
and fur seals; tagging and tracking chinook salmon; and par-
ticularly the use of biotelemetry to study the behavior of fish
¢ such as kokanee, yellowtail, sea bream, chum salmon, and
skipjack.

Dr. Ichihara’s first appointment was to the scientific staff of the Whaies Research Institute.
After receiving his doctorate from the University of Tokyo, he joined the Tokai Regional
Fisheries Laboratory and the Far Seas Fisheries Laboratory, and at his death, was professor
of behavioral ecology of marine mammals on the Tokai University faculty of marine science
and technology.

Dr. Ichihara was instrumental in formulating the four nation aquaculture symposia, in-
cluding the North Pacific Aquaculture Symposium. The next in the series, now scheduled for
1983, will be hosted by Tokai University. Dr. Ichihara had been named to head its Japanese
delegation.

[t is an honor to dedicate these proceedings to the memory of Dr. Ichihara for his record as
a scientist and his role in the formation of these symposia.







Preface

During the Eighth Soviet-Japanese Symposium on Aquaculture and Raising the Biological
Productivity of the World Ocean (Kiev, September 1979), scientists from Canada, japan,
U.S.S.R. and the U.S.A. agreed to the concept of a four nation scientific exchange in the field
of aquaculture. The University of Alaska in cooperation with Oregon State University and
the University of Washington hosted this scientific exchange.

Because of the importance of aquaculture to the Pacific Northwest, the planners of the
Symposium decided to hold the meeting in both Alaska and Oregon. It was hoped this would
allow more of the scientists from each region to participate in the scientific exchange and to
interact with the scientists of the foreign delegations.






Introduction

The North Pacific Aquaculture Symposium was held 18 to 29 August 1880 beginning in
Anchorage, Alaska, proceeding through Washington and Oregon and concluding in Seattle,

Washington.

The official delegations were composed of the following members:

US.S.R,

Galena Aniskina

Dr. V. L. Kostarev (head)
Dr. Felix N. Roukhlov
Dr. V. P. Tumanov

Japan

Dr. Tadayoshi Ichihara
Dr. Mitsuo Iwashita (head)
Dr. Munehico Iwata

Dr. Tadashi Kubota

Dr. Katsuyoshi Mori

Dr. Sigeru Matoda

Dr. Yuji Nishihama
Nobuo Tokumatsu

Dr. Takimo Tsujita

Dr. Yasuo Yone

Canada

Dr. Don Alderdice

Dr. Craig Clarke

Terry Gjernes

Dr. Michael C. Healey

Ted Perry

Dr. F. K. Sandercock (head)

U.S5.A.

Clinton E. Atkinson (head)
Dr. Willard E. Barber
Milo Bell

Dr. Walton W. Dickhoff
Dr. Lauren R. Donaldson
Philip Downey

Kurt L. Fresh

Dr. John L. Fryer

John B. Glude

Dr. Roger S. Grischkowsky
Dr. John H. Helle

Dr. William K. Hershberger
Dr. Bernard M. Kepshire
|. P. Koenings

Dr. Kenneth Leon

Dr. Tsuneo Nishiyama

Dr. Donald E. Rogers

Dr. Charles A. Simenstad
Stacia A. Sower

Dr. Gary A. Wedemeyer
Dr. John W. Zahradnik

The technical sessions were structured to include areas of interest to all four participating
countries. In addition to the scientific presentations, a number of field trips were made to
personally acquaint the foreign delegations with the work being carried out in various hatch-
eries. Since the symposium traveled from state to state, it aiso allowed time to see some spec-
tacular scenery and learn a little about our way of life.

Members of the Symposium Committee were:

Symposium Chairman
Program Chairman

Facilities & Arrangements
Field Trips

Steering Committee Chairman

Donald H. Rosenberg
Richard A. Nevé
Brenda R, Melteff
Raymond S. Hadley
Clinton E. Atkinson



The overall structure of the symposium was developed by a steering committee whase
members were:

Dr. Vera Alexander, Director
Institute of Marine Science
University of Alaska

Dr. Donald F. Amend, Director of Research
Tavolek Inc.

Mr. Ed Cummings
Oregon Department of Fish and Wildlife

Dr. William Heard, Director
Aquaculture Program
National Marine Fisheries Service

Mr. Armin Koernig, President
Prince William Sound Aquaculture Corporation

Dr. William McNeil, General Manager
Oregon Aqua-Foods, Inc.

Mr. Charles Meacham, Director
International Fisheries and External Alfairs
Office of the Governor

Dr. Roy Nakatani
Washington Sea Granl Program
University of Washington

Mr. Robert S. Roys, Director

Fisheries Rehabilitation, Enhancement and
Development Division

Alaska Department of Fish and Game

Mr. Robert R. Simpson
National Marine Fisheries Service

Mr. William Q. Wick, Director
Sea Grant College Program
Oregon State University

Mr. Einar Wald, Director
Columbia River Fishery Development Program

Dr. Peter Bergman, Assistant Director
Washington State Department of Fisheries
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Delegation from Japan



Delegation from Canada

10



sayelg pauu] ay) woay uonedspag

11



12



Welcome

Jay Barton
President
University of Alaska

[ am most pleased on behalf of the University of Alaska to welcome you to the North
Pacific Aquaculture Symposium. We are honored by the participation of scientific delega-
tions from Japan, Russia and Canada. _

The problems of aquaculture with which you will al be dealing during the coming week
are of greatest importance, not just to Alaska but ta the world. The needs of the people of the
world for high quality protein continue to increase. Our responsibilities as scientists,
academicians, fishermen and citizens to protect our marine food resources by aquaculture
and by management increase at a parallel rate. We are especially optimistic that we can
move beyond the hunting and foraging and the ranching stage to a true intensive
aguaculture. Farming the sez is possible but still in its infancy.

The University of Alaska is committed to a major development effort in cooperation with
the fishing industry, with the State of Alaska and with the Federal Government to do just
that. We hope that our fisheries program can provide the research studies, the education and
development of people, the development of technology and of management strategies and
especially with our marine advisory service, to bring all of this knowledge to the industry
itself.

It is important to note that one of Alaska's great pioneers in fisheries understood cleariy
the complex relationships of biology, oceanography, processing technology, marketing
development, management and entrepreneurship, etc., all necessary to make the whole
systemn go. He understood how in the true land-grant or sea-grant concept a university puts
together research and instruction to the service of the people. The pioneer of whom I am
speaking is Lowell Wakefield who was responsible for the development of the king crab
industry in Alaska. We might note that during his lifetime Lowell was named a Distinguished
Associate in the University of Alaska Sea Grant Program. Lowell’s wife participated in many
of his activities. She is with us today. I'd like to welcome Mrs. Frankie Wakefield.

You will note that the symposium is sponsored by the Alaska Sea Grant Program, the
Pacific Sea Grant Advisory Program, the Washington Sea Grant College Program and the
Oregon Sea Grant College Program. Professor Donaldson has informed us that on his motion
the Secretary’s Advisory Committee has voted to elevate the University of Alaska’s program
to College status.

On behalf of the University of Alaska and the Alaska Sea Grant College Program 1 wish you
all success in your deliberations and in your investigations. Good luck.
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Proc. No. Pac. Aquaculture Symp.,
Apg. 1980, Anchorage, Alaska

Keynote Address
The Past, Present and Future of Aquaculture

Lauren R, Donaldson

{Professor Emeritus of Fisheries, College of Fisheries, University of Washington, Seattle, Washington)

It is indeed a great personal pleasure for me to address the opening session of the North
Pacific Aquacniture Symposium with scientists from Canada, Japan, U.5.5.R. and the United
States in attendance. Those of us who were privileged to have attended the very productive
International Meeting on Pacific Salmon held in South Sakhalinsk, U.S8.S.R. 1 to 18 October
1978, are very happy to again be with our colleagues from overseas and look forward to a
continuation of the information exchange they so effectively initiated.

This international gathering of aquaculturists, here in the State of Alaska and then moving
on to Washington and Oregon, represents the culmination of the plans, efforts, and hopes of
many dedicated people and the cooperative input of the University of Alaska, Oregon State
University, and the University of Washington.

This Symposium, supported by the National Sea Grant Programs of the three sponsoring
universities, marks another milestone in the emerging world interest in aquaculture. In 1868,
the U.S. Congress passed the Land Grant Act that has supported, through Land Grant Col-
leges, much of the agricultural development in education and research in the United States.
This program has been so successful with agriculture in the U.S. that we are the best fed peo-
ple in the world.

Two hundred years ago almost 100 percent of the peaple in the United States were engaged
in farming. Even the small percentage of the population not completely involved in food pro-
duction and associated activities were partially self-sufficient, for they had a big garden,
some chickens, and often a family cow. By 1935, the number of farmers in the total popula-
tion had fallen to 25.3 percent of the total. By 1975, 40 years later, a time span many of us in
this room have direct knowledge of, the United States farm population had fallen to 4.1 per-
cent of the total population. In other words, 25.9 percent of the people are dependent upon
these few for the food we eat.

One hundred years after the Land Grant Act, the U.S. Congress passed the Sea Grant Act.
The original Sea Grant College Act of 1968 was modified in 1976 with enabling legislation:
“to increase the understanding, assessment, development, utilization and conservation of
the nation’s ocean and coastal resources by providing assistance to promote a strong educa-
tional base, responsive research and training activities and broad and prompt dissemination
of knowledge and technigques.”

Support for aquaculture research is one of the mandates of the Sea Grant College Program.
It is hoped that with the passage of time and a broad international effort, the farming of the
sea will become a reality.
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A moment ago | used the term “farmers.” | am well aware there are differences in the
names applied to increasing our supplies of food from the sea. We do, however, have one
thing in common—we farm fish in the broadest sense, and we are here because we do not
have enough fish. The role of the fisherman to harvest from the “wild” stocks no longer pro-
vides for the needs of the expanding population.

When 1 entered the field of fisheries as a profession over 50 years ago, we were lulled into
thinking the ocean was vast and held inexhaustible resources. We all know how misleading
that concept turned out to be. A few of us, interested in increasing our supply of some of the
more valuable fishes by “farming” them, were often held up for ridicule as being dreamers
relegated to the outer fringes of public acceptance.

It is a big thrill now to be able to review some of the highlights of the past 50 years and to
point with pride to some of the accomplishments. We fish farmers have at long last evalved
into fitting Webster's definition—to farm—*“to engage in the business of raising crops or
Hvestock.” The only difference is that our “field” is the North Pacific Ocean. I'm sure we will
have many interesting experiences during the next few years as members of this Symposium
“show and tell" about their programs.

Before we get complsetely enmeshed in the great diversity of subjects listed for the present
Symposium, it might be well to again repeat the words of a very wise man who said, “To ig-
nore history is to be condemned to repeat it.”

In his delightful, informative book, Aquaculture in Southeast Asia, Dr. Shao-Wen Ling
describes the history of aquaculture from its early beginnings, some 4,000 years ago to the
present. He makes the summary observation that traditional practices had been sufficient to
satisfy the needs of a simple, rural-agrarian mode of life; but in this day of technology they
are not good enough, Change is necessary, but how much, and how fast?

To many of us, commercial oyster culture has always been the epitome in marine
aquaculture. Tidelands could be purchased or leased and managed just as the land farm, and
the food of the oysters is available in the big pasture. Historically, seed for the oyster farms
was dependent upon natural spawn that settled on the beds or was purchased from dealers
who collected the spat on shells in areas of abundant spat production. Now, thanks to the
pioneering work of Dr. Loosanoff and others, it is possible to spawn aysters from selected
stock, rear the larva and collect them on shells for sale to the oyster farm.

Further advances in the technique of oyster seed production now reduce the cost and labor
of transport and spreading the shell on the beds. The farmer can now buy a ball of spat of
select stock, carry it to his farm, and place it in warm seawater, where the spat will set on
crushed shells. After a few days growth the shells can be placed on trays or beds to grow.
With the site for the oyster farm available and quality seed, the oyster farmer now needs only
a quick way to shuck his crop to be in business.

The culture of the Pacific salmon started in 1870 on the McCloud River in the State of
California. The Manual of Fish Culture, first published in 1897 and revised in 1900, describes
in detail how eggs used for propagation were obtained from salmon as they migrated
upstream to the natural spawning grounds. For the Baird Station on the McCloud River the
eggs were collected from fish caught in large numbers in drag seines. The chinock salmon
eggs from the Baird Station were shipped to many states and foreign countries and most
transfers failed; one notable exception was New Zealand where runs were established that
have flourished for a century.

At the Clackamas Station in Oregon, a rack was built across the river to stop the fish so
they could be netted by fishermen standing on the rack at night.

In 1891, the Washington State Legislature appropriated $15,000 for a salmon hatchery on
the Kalama River, with an egg taking station on the Chinook River. Again, eggs were col-
lected by robbing the natural spawning grounds.

In 1907, the Green River hatchery was built on Soos Creek and chinock salmon eggs were
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brought from the Kalama to start the runs that eventually produced seed for supplying other
hatcheries subsequently built in the Puget Sound area.

From these four “donor” stocks many of the chinook brood stocks around the world
evolved. Not only were migration paths changed but spawning times and outmigration pat-
terns were changed by natural and purposeful selection.

Here in the State of Alaska aquaculture has had a long history with varied experiences.
Starting in the early part of this century a number of sockeye salmon hatcheries were built
that collected millions of eggs and liberated millions of unfed fry that failed to survive; even-
tually all the early hatcheries were closed. In the past ten years there has been a revival of in-
terest in aquaculture in Alaska by the state and private commercial aquaculture corpora-
tions. The concentration of effort is on the incubation and early rearing of pink salmon.

Following the spectacular development of the chum salmon hatchery programs in Japan
and the U.5.5.R., the State of Washington has greatly expanded its chum salmon program. In
1978, a total of 45,788 adult chum salmon returned to the hatcheries and 90,686,167 eggs
were collected for use in increasing the runs.

Coho salmon have always been considered the “'bread and butter” fish of fish culture along
the eastern Pacific. In 1978, a total of 202,492 adult coho returned to the hatcheries of the
Washington State Department of Fisheries, and 134,875,396 eggs were harvested for incuba-
tion and subsequent rearing for release to the North Pacific pasture.

As salmonid aquaculture expands, a major problem is developing in providing fish food of
adequate quality in amounts needed.

The composition and type of processing of hatchery diets used to feed salmonid fishes vary
greatly, but all formulas depend on processed fish products for the primary protein sources.

Most of the diet formulas specify herring meal as the protein base. The world decline in
herring populations has created a very real shortage of herring meal. The quality of the
limited amounts of herring meal available has elso dropped with the development of the her-
ring roe industry that extracts the herring roe by salting and partial digestion of the mature
herring. The resulting meal made from processed herring has a high salt content and limited
content of poor quality oil.

Inferior quality meal and fish oil in the diets result in slower growth, poor quality smolts,
and reduced contribution of hatchery fish to the fishery.

The present annual needs for hatchery food in Washington and Oregon of 37 million
pounds require about 20 million pounds of fish meal-fish oil combination. To preduce this
quantity of high quality fish protein-oil base for the diets, 40,000 ta 50,000 tons of low value
fish and fish scrap would be needed.

In summary, the future of aquaculture looks bright. As evidenced by many of the papers to
be presented at this Symposium, we are at long last beginning to consider aquaculture as an
integrated system of carefully integrated parts—taking advantage of the progress made by
earlier workers—and hopefully avoiding their mistakes, and developing a concept of “farm-
ing" the North Pacific.

Of utmost importance, however, are the people with patience, skill and energy to put the
entire concept into practice—the real farmers, who must be free to operate with a minimum
of legal-social restraints.

“The only place that success comes before work is in the dictionary."

Acknowledgement
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Proc. No. Pac. Aquoculiure Symp.,
Aug. 1980, Anchorage, Alaska

Foraging Success as a Determinant of Estuarine and
Nearshore Carrying Capacity of Juvenile Chum Salmon
(Oncorhynchus keta) in Hood Canal, Washington

Charles A. Simenstad and Ernest O. Salo

{Fisheries Research Institute, University of Washington, Seattle, Washingtonj

Abstract

Migration rate of and habitat selection by outmigrating chum salmon (Oncorhynchus keta) juvenilas in Hood
Canal relate directly to availability of preferred prey organisms. Juveniles entering the Canal early in the cutmigra-
tion period {February and March), especially naturally spawned chums less than 40 mm FL, encounter relatively
meager prey resources in shallow sublittoral and neritic habitats. Rapid migration rates (7 to 14 km/day) during this
period suggest a behavioral response to low prey availability might be immediate migration into regions with more
prey. In spring, epibenthic and neritic zooplankton increase, and migration rates decline (3 to 5 kmiday) as the
juvenile salmon spend more time foraging in estuarine and nearshore habitats. During this period they start eating
epibenthic harpacticoid copepods and gammarid amphipods in shallow sublittoral habitats, but upen growing to 45
10 55 mm FL, move into neritic habitats and start eating pelagic and nektonic organisms such as celanoid copepods,
hyperiid amphipoeds, and larvaceans. This transition is theorized 10 be the result of prey resource depression and
growth of the fish to the point that they can feed upon larger neritic organisms and avoid predators. Selectivity for
large prey is quite apparent, however, in both epibenthic and neritic feeding modes and is attributed to 1) visual
perception and active selection, 2) differential prey escape abilities, 3} functional morphology of the juvenile chum
selmon, and 4) optimization of bioenergetic cost of foraging with nutritional value of prey.

We assume that size-dependent daily rations between 15 and 25 percent of the total bady weight per day would be
required to provide optimal foraging. Accordingly, the estimated carrying capacity of juvenile chums in Hood
Canal for two week periods ranged from 0.03 to 0.65 fish/m* in shallow sublittoral habitats and from 0.01 to 0.07
fish/m? in neritic habitats. Assuming these interpretations are reasonable and the estimates valid, a number of alter-
native hatchery design and release strategies may be developed to reduce mortality of artificially propagated chum
salmon.

Introduction

Only recently have factors believed to limit the production of juvenile salmonids in the
Northeast Pacific included estuarine and nearshore marine influences—of which predation,
by implication, may be the more deleterious factor affecting survival (Parker, 1968 and 1971;
Wickett, 1958; Gilhousen, 1962; Peterman and Gatto, 1978). These early marine effects are
extremely important to chum salmon (Oncorhynchus keta) which, because of their early
emigration from freshwater at a small size, appear to require nearshore habitats and
environmental conditions conducive to rapid growth (Parker, 1971; Healey, 1979).

The prevalent outmigration behavior of juvenile chum salmon involves rapid emigration
from freshwater to shallow nearshore marine habitats (Neave, 1955; Bakkala, 1970) where
epibenthic and neritic food resources are extensively fed upon during the initial period of
residence [Kaczynski, et al., 1973; Feller and Kaczynski, 1975; Mason, 1974; Healey, 1979).
While freshwater feeding prior to outmigration has been reported to be significant in British
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Columbia (Sparrow, 1968; Mason, 1974) and the Soviet Union [Levanidov and Levanidova,
1957), initiation of feeding usually occurs in the marine environment in Puget Sound and
many other regions. This period may, as such, constitute a “critical” life history stage for
chum salmon in terms of feeding, growth, and escape from natural mortality forces such as
predators and disease. In this context, the role of food limitation in estuarine and nearshore
marine environs may be a major determinant of the production of chum salmon (Healey,
1979; Gallagher, 1980; Gunsolus, 1978),

Earlier research on the survival of chum salmon in northern Hood Caral, an inland fjord of
Puget Sound (Figure 1), indicated that the marine survival of early (March) outmigrant
juveniles tended to be lower and more variable than that of the late (April} outmigrating fish
(Koski, 1975; Schroder, 1977). This suggested to us that juvenile chum salmon entering Hood-
Canal too early to take advantage of spring increases in epibenthic and neritic zooplankton
may experience comparatively slower growth and higher mortality. We do not, however,
have data illustrating either the mechanism of mortality nor how the mortality rates are
distributed among the estuarine, nearshore marine and oceanic phases of the chum salmon’s

life history.
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We hypothesized that limited prey resources and inadequate foraging success by early
stock chums were responsible, at least in part, for the higher mortality rates. This suggested
that, if the low densities of zooplankton were “limiting”’ under conditions in the early spring,
the expanded zooplankton populations could, under heavy enough predation pressure, also
be over-exploited by the relatively high densities of juvenile chum salmon which are released
inte Hood Canal from hatcheries in late spring. Various agencies, including state, federal,
and tribal, are placing increasing priority upon the Hood Canal ecosystem as a principal
churmn salmon production and harvest region. In 1979, releases reached 50 million fish and
they are expected ta continue to increase (Figure 2}. Thus, in terms of securing the success of
these and other chum salmon enhancement programs, it appeared important to gather some
basic knowledge of the functional relationships between estuarine and nearshore prey
resources and the migration behavior, foraging success, growth, residence time, and mortali-
ty rates of outmigrating juvenile chum salmon.

We would like to describe our interpretation of some of these relationships as a result of
three and one-half years of studies of chum salmon outmigrations in northern Hood Canal
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by the University of Washington’s Fisheries Research Institute (FRI, Simenstad, et al., in
press). We would like to present what we believe is evidence for a direct relationship be-
tween juvenile chum migratory behavior and the abundance of preferred epibenthic and
neritic prey populations. Qur conclusion is that the scientific concept of “carrying capacity”
may be an actual ecological phenomenon which, under some conditions, could limit the pro-
duction of juvenile chum salmon in the Hood Canal ecosystem. We would also like to offer
some arguments why and how this concept needs to be incorporated into future enhance-
ment strategies for chum salmon in Puget Sound and perhaps other comparable regions.

Material and Methods

As a part of FRI’s studies of chum and pink salmon outmigrations between 1975 and 1979
in northern Hood Canal, we quantitatively sampled the stomach contents of migrating
salmon and the epibenthic and neritic zooplankton communities upon which they were
feeding. Studies of the dynamics of the outmigration, migration rates through the Canal,
mortality rates, and temporal and spatial distribution of juvenile salmon were also con-
ducted concurrrently and provided important documentation of the migration behavior
which we could relate to their foraging patterns.

Juvenile salmon were collected at representative locations on both sides of a portion of
northern Hood Ganal (Figure 3). Fish migrating through the shallow sublittoral habitats were
sampled by beach seines and those in neritic waters were collected using a surface trawl or
“townet.” Epibenthic zooplankton were sampled using a suction pump system which drew
water and associated plankters from within an enclosed sampling cylinder, through a
flowmeter and into a filtration cylinder in which nested conical plankton nets were sus-
pended (Figure 4). The finest mesh size of these plankton nets was 209 micrometers. Epiben-
thic zooplankton were sampled principally at three sites coincident with the most productive
beach seine sampling sites. Surface neritic zooplankton were collected just offshore the three
principal epibenthic sites using a standard 60 cm bongo net array equipped with 333
micrometer mesh nets. The contents of the stomachs preserved from representative sub-
samples of juvenile chums were examined and described in terms of fullness, stage of diges-
tion, and taxonomic composition, frequency of occurrence, abundance, and biomass of prey
organisms. Organisms were identified as specifically as their stage of digestion allowed and
their life history stage reported if identifiable. Zooplankton collections were subsampled and
the taxonomic composition, abundance and biomass determined.
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Figure 4.

Components of epibenthic suction-pump sampling system as in use (a) and cross-sectional detail of
filtration (b}. All measurements in mm.
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Results

When migrating through shallow sublittoral habitats, juvenile chum salmon fed principally
upon epibenthic crustaceans, including primarily harpacticoid copepods and gammarid am-
phipods (Figure 5). The harpacticoid Harpacticus sp. and the gammarids Calliopiella pratti
and Ischyrocerus sp. appeared to be the most cornmon taxa. When feeding in neritic
habitats, chums preyed upon calanoid copepods, hyperiid amphipods, euphausiids, and lar-
vaceans (Figure 6). The common calancids were Calanus (pacificus x marshallae complex),
Pseudocalanus spp., and Epilabidocera amphitrites; hyperiid amphipods were primarily
Parathemisto pacifice; and the euphausiids were unidentifiable larvae and juveniles while
larvaceans were Oikopleura sp.
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caught juvenile chum salmon in
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1977-1978. Prey taxa have been
pooled to the phylogenetic level of

juvenile chum salmon in Hood Canal,
Washingion. 1977-1979. Prey taxa
have hean pooled to the phylogenetic
level of family or above.

family or above.

Whether the migrating salmon occupied shellow sublittoral hebitats, feeding upon epiben-
thic organisms, or neritic habitats, feeding upon pelagic and nektonic organisms, appeared
to depend upon the size of the fish and stage in the outmigration period. Immediately upon
entry into Hood Canal chum between 30 and 40 mm FL (typically originating from naturally
spawned populations or from the Big Beef spawning channel) fed upon epibenthos; as the
fish grew or enterad the Canal at a larger size (45 to 50 mm FL) [such as those released from
hatchery facilities) they typically fed more upon neritic organisms. Temporal shifts in the
prey composition of juvenile chums captured in shallow sublittoral habitats and those cap-
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tured in neritic habitats illustrated that neritic fish had converted almost completely to
neritic prey organisms by early May (Figure 7). Although there were several prominent
pulses of neritic prey consumed by fish captured in shallow sublittoral habitats, their diet
generally consisted of epibenthic organisms throughout the outmigration period until early
July (Figure 8).

Based upon a diel feeding chronology study conducted in mid-May 1978, neritic chums ap-
peared to feed in a relatively crepuscular manner, with peak feeding occurring at dusk and
dawn (Figure 9). Prey composition also shifted over the diel period {Figure 10}; large
Pseudocalanus and Calanus and hyperiid amphipods appeared in the stomachs at dusk and
dawn while smaller cyclopoid copepods tended to predominate in the stomach contents dur-
ing daylight hours. We have no information that indicates prey composition of epibenthic-
feeding chums varied as dramatically over the diel period.

Monitoring of the epibenthic zooplankton community indicated that chums were basically
feeding upon the most common components of the epibenthos, as harpacticoid copepods
and gammarid amphipods dominated the composition of the community. The majority of the
fluctuations in density of epibenthic zooplankton was, in fact, a function of harpacticoid
copepods (Figure 11). In all three years, after an initial increase in harpacticoid copepod den-
sity, a general decline in density coincided with peak densities of juvenile chum salmon in
shallow sublittoral habitats (Figure 12). Continued monitoring of the epibenthic community
in 1978, after the putmigration had ended and chums were no longer abundant, indicated
harpacticoid density increased. This strongly suggests that the epibenthic-feeding fish could
have depressed harpacticoid populations during the most intensive period of the ontmigra-
tion. This could not be verified, however, without detailed taxonomic, population biology
and ecological studies of the harpacticoid community, which was beyond the scope of the
study.

Our collections of the neritic zooplankton community were much less extensive than those
of the epibenthic community. Three collections spanning the 1979 outmigration were ex-
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amined. These indicated that the calanocid copepods Paracalanus, Pseudocalanus, and Acar-
tia were the numerically dominant neritic zooplankton, with Calanns and Tortanus of secon-
dary importance.

Based upon the comparisons of the concurrently collected stomach and zooplankton
samples, juvenile chum salmon appeared to be highly size- and taxa-selective in their forag-
ing in both shallow sublitterel and neritic habitats. Size-selection of harpacticoids and gam-
marids was readily apparent. The harpacticoids eaten by the chums often represent the up-
per 50 percent of the in situ size distribution and often were so large that they did not appear
in the epibenthic pump samples (Figure 13), probably because they were so rare in the en-
vironment that our restricted sampling usually did not capture them. The mean sizes of the
harpacticoids consumed by chum captured in neritic waters were also typically larger than
those caught in shallow sublittoral habitats. There was also some evidence that intense size-
selective predation upon the harpacticoid community was depressing the mean size distribu-
tion during the peak outmigration period (Figure 14} but, as with the associated decline in
harpacticoid abundance, this cannot be verified without more complete knowledge of the
biology of the specific components of the harpacticoid community. The epibenthic-feeding
chums also appeared to select the largest of the available gammarid amphipods but the
samples of stomachs containing numerous gammarids were too rare to make a definitive
comparison.

Selective feeding behavior is even more evident in the neritic habitats (Figure 15). Ivlev
electivity curves illustrated positive selectivity for larvaceans, chaetognaths, fish eggs,
juvenile euphausiids and shrimp, and hyperiid amphipods, and negative selectivity for
calanoid copepods in general, even though they were the principal prey. When species and
size frequency distributions of calanoids in the stomachs of feeding chums and the environ-
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Figure 15. Ivlev elsctivity curves for juvenile chum salmon feeding in neritic waters adiacent to two sites in Hood
Canal, Washington, June-July 1978, Plankton composition is derived from surface 60-cm bongo net
tows and diet composition from chums captured by townet.

ment are compared, however, selectivity for large calanoid species is obvious (Figure 18),
even though the two largest calanoids, Calanus sp. and Epilabidocera amphitrites, were ex-
tremely rare in situ compared to the abundant but smaller Pseudocalanus, Paracalanus, and
Centropages, and the cyclopoid copepod, Corycaeus. Although not coordinated with these
studies, oceanographic research in Hood Canal has provided evidence that Calanus are
typically most abundant in the diffuse scattering layer which usually occurs deeper than 50
m during daylight in Hood Canal but which undergoes a diel migration into the surface
waters during this time of year. This, in conjunction with the results of the feeding
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Figure 16. Size frequency of copepods from neritic zooplankton collsctions and from the stomachs of juvenile
chum salmon caught by townet at Brown Point, Hood Canal, Washington, 27 June 1978.

chronology study, points to a highly selective feeding behavior by the juvenile chum
salmon,wherein they optimize their caloric intake by feeding upon these large (although still
relatively sparse) calanoids at dusk and dawn when their spatial distribution overlap;
daytime feeding seems to be at a lower rate in proportion to the digestion rate of the stomach
contents.

A variety of mechanisms could be responsible for this selection, including 1) differential
visual perception, 2} more effective escape responses by the smaller prey organisms, 3) mor-
phology of the chum’s mouth or gillrakes, and 4) the bioenergetic budgeting of food capture
time and effort versus the energy content of each prey organism. Other studies (LeBrasseur,
1969; LeBrasseur, et al., 1969; Koeller and Parsons, 1977) point to the bioenergetic argument,
having shown that juvenile salmon have difficulty obtaining a required ration when consum-
ing small prey even if the smaller prey were orders of magnitude more abundant than the
larger prey. The principal consequence of this relationship would be increased foraging time
or more rapid migration rates when optimally-sized prey are absent or scarce.

The results of the concurrent research on the migration behavior of the juvenile chum
salmon lends support to the hypothesis that residence in shallow sublittoral and neritic
habitats and speed of cutmigration may be directly related to the availability and density of
preferred prey organisms. Thus, a behavioral response to low prey availability would be im-
mediate migration ont of Hood Canal. In fact, migration rates in February and March were
found to range betwsen 8 and 14 km/day, decrease to 7 to 8 km/day in April and to be as slow
as 3 km/day in June (5alo, et al., 1980). These migration rates result in total residence times in
Hood Canal of hours to days early in the outmigration to weeks later toward the end of the
cutmigration, depending upon where the juvenile chum enter Hood Canal.

The choice of alternative feeding habitats, that is shallow sublittoral or neritic habitats, ap-
pears to have a number of constraints, at least in the case of juveniles less than 50 mm FL.
Although they disperse into adjacent neritic waters at night to feed upon larger and perhaps
more abundant prey, small juveniles may be forced back into shallow sublittoral habitats
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during the day to avoid predators. Thus, even if there were depressed prey resources in the
shallow sublittoral habitats, small juvenile chums may not have the behavioral option to
escape into neritic habitats where prey may be abundant and of the preferred sizes.

Our results lend some support for the arguments for prey resource limitation upon the car-
rying capacity of juvenile chum salmon in Hood Canal, at least in terms of affecting the
residence times and migration rates. If extended residence and growth in estuarine and near-
shore marine habitats is desirable in order to reduce size-dependent mortality in the oceanic
environment, then it would be worthwhile to adjust the densities, sizes, and temporal
distribution of outmigrating chums to minimize the possibility that they encounter inade-

quate prey resources.
Accordingly, we have prepared a scenario in which we have made some initial, rough ap-

proximations of the densities of juvenile chums which could theoretically be supported in
shallow sublittoral and neritic habitats at different periods of the outmigration. Qur basic
assumnption is that at least two weeks residence time is desirable in both habitats; this would
add approximately 2 cm to the total length of chum salmon under optimal growth condi-
tions. Daily ration estimates used in these calculations varied from 25 percent of body weight
per day for fish 35 to 40 mm FL to 15 percent of body weight per day for fish over 50 mm FL.
The standing stock of zooplankton available for consumption has been adjusted by 1) the pro-
portional representation of preferred (taxa and size) prey organisms, and 2) for production
and recruitment by a daily production biomass ratio of 0.1. Using our 1978 zooplankton data,
we found that the estimated biweekly carrying capacity for epibenthic-feeding fish declined-
from an initial peak of 0.65 fish/m? in mid-February to 0.03 fish/m? in late June (Table 1). In
actuality, these are estimates of "excess” or *surplus” carrying capacity since they were
based upon estimates of epibenthic zooplankton already under predation by juvenile
salmonids and a variety of other nearshore, epibenthic-feeding fishes and
macroinvertebrates. Unfortunately, we have no data on the densities of either naturally-
spawned chum salmon or the non-salmonids; the hatchery releases averaged about 1 million
juveniles per week in April, when these fish would probably have initiated feeding upon
epibenthic organisms (Salo, et al., 1980). At the most, these densities would have increased
the total carrying capacity by approximately 0.5 to 1.0 fish/m2.

Table 1.  Estimated surplus carrying cepacity of Hood Canal for epibenthic-feeding juvenile chum salmon
during 1979 outmigration.

Total prey Total biweekly Estimated biweekly Total Hood
wet biomass prey production carrying capacity carrying capacity
Date (mgfm3?) {mg/m?) {fish/m?) {no. fish x 10%)
Feb 21 819 1130 0.65 1.10
March 7 274 378 0.22 0.37
March 21 357 493 0.28 0.48
April 6 474 654 0.26 0.44
April 17 291 402 0.16 0.27
May 1 171 236 0.08 0.14
May 31 105 145 0.05 .09
fune 14 B84 116 0.04 0.07
June 28 59 81 0.03 0.05

Qur estimates of the neritic carrying capacity are more compromised in that they are based
upon but a few daytime zooplankton collections rather than collections made during the
crepuscular feeding period. Using the densities and estimated production of the five major
preferred neritic prey organisms, the estimated biweekly carrying capacity was 0.01 fish/m?
in early February and late April and 0,07 fish/m? in early June (Table 2). In the case of Hood
Canal, these estimates imply that 1 to 2 million juvenile chums could be supported (biweekly)
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in the Canal’s shallow sublittoral habitats and 7 million chums in the neritic habitats over
periods of peak zooplankion production.

These results suggest a number of strategies which could be advanced for optimizing the
results of chum salmon hatchery release strategies, since the variables influencing the forag-
ing and migrating behavior of the juvenile salmon—time, size, and density of release—are
manipulatable by these enhancement facilities. The most opportune approach would be to
maonitar epibenthic and neritic zooplankton community structure and standing stock and ad-
just hatchery releases accordingly. There is the question of whether this is practical as it is,
of course, an expensive undertaking. An alternative is to monitor the behavioral response of
the outmigrating salmon to the in situ prey resources by determining their migration rates
and residence times at various periods in the outmigration under different release strategies.
Although this has usually involved extensive mark and recapture experiments, the recent
developments in counting and measuring daily growth rings on otoliths suggest that this may
be a simple, direct means of documenting estuarine growth and residence.

The effect of competition from naturally-spawned juvenile chums should also be con-
sidered in any enhancement effort, especially in the context of their ability to depress epiben-
thic zooplankton populations. This would suggest that releases from egg box incubators,
which allow the volitional emigration of the juveniles into estuarine and marine waters,
should not be designed around stocks naturally migrating at periods when epibenthic prey
populations might be low and should be installed in regions with extensive shallow sublit-
toral habitat to support the epibenthic-feeding juveniles. At least the potential decreased sur-
vival rates which might result from such releases should be taken into consideration when
assessing the cost-benefit ratios of egg box incubator systems.

Similarly, the manipulation of conventional hatchery releases should be considered in
terms of the costs of the various options (e.g., number of days feeding before release, voli-
tional or nocturnal releases) versus the estimated costs or gains in survival which could be
predicted to occur as a function of the projected carrying capacity at that time. This may be
especially important in the case of neritic-feeding juveniles which appear to be closely
linked to unique prey rescurces such as Calanus copepods. The most direct way to imple-
ment such an evaluation of hatchery release strategies is, of course, to conduct full-scale pro-
duction releases in the framework of an experimental design which includes the monitoring
of the growth, behavior, and survival of outmigrating juvenile chums and the structure and
standing stock of their prey resources.

All these proposals are predicted upon precise measures of estuarine and marine survival
rates, something that is seldom documented and even less frequently incorporated into
hatchery management strategies at this time. We are at a point in our science where, if we
are to implement economically and biologically successful enhancement programs, we need
to abandon the random, intuitive approaches in salmon propagation (relative to interactions
with the marine environment) and conduct structured experiments with alternate release
strategies based upon testable hypotheses concerning predicted survival rates. These will re-
quire a much more thorough knowledge of the behavior and ecology of juvenile salmon in
estuarine and marine environments than we now have.
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Vertical Movement of Mature Chum Salmon Contributing to
the Improvement of Set Net Structure on the Hokkaido Coast

Tadayoshi [chihara and Akira Nakamura

{Faculty of Marine Science end Technology, Tokai University, Shimizu, Japan]

Introduction

With an increment of larvae of chum salmon released, the return of mature fish recently
has been increasing in northern Japan. In order to effectively take eggs from mature salmon
returning to home rivers from September through December on the Hokkaide coast, hatch-
eries with limited space need a constant supply of mature gonads. However, this has been
often interrupted by the coastal net fisheries for salmon, since many trap nets are traditional-
ly set in the coastal area. Predicting the amount of return for each year on scientific bases,
several measures have been introduced for regulating competition between net fisheries and
enhancement of salmon aguaculture. It is very hard to decrease the number of set nets
throughout the season in order to obtain a constant run. A practical measure is to delay the
opening date of net catch or to advance the closing date. It provides bimodal runs throughout
the season, but net fisheries must take salman efficiently during the peak of the season to
compensate for the loss derived from the reduced catch period.

The structure of a set net is a factor in determining the catching efficiency. The slope of the
ramp net is particularly important to conduct salmon from the playground into the trap. We
have continued to examine the vertical movement of unrestrained mature salmon at sea
through ultrasonic telemetry techniques and found the gradient of upward and downward
movement of fish is smaller than the slopes of the ramp nets. This finding may coincide with
the evidence that many fish escape from the playground of a set net, resulting in decreasing
the efficiency of the catch. Our results will provide valuable information for improving the
structure of the set net.

Telemetric Method for Behavioral Study of Salmon

Ultrasonic transmitters of 50 khz were made by the technical branch of our faculty in
Shimizu. The transmitter in an epoxy capsule is 17 x 80 mm in size and its weight is 31g in air
and 10g in water. The shape and basic structure of the transmitter are about the same as
described by Ichihara, et al. (1975), but the circuit and the mechanical structure concerning a
depth sensor are much improved. A very light silicon bulk semiconductor is effectively used
as a depth sensor and the error of measurement by it is under 3 percent. Pressure directly
changes the resistance of the sensor and subseguently medulates the pulse interval. The
pulse is transmitted every two seconds on an average. The width of the pulse is determined
as 20 ms from experience. Receiving apparatuses are the same as reported by Ichihara. et al.
(1972).
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In 1979, a behavioral study of chum salmon was carried out using 12 mature fish. Nine of
them were captured in the Abashiri River which empties into the Okhotsk Sea and three
were captured by set nets established along the coast. Each fish was released at sea with an
additional two or three fish after they were transported from the capture site to the release
point by a research vessel. Disc tags were fixed on dorsal sides of all fish. A transmitter was
inserted into the stomach of a fish anesthetized with MS 222. It takes about one hour before
the fish bearing the transmitter adapts to the burden of transmitter. The capture site in the
Abashiri River is located 1.5 km up the mouth where the seawater comes up with the fload
tide. It suggests that fish from the river may easily adapt to sea conditions.

The propagation range of the ultrasonic signal is under 2 km in the sea and the swimming
depth is recorded at a range of 1 km in order not to frighten the lish. The position of the
vessel was determined every 30 minutes by land bearing in the daytime and with a radar on
cloudy days and at night. Thus, the position of fish is indicated by the position of the
research vessel approaching the fish. Table 1 shows a list of chum salmon tracked by
telemetric technique, periods of tracking and distances of movement, in the Okhotsk Sea,
1979.

Tahle 1. Chum salmon nsed for tracking and distance of movement on the Okholsk coast, 1974,
Fork Length  Period of tracking  Actual distance i Slraight distanee of

No. Date Sex {cm] th. minj mavement (kmj A movement [km| B* AIB
1 Sepd. 27 ¥ 66.0 4:03 6.3 1.7 1.70
2 Sept. 30 F 72.0 17:02 17.2 4.3 4.00
3 Qct. 4 M 68.1} 10:00 8.7 7.9 1.1v
4 Ocl. 5 F 78.0 6:27 4.7 A.H 2.42
3 Oct. 7 4l 61.0 5:22 12.2 4.2 2.00
3] Ot 9 M 59,0 10:50 42.7 3.9 10.95
7 Qct. 11 M 700 8:00 LR 5.1 4.64
] Ot 19 M a8.0 J:32 9.3 2.3 4.04
] Qct. 14 F 68.0 15:48 40.5 21.0 1.3
10 Qct. 18 M as.e 21:33 33.7 25.8 2.08
11 Oct. 23 M 66.0 Y1430 78.7 26.2 3.00

12 Oul. 25 M

72.0 39:42 104.3 31.6 3.30

*The straight distance from the release to the last point of tracking.
Horizontal Movement of Fish

From 27 September through 25 October, a total of 12 fish were tracked and the swimming
depth was recorded on an average of every two seconds. Periods of tracking ranged from 3
hours and 52 minutes to 39 hours and 42 minutes. Distance of horizontal movement differed
from individual to individual, ranging from 6.3 km to 104.3 km. When the release point is
connected with the last point of tracking by a straight line on a chart, the straight distance of
movement is measured. The mean ratio of actual distance of movement against the straight
distance is 2.97 (1.10—10.95), as shown in Table 1. This ratio suggests that the actual move-
ment of chum salmon is more active than the movement estimated from tagging and subse-
guent recavery.

Swimming ground speeds are illustrated in Figure 1 throughout the duration of the ex-
periments. The mean ground speed was 47.4 m/min (2.8 km/hour), while the maximum speed
was 260 m/min (15.6 km/hour). This indicates that mature chum salmon on the coast move at
a mean speed of 1.2 fork length per second.

The mean ground speed was 53.5 m/min in the daytime and it was 40.1 m/min at night.
Chum salmon in the daytime may swim slightly faster than at night but there is a similar pat-
tern in the frequency distribution of speed day and night as shown in Figure 2. Figure 3
shows percent frequency of ground speed for the llood and ebb tides. The mean ground
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Figure 1.  Freguency distribution of swimming ground speed of mature chum salmon on the Okhotsk coast,
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Figure 2. Swimming ground speeds of mature chum salmon in the daytime and night in the Okhotsk Sea, 1979.
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speed in the flood tide was 54.2 m/min and 48.6 m/min in the ebb tide, indicating no signifi-
cant difference between tides. For the purpose of this paper, the moving direction ol each
fish is not described here,

Characteristic Vertical Movement of Fish

Swimming Depth

Throughout experiments of 1879, the majority of salmon slayed in the 0 to 20 m layer in
depth. Their stay in the 0 ta 5 m layer occupied 43.9 percent of all telemetric records. The
maximum depth fish reached was 100 m. The mean swimming depth was 13.7 m as shown in
Figure 4. Percent frequency of swimming depth is compared between daytime and night in
Figure 5. At night, fish stayed in the 0 to 5 m layer at a slightly higher frequency than in the
daytime.

The mean swimming depth was 14.3 m in the daytime and 13.3 m at night, suggesting no
remarkable difference in the swimming depth day and night. From Figure 6 it is seen that the
mean swimming depth during ebb tide was 17.8 m, and 9.7 m during flood tide.
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Figure 4.  Frequency distribution of swimming depth of mature chum salmon on the Okhotsk coast, 1979,
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Figure 5. Swimming depth of mature chum in the daytime and at night on the Okhotsk coast, 1979,
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Figure 7.  Vertical movement of mature chum salmon No. 2, during 8 hours after release on the Okhotsk coast,
1979. Flood tide: ———; Ebb tide:

Upward and Downward Movement

Fish released from the vessel swam down rapidly, as they escaped from restraint. Then
they again approached the surface of the sea and continued to move upward and downward.
Records of Figure 7 indicate the characteristic vertical movements of fish No, 7 examined on
the Okhotsk coast. Such vertical behavior appears usual for mature chum salmon ap-
proaching the Japanese coast. Ichihara, et al. (1975), found the same pattern in a fish exam-
ined off Etorohu Island, a part of the southern Kurile Islands. Ichihara and Nakamura (in
press) observed this characteristic movement for fish examined in the Nemuro Strait, a
northeastern part of Japan, in 1977. The Marine Ecology Research Institute in Japan (1979
and 1980) has examined an effect of the warm water flows from energy plants on the move-
ment of mature chum salmon off the Fukushima Prefecture in northern Japan. Through 4
biotelemetric technique, it found similar characteristic behavior in vertical movements of
fish.

Figure 8 indicates locations where the experiments described above were carried on.
Although there are remarkable differences in the topography of sea bottoms and the en-
vironmental sea conditions among these locations, a similar vertical movement always ap-
pears. Figure 7 indicates that the fish continue to repeat the upward and downward,
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Figure 8.  Locations where ultresonic telemetric experiments have been carried out on the Japanese coast from
1974 through 1878,
A: off Etorohu Island
B: off Shibetsu in the Nemuro Strait
C: off Abashiri
D: off Fukushima Prefecture

movements in the daytime and at night, regardless of directions of tidal currents. In an inter-
val of 10 to 30 minutes, fish come to the 0 tc 5 m layer in depth, however, there is no accurate
pericdicity in the vertical movement. Such vertical movements are maintained even when
the sea is very deep. Since salmon seldom penetrate thermoclines to go down, the maximum
swimming depth of fish is regulated by the depths of thermoclines in the local waters
(Ichihara, et al., 1975). There is a trend toward less vertical movement in shallow waters,
hence the fish tend to stay in the subsurface layer.

Table 2 shows frequencies per hour when mature chum salmon come up to the 0 to 5 m
layer in depth. From 1974 through 1979, the behavior of salmon was studied by the same
telemetric system in four localities. The purpose of examination differs slightly from locality
to locality, but we can reexamine the records of swimming depth. Salmon exemined were
captured by set nets established in the salt water or by another fishing method close to a

Table 2.  Frequencies per hour in which mature chum salmon come up to the 0~ 5 meter layer in depth.

Location of Surface water Location of Number of
experiment Year Month temperaturs, °C  fish captured fish used Frequency
North Pacific 1974 Qct. 8.0~ 11.5 Sea 1 1.7
(off Etorohu Island)
North Pacific 1977  Sept. ~ Oct. 17.0~18.5 Sea B 3.0
[Nemuro Strait)
Okhotsk Sea 1979  Sept.~Oct. 13.5~15.5 Sea 1 4.2
{off Abashiri) River ] 4.2
Narth Pacific 1978  Oct.— Nov. 15.0~19.0 Sea 10 5.1
[off Fukushima Prefecture} Rivar 8 5.4
ditto 1979 Oct.~ Nov. 17.0-~21.0 Sea 8 7.6
River 17 6.3
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freshwater river mouth. The mean frequency per hour at which fish returned to the surface
layer varied from 1.7 off Etorchu Island to 7.6 off the Fukushima Prefecture, indicating an in-
creasing trend with the decrease of latitude. When surface water temperatures are taken into
consideration, the frequency of upward movement seems to increase with an increment in
water temperature. However, the frequency is 3.0 in the Nemurc Strait of 17.0 to 18.5°C for
the surface water temperature while it is 5.1 off Fukushima Prefecture at a surface
temperature of 15.0 to 19.0°C. In general, the maturity of gonads progresses further in the
southern area than in the northern area, since salmon migrate from north to south for spawn-
ing. Hasler and Wisby (1951) and Hiyama, et al. (1967), emphasize that the olfactory sense
plays an important role for homing of salmon in the coastal area. This characteristic vertical
movement mentioned above probably relates to the olfactory function as suggested by
Ichihara and Nakamura [in press).

Information on Improvement of Structure of Set Net

From the horizontal and vertical moving speed, gradients with which salmon descend and
ascend in the sea are measured. Since free swimming salmon repeat the upward and
downward movements in the coastal area as shown in Figure 7, we can estimate gradients
from many available data. As there is no correlation between the horizontal and vertical
moving speed, an average of ground speed can be a standard of horizontal vector for
calculating gradients. Numbers of measurements as the basis for calculation are described in
the last column of Table 3; 432 for the horizontal vector and 3,316 for the vertical vector.
There are vertical movements of two types; one appears soon after fish are released from the
vessel and the other occurs naturally in the free swimming state. In the former case, fish

quickly descend to escape from the restraint and the descending gradient is larger than in the
latter case.

Table 3. Gradient of nets conducting salmon into trap.

Depth of sea {meter)

Type of set net Slope of ramp net =18 18~ 36 36~54 5472 72<
Trap set Ascent 0.15-0.25 0.20- 0.40 .30~ 0.50 0.30~ 0.30 ~
{22) (18) {15) (18) 12)
Bottom set Descent ~0.15 0.20-0.35 0,30 0.40 .30 - —
{15) (18) {14) (7)
Asceni — 0.12-0.15 0.15-0.30 0.15 - 0.30 0.20~
Midwater set 4) {3) (51 {4)
Descent — 0.12~0.20 0.20-~0.35 0.20~0.40 0.35~

Parenthesis indicates number of nets examined.

The mean vertical moving speed in escapement is 18.9 cm/sec, while that in the natural
state is 8.5 cm/sec. The mean vertical moving speed in the natural state off Etorohu Island
was 7.6 cm/sec (Ichihara, et al., 1975). The escape movement does not continue long and the
fish approached the subsurface layer within one hour after they were released. The mean
ascending vertical moving speed was 9.00 cmisec, slightly greater than the descending
speed. These values are shown in Table 3. From these speeds, descending and ascending gra-
dients are calculated for saimon. The mean gradient for escapement is 0.240, 2.2 times that
for the natural descent. The gradient occasionally increases in the case of the natural de-
scent, because fish often get away from the research and sailing vessels approaching them.
Descending and ascending angles are calculated from these gradients and shown in the same
tahle. On the basis of these values of angles, a schematic diagram can be drawn, as in Figure
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9, which indicates a pattern of the vertical movement of mature chum salmon on the
Japanese coast.

In autumnn, many set nets of various types are used along the coast of northern Japan to
take salmon during their spawning migration. The set net fishery is one of traditional fishing
methods long recorded in history. Its basic characteristic is that fish move into the trap in a
passive manner. Set nets recently used for salmon fishing are divided into three types in ac-
cordance with underwater positions of the trap as shown in Figure 10; trap set net, bottom
set net and midwater set net. This figure illustrates a schematic diagram of the vertical sec-
tion of salmon set nets. In general, the trap set net is a traditional one and suitable for
shallow places of slow tidal currents while both the bottomn and the midwater set nets are
established in deep places of fast tidal currents. Fish conducted from the open waters into
the playground are subsequently conducted into the trap through the ramp net. The specific
structure of each type of set net differs. Some features of the remp net appear in the lower
side of the trap set net, in the upper side of the bottom set net, and in both the lower and up-
per sides of the midwater set net. These gradients seem to have an affect on conducting fish
from the playground into the trap.

Data available on the slopes of ramp nets were collected from a total of 153 set nets
established on the Hokkaido coast, comprising 83 trap set, 5¢ bottom set and 16 midwater set
nets. Midwater set nets are not established in water under 18 m in depth. The ranges of gra-

Figure 9.  Schematic diagram indicating mean descending
and ascending gradients of free swimming
mature chum salmon.

Dapsh

Trap ser met Figure 10. Schematic diagram of vertical section: of salmon set nets
on the [apanese coast.
8: Sea Surface
B: Sea Bottom
PG: Playground
RN: Ramp Net

Midwater sat not
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dients for ramp nets are indicated in Table 3 for every 18 m of sea depth. The gradients vary
from 0.12 to 0.40 and increase with increments of the sea depth. The values of gradients are
similar between the trap set and the bottom set nets, because in the vertical views the bottom
set net turns the trap set net upside down. In the midwater set net, ascending gradients are
smaller than descending but both gradients are less than those in the other two nets.

In any case, the slope of the ramp net is steeper than the mean gradients in vertical
movements of free swimming salmon. Mast of the slapes in ramp nets are steeper than the
mean swimming gradients when salmon are escaping the research vessel. Telemetric
records on swimming depth indicate that fish entering the set nets continue to repeat up-
ward and downward movement inside the playground and ramp nets. When fish stay in the
upper portion of the ramp net in the trap set net, or in the lower portion of the ramp net in the
bottom set net, or in the middle portion of the ramp net in the midwater set net, they can easi-
ly be conducted into the trap. When fish encounter the slope of the ramp net, however, it is
possible they do not move along the slope because of its steep gradient. In particular, the
midwater set net is unfavorable for conducting fish to the trap from the structure of the ramp
net. The ramp net in the midwater set net has two slopes. Such a disadvantage in the struc-
ture of the net may relate to the fact that about half of the fish in the playground escape from
the net to open water.

Although it is ideal to decrease the slope of the ramp net, the slope is controtled by the size
of the set net and the bottom topography in which the set net is established. The size of
salmon set nets along the Hokkaido coast is determined by regulation. One method is sug-
gested to eliminate the barrier resulting from the steep slope of the ramp net. As shown in
Table 4, the gradients of vertical movement in escapement from the vessel are larger than
those when the salmon is free swimming in the natural state. Not only in escaping from
restraint but also in escaping from threat, salmon exhibit sharp gradients in vertical move-
ment. Sonic stimuli will be effective to frighten fish and conduct them toward the opposite
direction from the noise.

Table 4. Descending and ascending gradients of free swimming chum salmon on the Okhotsk coast.

Vertical moving speed {B)

Horizontal moving speed (A) mimin — cm/sec BiA
m/min — cm/sec Descent Escapement  Ascent Descent  Escapement  Ascent
Minimum —_ 1.00 0.80 1.00 0.021 0.016 0.021
- 1.67 1.33 1.67 (1.2} [0.9] (1.2)
Average 47.35 5.12 11.36 5.40 ¢.108 0.240 0.114
78.92 8.53 16.94 9.00 (6.2) [13.5) [65]
Maximum - 25.00 28.50 30.00 0.528 0.602 0.634
- 41.67 47.50 50.00 (27.8} [31.1) (32.4)
Number of measurements 432 1694 ] 1613 1694 9 1613

Parenthesis indicates angle. Escapement shows descending state just after fish was released at sea.

We have no precise information on behavior of chum salmon in the ramp net, but an
ultrasonic transmitter recently developed by us makes it possible to study the response of
salmon against the net. The accuracy of depth measurement is improved to + 1 percent with
the new telemetric system. Until the behavioral study is completed, conclusive statements
cannot be made on evaluating the structure of the net.

Summary

Application of a tiny pressure sensor o the ultrasonic biotelemetry improved our efforts in
studying the behavioral habits of salmon. Results from mature chum salmon through field
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research on the coast of Japan have revealed characteristic patterns of vertical movement of
salmon. When the harizontal moving speed is combined with the vertical moving speed, we
can calculate the gradients in upward and downward movement for mature chum salmon in
the coastal area. These gradients may be applied for improving the structure of set nets.
Although the salmon set net lishery is a traditional and passive fishing method, regulation of
the lishing period is needed in order to increase the activities of hatcheries. Promotion of
catch efficiency by set nets in a limited fishing season must lead to better regulation of
salmon aquaculture. From the field research carried out o 12 mature chum salmon along
the Okhotsk coast in October af 1979, results are summarized as follows.

1.  The mean horizontal ground speed was 47.4 m/min while the maximum speed was 260
m/min. There was no remarkable difference between ground speeds in the daytime and
at night nor hetween flaod and ebb tide.

2. During 43.9 percent of all periods of experiments, mature chum salmon stayed in the 0
to 5 m depth. The mean swimming depth was 13.7 m. There was no remarkable dif-
ference in the swimming depths between daytime and at night.

3. Mature chum salmon often came to the subsurface of the sea. The frequencies per hour
in which salmon came up to the 0 to 5 m layer of depth were compared among four dif-
ferent localities on the Japanese coast. The value was 1.7 off Etorchu Island and 7.6 off
the Fukushima Prefecture. Such a characteristic vertical movement probably relates to
the olfactory function of maturing chum salmon.

4. In upward and downward movements, the mean vertical speed of chum salmon was
54 m/min and 5.1 m/min respectively. In doewnward movement escaping from
restraint, the mean vertical speed of fish was 11.4 m/min, faster than that in the natural
condition.

5. From horizontal and vertical speeds of fish, the gradients in upward and downward
movement were calculated. The gradient in escapement was 0.24 while that in the
natural vertical movement was 0.11.

6. The slopes of ramp nets were measured from 153 salmon set nets established along the
Hokkaido coast. All slopes of ramp nets of various types exceeded the gradients in the
natural vertical movements of fish. This difference in gradients may decrease catching
efficiency of salman set nets, but precise behavioral study is needed to evaluate the pre-
sent structure of set nels.
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Downstream Migration and Seawater Adaptability
of Chum Salmon (Oncorhynchus keta) Fry
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Abstract

All mature chum salmen which ascend rivers in Japan are collected for artificial propagation. The {ry are reared
in a hatchery until they reach a hody weight of over 1 g; they are then released into the river. In the Otsuchi River,
fry weighing 0.4 to 1.8 g had a plasma Na*® concentration of 130 to 140 mmolil. The greater part of them began
downstream migration iinmediately after release and reached the estuary within 24 hours. Throughout the
estuarine section, chum fry were always found in the upper low salinity layer {2 to 25 parts per thousand). Upon
reaching this area, their plasma Na* level increased slightly to 150 to 160 mmol/l.

When the [ish, weighing 0.7 g, were transferred directly from freshwater to seawater under artificial conditions,
the plasma Na* concentrations increased markedly afier one houy, reached a maximum after three to 12 hours, and
attained the seawster-acclimation level of 155 mmol/l within 24 hours. The large fish, weighing 1.8 and 2.2 g,
showed very high levels and the concentrations remained high 24 hours after the transfer. The osmoregulatory
abilily of chum Iry in seawater decreased gradually with an increase in body weight in the rearing period in
freshwater.

Introduction

Chum salmon (Oncorhynchus keta) is the most important salmon in Japan. The mature
salmon migrate to their native river close to the sea to spawn during October to January in
northern Japan. We collect all of the mature fish in the river for artificial fertilization. This is
to increase the population of the chum salmon. From the natural spawning ground, the
young migrate to the sea as alevins or fry soon after yolk absorption. This takes place at the
same stage as with pink salmon (0. gorbuscha), but one or two years earlier than with
chinock (0. tschawytcha), sockeye (O. nerka), coho (O. kisuich}, masu (0. masou) and other
salmonoids (Tyler and Bevan, 1964; Hoar, 1951; Kobayashi and Abe, 1977).

Chum and pink salmon fry migrate downstream to the sea during April and May in Hok-
kaido {Kobayashi and Harada, 1966; Kobayashi, 1968). A few observations from the water
surface explain the relationships between current speed, rheotaxis, schooling, swimming
depth, and response to light (Neave, 1955; Hoar, 1954). Distribution in the estuary was in-
vestigated by seine net, and found to relate to the tidal cycle (Mason, 1974). There has been
no underwater observation of fry behavior, though it is more important.

It has been generally accepted that chum alevin and fry exhibit a sharp increase in salinity
resistance in the early stage (Kashiwagi and Sato, 1968). [t was difficult to maintain the fry in
freshwater after the migratory season. They exhibited consistent seawater preference for
several months until all animals died by November (Baggerman, 1960; Kubo, 1953). There is
no landlocked population of chum salmon. Therefore, we can estimate that chum salmon
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acquire seawater adaptability soon after yolk absorption and that they must migrate to salt
water until water temperatures in river and coastal waters exceed 15°C or seawater adapt-
ability decreases after the migratory season.

Hiyama, et al., (1972) reported that the large-sized chum fry are better able than small fry to
evade natural predators in the river during seaward migration. Since this study, it is
prevalent in Japan to prolong rearing in the hatchery to increase fry size. In recent years
feeding of artificial foods in the hatchery has become an important enhancement technique
for rearing chum fry in Japan, However, there is no information on changes in seawater
adaptability of the chum fry reared in freshwater for long periods. The investigation being
reported was carried out to determine the relationship between seawater adaptability of fry,
their size, and time spent in freshwater. Their migratory behavior is discussed in relation to
their changes in seawaler adaptability.

Materials and Methods

The Otsuchi Salmon Hatchery is located 1.7 km upstream from the mouth of the Otsuchi
River. Fry weighing 0.4 to 2 g were transported 500 m downstream from the hatchery and
released into the Otsuchi River. About 27 million fry migrated seaward in late March and
April in 1977 to 1980. Observations were carried out underwater by snorkeling and scuba
diving in the river and estuary. Temperature, salinity and water flow speed were measured
in each investigation. A trap net was set at the end of Gensui Creek, a branch of the Otsuchi
River, to count fry migrating downstream and fish remaining in the creek. The fish were
caught by cast net or trap and held for at least 24 hours in water at the spot where the fry
were caught.

Three groups of fry (A, B, and C) were reared in freshwater at the Otsuchi Marine Research
Center, University of Tokyo. The fry were transferred directly into seawater at different
growth stages after rearing for a period of time in freshwater, Blood was collected from the
caudal artery by the method of Jozuka and Adachi (1979). Plasma was separated by centrifug-
ing at 10,000 rpm for ten minutes at room temperature. Sodium concentration of the plasma
was measured by atomic absorption spectrophotometer (Hitachi 170-50 or Hitachi 203} after
1,000-fold dilution with deionized water.

Results

Behavior of Migrating Fry in the River

Chum salmon fry were transferred from hatchery ponds to a water tank on tracks,
transported 500 m to the Otsuchi River, and released at 1.2 km upstream from the river
mouth (Figure 1). Release of fry began in late March when the water temperature in Otsuchi
Bay increased to about 7°C, which was similar to the 6° to 9°C water temperature of the
Otsuchi River. By late April, release of fry was finished. Two or three million fry were
released into the river during daylight on several days. The first fish to be released during the
day were traced and observed underwater.

Throughout the 1,700 m length of the investigated stream, water flow speed fluctuated
from over 100 cm/sec in rapid current to -20 cm/sec downstream at high tide. Swimming
behavior of fry schools corresponded to current speed. After release into the river, the fry lay
on the bottom and did not respond to a water flow of 15 to 20 cm/sec, behavior of observer, or
any other stimuli for the first three minutes. The fry were observed to twitch and their head
directions were random. They began swimming motions and formed $chools three 1o five
minutes after their release. In water moving less than 20 to 30 cm/sec, the fry schools started
downstream, along the bank, with their heads directed seaward. However, in currents of 30
to 80 cm/sec, their heads were oriented upstream and they were displaced by the water tlow.
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In a shallow, rapid flow, 80 to 120 cm/sec, their position became random due to the strong
water turbulence.

During migration, the fry schools moved downriver through the bottom layer, and they
were strongly attracted by shade or darkness of waterweed communities, deeps, big stones,
and artificial structures. Fry schools stopped often at these shady spots [Figure 2). They

Figure 1. Map showing study area of the Otsuchi River and Gensui Creek in northeastern Honshu, Japan. Chum
salmon fry released from hatchery; location of counting trap in Gensui Greek {1); sampling sites for
biood collection in freshwater stream and brackish water area (1-6). Fry were caught by cast net within
24 hours after release and transported to laboratory in water taken from the spot where fish were
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Figure 2. Schematic representation of relation between circumstances in freshwater stream and remaining sites
of chum salmon fry or negative rheotaxis after release. The fish schools were strongly atiracted by
watorwoeds, big stones and depths. They remained in the shade; feeding hehavior was observed.
Released fry migrated downsiream in flat hottom, sunny areas.
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would discontinue migration and remain in the shade. When they reached this shade, all in-
dividuals were still for a short time and changed from a stationary to an active state. They
began their feeding with quick movements. A few individuals showed an investigative
behavior around the shaded areas and other fish followed them. When the density of fish in
the shade became high, many fry pursued any investigative Iry. The school then moved out
from the shade and downstream.

There are many concrete blocks protecting a bridge 400 m upstream from the river mouth
(Figure 1, section E). All fry displaced from upstream stopped there and remained beside the
blocks. The water level and the flow speed in section E are affected by tides. The remaining
fry migrated downstream at high tide on the bottom layer. Seawater came up to section F on
the river bottom where the mixing of freshwater and seawater appears. The fish responded
strongly to the mixed water and turned back to freshwater or swam up to the upper low
salinity layer.

Estuary Behavior

During migration through the freshwater region, the fry prefer the bottom layer. However,
once the fry encountered saline water in section F or G, they changed their swimming layer
to the upper (lower) salinity layers.

In the brackish area, section G, chum fry were observed along the northeastern shore. Mix-
ing of freshwater and seawater is not complete throughout sections F and G, and the
irregular refractions of light disturbed observations and measurements of salinity. Fry
schoois discontinued their migration on reaching the mixed water region, and the fish
became immobile during observations. Fry hung near the edge of the bank, but the water
flow slowly carried the fry to high salinity water outside of section G. Chum fry in this upper
low salinity layer were stressed by their excited action on the surface. The fish dove quickly
from the surface to deep areas. However, when the fish arrived at the saltwater boundary,
they immediately returned Lo the upper low salinity layer and escaped the threat from the up-
per layer.

Remaining Freshwater Population

In section A, Gensui Creek, many fry remained for a long period after the natural migra-
tion season. A trap was set at the end of section A on 11 April 1978, at the midpoint of the
releasing period. From the release point in the Otsuchi River, a group of released fry
migrated upstream before the trap was set and stayed. After the trap was set, the fish could
not go up Gensui Creek. For 57 days, from 11 April to 7 July, 46,195 fry were trapped. The
number of trapped fish from the remaining population decreased logarithmically (Figure 3).

In another experiment, 68,000 fry were finclipped and released upstream in section A.
After the first 24 hours, 44,128 marked fry were caught by the trap, 43,206 of which were fin-
clipped (98 percent of the recaptured fry). A total of 35 percent of the fish were lost in Gensui
Creek,

The trapped fish [mean body weight, 1.9 g) which remained for at least 38 days in section A
were transferred directly into seawater (8°C, 33.5 ppt) to examine their seawater adaptability.
Control samples (mean body weight, 0.62 g and 0.68 g} from the hatchery were examined by
the same procedures. Another sample (mean body weight, 2.1 g) caught in Otsuchi Bay was
transferred into seawater. Three control samples exhibited a 95 percent survival rate during
the first 24 hours. Thirty percent or less of the remaining population survived the direct
transfer into seawater (Figure 4].

Plasma Sodium Levels During Seaward Migration

The chum fry {mean bady weight, 1.03 g) were released experimentally from the hatchery
1,700 m upstream on the Otsuchi River. They were recaptured at five sites in the freshwater
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Figure 3. The progress of chum salmon fry migration from Gensui Creek to the Otsuchi River during 11 April ta
7 June 1978. Small circles show the number of trapped fry which were fin-clipped and released at 400 m
upstream from the counting trap. Large circles represent the number of fish that migrated up Gensui
Creek from the releasing point in the Otsuchi River and migrated down again. The remaining popula-
tion decreased logarithmically for 57 days.
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Figure 4. Seawater tolerance (8°C, 33.5 ppt] of chum salmon fry remaining in freshwater stream for at Jeast 38
days after release (o0); hatchery-reared fish (x); fry captured in Otsuchi Bay (*). Number in parentheses
shows sample size.

section and two sites in the brackish area. The fish seemed to be under stress after being
transported from the river to the laboratory, and their plasma Na* concentrations were
highly variable. Therefore, the fry were kept in water from the collecting spot for at least 24
hours before blood sampling. As shown in Figure 5, plasma Na* concentrations of the fry
sampled from the river were 134 to 140 mmol/], and there was no significant difference
among the five shoals regardless of migration distance from the hatchery. The fry were also
caught in the estuary 24 hours after release, and the plasma Na* concentrations (151 to 153
mmol/l) were significantly higher (p< 0.01) than those in the river, almost the same as in the
fry adapted to seawater.

Relationship Between Seawater Adaptability and Body Size
Seawater adaptability of fry of different sizes was examined simultaneously in late April.
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Figure 6. Changes in plasma Na* concenirations of chum satmon fry after transfer from freshwater to seawater.
Fish of Group A and B were reared from April to July and examined.

As shown in Figure 6, plasma Na* concentrations of the smallest fry (Group A-1, mean body
weight, 0.41 g) increased from 136 mmol/l in freshwater to 146 mmol/l after three hours in
.seawater, and to 154 mmol/l after 12 hours. This group attained the seawater-acclimated
level within 12 hours without showing any sharp peak, although there was a tendency
toward a decrease of Na* after 24 hours. A small amount of yolk still remained in some of
the fry from this group. In nature, fry at similar stages are known to start seaward migration.
Fry weighing 0.74 g (Group B} showed a peak in the Na t level three hours after transfer, and
attained the seawater level after 24 hours. Plasma Na* concentrations of the large group
{Group C-1), weighing 1.26 g, similarly reached a peak after three hours. The level after 12
hours was still high.
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In another experiment, changes in seawater adaptability of the same fry (Groups A and C)
were examined until five months after hatching. Group A fry were reared for about two
months and weighed 1.43 g, and grew to a mean weight of 1.76 g at six months after hatching
(Group A-3). The Na* concentration reached 183 mmol/l after three hours and still remained
high after 24 hours. The level of Na* concentration of the fry in Group A-3 was raised for the
longest period. They reached 183 mmol/l after three hours and still remained high after 24
hours. During the 24 hours in seawater, the plasma sodium level of Group A-3 was 10 to 20
mmol/l higher than Group A-2. The same tendency was observed in the fry of Group C. In the
largest fry (Group C-2), weighing 2.25 g, the highest concentration was 176 mmol/l and
occurred after 12 hours, and was maintained after 24 hours.

Discussion

In Japan, the chum salmon, Oncorhynchus keta, is especially abundant in the water of Hok-
kaido and the northern part of Honshu. In the Sanriku area where the Otsuchi Marine
Research Center is located, mature fish return to their natal river during October to January.
Artificial propagation of the chum is common in this area. The emerged alevins are reared in
the hatchery until they attain an average body weight greater than 1 g and are then gradually
released into rivers from March to May. The seaward migration, of the native fry whose yolk
still remained in some of the fish, was earlier than that of the artificially reared population.

According to Kobayashi and Abe (1977), alevins and reared fry, unfed for a month in the
hatchery, migrated downstream 18 km on the releasing day. A small number of fry were
observed that had remained in the river for 1.5 months after release. Similar behaviors were
observed in the present study. More than 98 percent of the fry recaptured by an experimental
trap migrated 400 m downstream during the 24 hour period following release. A few dif-
ferent groups of fry migrated upstream from the releasing point before the trap was set and
remained there for a total of 48 days. Tyler and Bevan (1964) showed a small group of chum
fry in Nooksack River, Washington, remained until late June.

In the downstream migration group and the remaining group of fish, the fry were strongly
attracted by the shade or darkness of waterweeds, deeps, big stones and artificial structures.
Hoar (1958) examined the hiding behavior of four Pacific salmonids and explained it in rela-
tion 1o the advantages of predation avoidance. When chum fry found observers on the bank
or underwater, they exhibited hiding behavior by retreating to waterweeds or shade.

Hiyama, et al., (1972) found that chum fry tagged by 5°Co or ***Au pins were eaten by fishes,
Cottus hangiongensis, Chaenogobius urotaenia and Tridentiger obscurus. During the trap ex-
periment in this study, a total of 42 chum fry were found in the stomachs of two trout (Salmo
gairdnerii). The downstream migration behavior pattern (a preference for river shade and re-
maining in waterweeds or deeps} may be advantageous in avoiding predators.

In freshwater the fry migrating downstream preferred the bottom layer in daytime; but
once the fry encountered saline water in the estuary, they began swimming in the upper and
lower salinity layer, even in strong light. This change in swimming layers suggests that
seawater adaptation is not easy for chum salmon fry. The fish in brackish water were slug-
gish and avoided diving into the seawater layer. They seem to evade a sudden change in their
environment of salinity and osmosis.

Plasma sodium concentration of the fry sampled from the river were 130 to 143 mmol!l.
The concentrations {151 and 153 mmol/l} in the fish groups caught in brackish water 24
hours after release reached the same level as in the fish adapted to seawater. Chum and pink
salmon acquire salinity tolerance earlier in life as compared with other salmonoids (Parry,
1960; Conte and Wagner, 1965; Conte, et al., 1966; Weisbart, 1968; Kashiwagi and Sato, 1969;
Kobayashi and Harada, 1966). As shown in the present study, when transferred directly to
seawater, chum fry are able to adjust plasma ion levels within 24 hours. Plasma sodium con-
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centration of the smallest fry, still containing a small amount of yalk, showed a gentle in-
crease without any sharp peak and attained the seawater-acclimated level within 24 hours.
Other larger fry groups had a tendency toward a decrease of seawater adaptability. The pre-
sent data are in contradiction to the previous findings of Houston (1961) that 1.6 g fry were
betier able to regulate total body chioride levels after seawater transfer than were 0.9 g fry. It
is unlikely that this difference is due to the fact that difterent methads were employed to ex-
amine the seawater adaptability. The chum fry, in the present study, were kept in the
laboratory aquarium at 10°C for more than two weeks before being transferred to seawater
[10°C, 33.5 ppt). When [ry of different lots were transferred to seawater simultaneously in
late April, the smaller fry adjusted their plasma Nat levels more easily than the larger fry.
Also, when seawater adaptability of the same lots of fry were followed until five months after
hatching, the osmoregulatory ability of the fry in seawater decreased gradually with an in-
crease in body weight and correlates with the time spent in freshwater. The data suggest that
to keep chum fry in a hatchery for a long period in order to increase their size is not ad-
vantageous where smooth adaplation to seawater is concerned.
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Abstract

‘This report summarizes information on the distribution and residency of juvenile salman in the Strait of Georgia,
British Columbia, and emphasizes circumstances in which distribution and residency appear to be related to forag-
ing suecess. Occupation of estuaries and nearshore areas by pink, chum, and chinook fry during April and May ap-
pears not to be related to foraging success, nor does their movement away from shere in May and June, with the
possible exception of the movement of chum out of rivermouth habitats. Departure of pink. chum, and sackeye from
the Strait of Georgia in July. and the distribution of coho, chinook, and chum within the Strait in late summer,
howsever, do appear related to foraging success.

Intraduction

Mortality of Pacific salmon during the first few months after they enter the sea is thought
to be high, and possibly critical to adult returns (Parker, 1965 and 1968). Causes of mortality
at this time can only be conjectured, but are considered to be.intimately related to growth
rate (Parker, 1971)] and presumably reflect the carrying capacity of ocean habitats in some
way. Attempts to enhance salmon production through the release of large numbers of fry or
smolts may result in local or general overexploitation of food resources by the fish, or elicit a
functional response of marine predators (Peterman and Gatio, 1878) so that no net gain in
salmon production results. An understanding of the ecological relationships affecting young
salmon during their early sea life, therefore, is essential to a full understanding of variations
in stock abundance, and to any assessment of the capacity of the ocean to produce more
salmon.

In this report I shall present information on the distribution and abundance of Pacific
salmon in the Strait of Geergia, an important marine nursery area for salmon in southern
British Columbia. I shall emphasize situations in which distribution, and residency in some
habitats within the Strait could be a function of foraging success. The observations sum-
marized here are drawn from previously published (Healey. 1979, 1980a and 1980b) and un-
published information on the ecology of juvenile salmon in the Strait of Georgia.

The Strait of Georgia

The Strait of Georgia, a partly enclosed body of water 220 km long by 33 km wide {surface
area 6900 km?), lies between the southern end of Vancouver Island and the mainland shore of
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British Columbia and Washington State (Figure 1). Greatest biological productivity is in the
southern half of the Strait, and is influenced by tidal mixing, entrainment in the Fraser River
plume, and turbidity in the surface waters (Parsons, et al., 1969a; Stockner, et al., 1979).
Zooplankton blooms in the surface waters occur from March to May in the southern half of
the Strait, and produce standing crops in excess of 1,000 organisms/m?, In the central and
northern parts of the Strait zooplankton blooms are generally later and standing crops
smaller (Hutchinson and Lucas, 1931; Stephens, et al., 1969; Parsons, et al., 1969b; Stockner,
et al,, 1979). Zooplankton biomass in the surface waters of the Strait of Georgia, in general,
increases through March and April, peaks in May, and declines in June. In some parts of the
Strait zooplankton biomass may remain high throughout August and September, but small
zooplankters dominate after June (Stephens, et al., 1969; Mackas, et al., 1980).

Figure 1. Map of the Streit of Georgia showing rivers and major landmarks referred to in the text and the four
regions of the Strait between which comparisons of abundance and feeding were made.

The principal salmon rivers tributary to the Strait of Georgia within Canada include the
Fraser and Squamish rivers on the mainland shore, and the Cowichan, Nanaimo, Qualicum,
Courtenay, and Campbell rivers on the Vancouver Island shore (Figure 1). During the period
1965 to 1875 escapements to rivers tributary to the Strait averaged about 1.2 million sockeye
{Oncorhynchus nerka), 1.8 million pink (O. gorbuscha) (odd years only), 850,000 chum (O.
keta), 230,000 coho (O. kisutch), and 100,000 chinook (O. tschawytscha) annually. Most of
these fish spawn in the Fraser River (Aro, et al., 1977). The input of juvenile salmon into the
Strait of Georgia each year is substantial; on the order of 300 million in odd years, and an ad-
ditional 200 million pink fry in even years.

Seasonal Patterns of Distribution and Abundance
Chum and pink salmon fry enter the Strait of Georgia as recently emerged fry between

March and May each year. During their first few weeks of ocean residence they congregate
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close to shore in water anly a few cm deep. They occupy these very shallow waters until ear-
ly June. The habitats utilized by the two species are similar, except that pink fry are not abun-
dant in river delta areas while chum are. By early May some of these fish have begun to move
away from the shallow beach areas to rear over deeper water, and by June both species are
abundant in purse seine sets over deeper water (20 to 40 m). Purse seine catch of these two
species in the Strait of Georgia declines during late June and July, and by August few are cap-
tured in the Canadian waters of the Strait (Figure 2, Table 1) (Healey, 1980b; Barraclough and
Phillips, 1978).
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Table 1. Catch-per-set of juvenile salmon throughout the Gulf Islands region of the Strait of Georgia, May-
October 1976 and in the vicinity of Nanaimo, April-December 1975,

Apr. May June July Aug. Sept. Oct. Nov. Dec.

Gulf Islands Region

No. sets 0 40 40 23 45 40 44 0 0
Chum - 4.5 140 71 2.8 1.3 1.8 _ -
Pink — 1.6 660 7.4 11 23 0.3 — —
Coho - 6.0 1.3 5.9 5.2 6.0 1.2 - —
Chinook —_ 0.0 1.7 2.1 2.0 2.8 1.7 -— -
Sockaye — 6.3 7.3 1.4 0.0 0.02 0.1 — —
Nanaimo
No. sets 73 91 54 45 0 7 0 16 q
Chum 2.5 13.5 681.6 8.9 - 1.3 - 0.00 0.00
Pink 2.0 9.0 126.7 16.3 — 0,14 — Q.00 0.00
Coho 0.12 0.13 1.6 2.4 - 2.1 - 1.8 0.00
Chinocok 0.00 0.00 0.80 2.6 —_ 1.6 — 1.7 0.75
Sockaye 0.00 7.2 5.7 0.00 — 0.00 — 0.00 0.00
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Virtually all sockeye salmon juveniles entering the Strait of Georgia come from the Fraser
River. Most migrate to sea in April and May as yearling smolts. but some migrate seaward as
fry and rear in the Fraser River delta until July or August. During April and early May year-
ling sockeye smolts are concentrated in the Fraser plume area near the mouth of the Fraser
River. During late May and June the main concentration of yearling smolts moves south and
west into the Gulf Islands region of the Strait. Catch in the surface waters of the Strait
declines in July and few yearling sockeye are captured in August (Barraclough and Phillips,
1978; Healey, 1980h) (Table 1). Underyearling sockeye smolts apparently enter the Strait of
Georgia in July, and concentrations of these fish occur off the mouth of the Fraser River, and
in the entrance to Howe Sound. Underyearling sockeye are rare relative to the yearling
smolts, howsever, and their length of residence in the Strait of Georpia is unknown.

The decline in catch of pink, chum, and yearling sockeye juveniles in June and July in the
Strait coincides with an increase in the abundance of these species on the outer coast (Hartt,
1980). It seems reasonable to conclude, from the coincidence of these events, that July is the
principal month of outmigration of these three species from the Strait of Georgia. The com-
pleteness of the cutmigration appears to vary from year to year, however, and several
authors have reported considerable numbers of pink, chum, and sockeye still resident in
parts of the Strait and other inside waters after July (Hartt, 1980; Healey, 1980b; D.
Blackbourne, pers. comm.).

Coho salmon enter the Strait of Georgia as yearling smolts during April and May from vir-
tually every tributary stream. Catches in the Gulf Islands region and near Nanaimo remain
relatively constant from May through October with no indication of a substantial outmigra-
tion before winter (Table 1; Healey, 1980b; Schmidt, et al., 1979).

Chinook salmon migrate seaward as recently emerged fry from March to May, as
underyearling smolts in June, and as yearling smaolts from March to May of their second year
(Healey, 1980a, and unpublished data; Reimers, 1971; Rich, 1820). In the Strait of Georgia, fry
migrants rear in marshes and intertidal channels at the river mouths where salinity ranges
up to 24 parts per thousand. They disperse away from these habitats into higher salinity
areas of the Strait in June, coincident with the downstream movement of underyearling
smolts from the rivers. Catch of underyearling chinook in the open waters of the Strait re-
mains rather constant throughout July to November and declines during the winter (Table 1;
Healey 1980a and 1980b). Yearling smolts are common in seine catches in the Strait of
Georgia only during May to July after which they disappear from the Strait (Healey, 1980a
and 1980b).

Relationships with Foraging Success

The above description of the early sea life of salmon demonstrates that they are essentially
transients in any of the habitats that they occupy. Several major redistributions of fish, such
as the movement of pink and chum away from the beaches in May, the movement of chincok
out of estuaries in June, and the movement of pink, chum, and sockeye out of the Strait of
Georgia in July, can be recognized. These redistributions appear to be size-dependent, the
larger fish tending to move first (Healey, 1980b). While the seasonal timing of these
movements could be innate, and related to age or ontogeny, there appears to be sufficient
flexibility in the timing and completeness of each redistribution to suggest that features of
the local environment stimulate the movement of fish. In particular there is evidence that oc-
cupation and abandonment of a particular habitat is, in some instances, related to foraging

success in the habitat.
In the Nanaimo River estuary residence of chum fry was related to the seasonal abundance

of their principal prey species, Harpacticus uniremis. Estimates of the amount of H. uniremis
eaten by the chums were of the same order as estimates of H. uniremis production, leading to
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speculation that the abundance of chums was potentially limited by the production of this
copepod (Healey, 1979; Sibert, 1979).

Comparable data are not available for other nursery areas. Data on stomach content as a
percent of body weight are available, however, and provide a rough index of foraging suc-
cess. Stomach content of pink, chum, and chinook salmon captured in the Nanaimo area was
compared between habitats (river mouth, high salinity nearshore, and offshore habitats) for
three time periods (prior to 15 May when the main concentration of fish was in river mouth
and high salinity nearshore habitats, 15 May to 15 June when pink and chum disperse from
river mouth and nearshore habitats to offshore habitats, and after 15 June when pink and
chum are dispersing rapidly out of the Strait, but chinook are not). Data for chum are from
1975 and 1976, for pinks from 1976 only, and for chinook from 1975 to 1979. Average
stomach content differed significantly between years for both chum (F = 4.947, df 1/243) and
chinook (F = 8.876, df 3/51}, but the seasonal pattern did not differ between years. The data
were, theretore, averaged over years to emphasize the seasonal pattern in the different
habitats (Table 2).

Table 2.  Average stomach content, as percent body weight, of juvenile chum, pink, and chinook salmen in differ-
ent habitats of the Strait of Georgia during river mouth and nearshore residence (prior to 15 May], ofi-
shore movement and residence (15 May-15 June) and the outmigration of pink and chum salmon from
the Strait of Georgia {after 15 June). Temperature range observed during sampling in the different
habitats is also shown,

Rivermauth Nearshore Offshore
15 May- 15 May- 15 May-

Species <15 May 15 June >15June <15 May 15June >15June <15 May 15 June >>15 June
Chum 2.10 3.25 1.34 2,38 3.40 —_ 2.06 288 1.48
Pink - - — 1.52 2.80 —_ 1.73 2.45 1.10
Chinosk 1.73 1.98 1.91 — — — —_ 1.70 1.59
Temp.
Range °C B8-18 10-22 15-24 B-13 10-17 —_ 7-11 10-13 13-17

Feeding pink and chum fry may commonly be observed taking advantage of a variety of
natural food delivery and concentrating mechanisms, such as eddys and current shear lines,
in the habitats they occupy. Shallow nearshore habitats should be characterized by high food
densities for a variety of reasons. In spring, temperature can be relatively high in shallow
water so that food organisms increase in abundance and are more active than in cooler off-
shore waters. The small crustacea on which the fry feed are ten to 20 times more abundant in
the 10 cm of water just above the bottom (Sibert, 1980) and in shallow water the fish can take
advantage of any tendency of prey to concentrate at either the bottom or the surface.
Stomach content data, however, do not confirm that foraging is more successful in near-
shore habitats in spring. Chum stomach contents ranged from 2.06 to 2.36 percent of body
weight and were slightly greater in nearshare habitats than offshore, but the difference was
not significant (F< 1.0). Stomach content of pinks ranged from 1.52 to 1.73 percent of body
weight and was lower in nearshore waters than offshore, but again the difference was not
significant (F< 1.0). Chincok young-of-the-year are restricted to estuaries at this time of
year, a distribution that is probably determined by their physiology rather than food
respurces (Healey, 1980a}. The stomach content of chinook in the estuary averaged 1.73 per-
cent of body weight.

The 15 May to 15 June period appeared to be a time of relatively good foraging for chum
and pink juveniles in all the habitats sampled. Stomach contents of chum were from 2.88 to
3.40 percent and of pink were from 2.45 to 2.80 percent of body weight, significantly higher
in all habitats compared with before 15 May (F = 12.6, df = 1/236; F = 6.09, df = 1/83 for
chum and pink, respectively). Again there was no significant difference between habitats,
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although stomach contents of fish captured offshore were slightly lower than nearshore and
rivermouth habitats (Table 2). Chinook stomach contents were from 1.70 to 1.98 percent of
body weight, unchanged from before 15 May.

After 15 June pink and chum stomach contents were the lowest recorded, 1.10 to 1.40 per-
cent of body weight in offshore habitats, significantly lower than the 15 May to 15 June
period. There was no significant change in the stomach contents of chinook (Table 2). Water
temperature was higher after 15 June (Table 2) and this would result in somewhat lower
average stomach content, even if meal size were the same, because of more rapid digestion.
The observed increase in temperature, however, would result in, at most, a 20 percent reduc-
tion in average stomach content rather than the 50 percent reduction observed. These very
low stomach contents were coincident with the period of rapid migration of pink and chum
out of the Strait of Georgia.

Sampling throughout the Strait of Georgia during July to September of 1975 and 1976
revealed that coho, chinack, and chum differed in abundance between regions of the Strait
of Georgia (Table 3). Chum were most abundant in the Gulf Islands region in 1975 and rare in
the central Strait region. Chum were less abundant throughout the Strait in late summer
1976, and the differences in abundance between regions were proportionately much less.
Coho were most abundant in the Gulf Islands region and least abundant in the Fraser River
plume and central Strait in both years. Like chum, coho were less abundant in 1976 than in
1975, Chinook were most abundant in the Fraser River plume region in 1975. Abundance of
chinook differed little between regions in 1976, although abundance was still greatest in the
Fraser River plume. Chinook were slightly more abundant in 1976 than in 1975. Stomach
contents of fish in these samples did not exceed 1.73 percent of body weight and were often
less than 1 percent (Table 3). Stomach content and abundance [transformed to natural
logarithms) were positively correlated both within and between years for all three species.
For chinook and chum the correlation overall was statistically significant (F = 16.26,
P<0.05, F = 23.57, P<0.01, respectively), but not for coho (F< 1.0}

Discussion

While the data are by no means conclusive, they indicate that distribution and residence of
juvenile salmon in some habitats within the Strait of Georgia were associated with foraging
success, In particular, the emigration of pink and chum juveniles from the Strait of Georgia,
and the regional distributions of chum, coho, and chinook juveniles in late summer were cor-
related with stomach contents. Gccupancy of nearshore habitats by pink and chum in spring
and movement away from shore in May were not correlated with stomach contents, except
that the emigration of chum juveniles from the river mouth habitat of the Nanaimo estuary
was related to a decline in the abundance of their principal prey.

It is not surprising that there was not a universal relationship between distribution and
foraging success. The behavior of Pacific salmon at any time must always reflect some trade-
off between competing needs, as Eggars (1978 and 1980) has suggested. The principal needs
of juvenile salmon appear to be: to obtain food, to avoid predators, and within these con-
straints, to maximize growth rate. The absence of a relationship between distribution and
foraging success in spring and early summer probably indicates that food resources were
adequate in most habitats to provide successful foraging. The distribution of the fish may
then be controlled by another need, such as avoiding predators or taking advantage of
relatively warm nearshore temperatures to maximize growth efficiency [Brett and Higgs,
1870). Growth rate of pink, chum, and chinook during their first few weeks of ocean life is
very rapid (Healey, 1979, 1980a, and 1980b) suggesting that food is not directly limiting at
this time.

After 15 June, when stomach contents generally declined, the fish began to show distribu-
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tion patterns related to foraging success. Presumably, available food resources were now
low enough that the fish had to seek out the best feeding areas to satisfy their food re-
gquirements. For pink, chum, and sockeye, which are largely planktivorous, this meant leav-
ing the Strait of Georgia. Coho and chinook, which are piscivorous, were able to satisfy their
food requirements within the Strait of Georgia.

The capacity of the Strait to support juvenile salmon, and the impact of increasing juvenile
salmaon populations through enhancement, on distribution, growth, and survival, cannot be
estimated directly from these observations. The indication that food resources may be
limiting in late summer, however, warns that the release of large numbers of juveniles from
hatcheries could overload the habitat. What the consequences of such overloading would be
are uncertain. The fish might merely redistribute themselves with no failure of the expected
gain in productivity. On the other hand, the possible failure of haichery releases or the
decline of wild stocks as a result of competition for scarce food resources should not be
dismissed lightly.
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Natural Reproduction of the Far East Chum
(Oncorhynchus keta Walb)

V. L. Kostarev

{Pacific Institute of Fisheries and Oceanography, TINRO, Magadan Branch)

Among all the species of the Pacific salmon the Far East chum is one of the most abundant.
It has been harvested by the Soviet fleet in the coastal area of the Soviet Far East and by the
Japanese fleet on the high seas of the Northwest Pacific and Bering Sea, as well as in the
coastal areas of Hokkaido and Honshu in the last 25 years.

Chum stocks have suffered essential changes during this 25-year period of intensive ex-
ploitation. The aim of the present investigation is to analyze changes in harvesting and
reproduction, and to understand the reasons for reproduction and stock reduction. Reports
of the Soviet-Japan Fisheries Commission, Soviet-Japanese Commission on Fisheries,
INPFC, scientific publications of Soviet, American, Canadian and Japanese scientists and
information from the weather services were used for this investigation. Pata on chum
distribution in the North Pacific, including tagging data, biological materials on the marine
period of life and samples in the coastal areas of the USSR, statistical data on chum catch in
the sea and coastal areas, and estimation data on numbers of chum spawners on the spawn-
ing grounds, were used.

The present report deals with information on the main stocks of the Pacific chum, i.e., the
chum from the rivers of the continental coast of the Okhotsk Sea, the chum from the western
and eastern part of Kamchatka and the Amur River. In these areas natural reproduction is
the basic type of reproduction of chum stocks. For a number of reasons the chum of the
Anadyr River, Primorye territory, Sakhalin and Kuril Island were excluded from the
analysis. In recent years chum from the Primorye territory have been so few that they are not
estimated by the fisheries statistics and their reproduction is at a very low level. The chum
from Sakhalin and Kuril Island are not distinguished in the high seas catches but are counted
together with the Hokkaido and Honshu chum. The chum from the Anadyr River are not
distinguished from the high seas catches at all. As we can see, these were the principal short-
comings of the distribution scheme of different chum stocks in the sea and their distinction
from sea catches worked out by the Japanese scientists. The scheme is based on tagging,
scale structure, biological data (length, weight, maturity, age and sex structure) and migra-
tion data from the sea fisheries research vessels.

According to the scheme, the Northwest Pacific and the Bering Sea are divided into three
areas: A, B and C.

Area A: the Bering Sea. North of 56°N up to meridian 175°E is the western part of the area;
to the east of meridian 175°E and to the north of 54°N is the eastern part of the area. In area
A, in May and June the chum from the eastern part of Kamchatka make up 90 percent of the
catch, and the chum from Sakhalin, Kuril Island, Hokkaido and Honshu is 10 paercent; in July
and August the chum from the western part of Kamchatka is 10 percent and the chum from
Sakhalin, Kuril Island, Hokkaido and Honshu is 20 percent.
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Table 1. Far East chum stock and their exploitation from 1955 to 1979 (mln. specimens).
Periods 1955-1960 1961-1965 1966-1970 1971-1976 1977.1979

average % average % average % average % average %

Okhotsk continental coastal chum

Stock 21.43 9.76 7.80 5.97 4.07

Catch 14.83 B9.2 6.92 70.9 506 BH4.9 464 877 240 59.0
incl. in a sea 8.78 41.0 430 4441 4.02 518 440 73.7 2.07 50.9
coast 6.05 28.2 262 26.8 1.04 13.3 0.24 140 0.33 8.1
escapement to spawning 660 30.8 2.84 2481 274 351 1.33 22.3 167 41.0

Western Kamchatka chum

Stock 12.52 5.60 4,52 5.35 2.80

Catch 1095 B7.4 4.68 B36 406 898 507 94.8 2,56 914
incl. in a sea 5.68 69.3 4.14 73.9 392 867 4.97 929 2.47 88.2
coast 2.27 181 0.54 9.7 0.14 .1 0.10 1.9 0.08 3.2
escapement to spawning 1.87 12.6 092 164 0.46 10.2 0.28 5.2 0.24 8.6

Eastern Kamchatka chum

Stock 4.40 3.88 3.72 4.24 3.06

Catch 265 60.2 2.66 68.6 3.24 87.1 3.97 936 2.33  76.1
incl. in g sea 0.73 16.6 1.40 36.1 280 753 370 872 083 271
coast 192 438 1.26 3253 D.44 11.8 0.27 B.4 1.50 49.0
escapement to spawhing 1.79 39.8 1.22 314 048 12.9 0.27 6.4 0.73 239

Amur chum

Stock 11.09 11.42 9.08 9.08 5.09

Catch 7.07 63.2 8.74 786.5 8.10 B9.2 7.20 78.2 410 80.5
incl. in a sea 4.47 400 512 44.8 5.76 B3.4 587 64.6 2.73 538
coast 2,60 23.2 ez 7 2,34 258 1.33 146 1.37 2869
escapement {0 spawning 412 36.8 268 235 098 108 1.88 207 099 195

Total number of Okhotsk continental coast, western and eastern Kamchatka, and Amur chum

Stock 49.53 30.66 25.12 24,65 15.02

Catch 3556 717 23.00 750 2046 @814 2091 848 1140 759
incl. in a sea 2267 458 1496 458 1650 657 1883 748 8.10 539
coast 12.83 259 8.04 2B.2 386 15.7 1.88 8.0 330 220
escapement to apawning 14.03 283 7.86 25.0 4.66 18.6 3.73 151 362 241

1959/60, it was impossible to compensate for the significant spawner deficiency during these
years. This certainly affected the abundance of the newborn chum generation. In 1961 to
1965, its total stock was reduced to 30.66 million. In 1961 to 1965, a further decrease in the
chum spawning run and its escapement rate was observed. During this period the chum
escapement was 30 percent of optimum and 25 percent of average stock. The sea catch of the
total chum stocks in question was 48.8 percent, though its volume was reduced by more than
7 million as compared to the previous years.

During the years 1966 to 1870 and 1970 to 1976, the chum stocks were decreased further
due to a low reproduction rate in earlier years. From 1971 to 1976 chum stock was less than
50 percent of optimum. Nevertheless, in spite of the continuous chum stock decrease in 1966
to 1970 and 1971 to 1976, the sea catch even increased when compared to 1961 to 1965. Dur-
ing this period the high sea yield was 65.7 and 76.8 percent of total stock, respectively. This
has caused a further decrease in spawning runs and hence a decrease of the coastal catch
and escapement rate. In 1971 to 1976, the coastal catch was less than 10 percent of the level
preceding the beginning of the period of the intensive high sea fishery {or 8 percent of that
period stock) and escapement rate was less than 15 percent of the optimum,
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The extremely low rate of reproduction in 1971 to 1976 was the basis of the unprecedented
decrease of chum stocks (about 30 percent) for the years 1977 to 1979.

The years 1977 to 1879 are characterized by considerable changes in the exploitation
system of salmon stocks because of the introduction of the 200-mile economical zones with
the resultant limitations for the salmon high sea fishery.

Even though the chum sea catch for 1977 to 1979 decreased twice as much as in the
previous years, and had an extremely low stock abundance, it has yet remained very high
{approximately 54 percent) and total yield reached about 76 percent of the stock. In 1977 to
1979 chum reproduction was at the same catastrophicelly low level that resulted in the ex-
tremely low abundance of chum stock in the following years.

Analysis of the data on chum stock exploitation from 1955 to 1979 showed that during this
entire period, heavy overfishing tock place and the yield in these years was 72 to 85 percent
(some stock vields reached 95 percent) of the stock. The main chum harvesting (over 50 per-
cent and sometimes up to 60 to 77 percent) of the chum stock resulted in a lack of spawners
in spawning grounds and a subsequent decrease in reproduction. The combined influence of
these factors exceeded the level of species adaptation and anthropogenic factors played a
leading part in this case. Table 2 shows how this factor influenced the reproduction with the
data on chum escapement rate.

Table 2. Chum escapement rates {%).

Areas/Periods 1955-1960 1961-1965 1966-1970 1971-1976 1977-197%
Continental coast, Sea of Okhotsk 60.0 25.8 24.9 12.1 15.2
Waestern Kamchatka 26.2 15.3 7.7 4.7 4.0
Eastern Kamchatka 70.0 48.8 19.2 10.8 29.2
Amur River 74.9 48.7 17.8 34.2 18.0
Average by all regions 56.1 30.6 18.6 14.9 14.5

The optimum 100 percent escapement rate was that observed in 1945 to 1955.

Table 2 shows that during 25 years of highly developed sea fishery in all the main regions
of chum reproduction, the steady reduction of the escapement and reproduction rates was
ohserved (the latter reduced seven times).

Nevertheless, up to now the chum sea catch was very high. It is explained, particularly in
the last decade, by large quantities of immature and young fish in sea catches. This has ex-
cluded the possibility of a reproduction increase and leads to the loss of the potential
possibility of biopraduction increase as the average weight of the 3-year fish is half that of the
5.year fish. Last year the immature fish made up approximately 50 percent of the total annual
chum catch on the high seas. Data on the age composition show that old age groups of fish in
chum stocks have almost disappeared and do not reach 5- and especially 6-years of age. At
" the same time, the quantity of young fish (2-year +} has increased considerably in catches. It
has been observed in the catches of both motherships and southern drifters. Similar changes
of the age composition were observed in catches of south drifters.

If we take the chum age composition (Table 3) in catches of 1956 to 1960 for the natural

Table 3. Chum ags composition in catches of motherships.

Age (%)
1+ 2+ 3+ 4+ 54+
1856-1960 7.3 65.1 26.0 1.6
1961-1965 9.0 67.2 22,6 1.2
19668-1970 16.8 67.5 15.8 D.1
1971-1974 0.04 28.3 63.9 7.7 D.08
1975-1978 (.08 379 57.3 4.8 0.02
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Area B: the Commander-Aleutian area. The northern perimeter borders the southern limit
of area A; in the west its southern border stretches from 48°N to 165°E; in the east it stretches
along 46°N to 165°E. In May up to 80 percent of the chum of the Okhotsk continental slope
and 20 percent of chum of the western Kamchatka are caught in this area. In June the catch
comprises 60 percent chum from the Okhotsk continental slope and 40 percent chum from
western Kamchatka. In July and August it is 70 percent western Kamchatka chum, 20 per-
cent chum from the Okhotsk continental slope and 10 percent of the Sakhalin, Kuril Island,
Hokkaido and Honshu chum. _

Area C: the southern area. In June and july the catch in this area was 60 percent Amur
chum, 20 percent from the Qkhotsk continental slope and 20 percent from the western
Kamchatka. In July and August it consisted of 100 percent Amur chum.

The term “stock” adopted by the Soviet-Japanese Fisheries Commission for salmon means
the sum of sea catch, coastal catch and escapement to spawning grounds; that is:

N =C + R + P, where
N = stock
C = sea catch
R = coastal catch
P = escapement to spawning grounds

In the first and following periods, the chum escapement to spawning grounds is calculated
with low accuracy. It is based on the data on chum air and land cbservation stations in the
rivers of different regions of the Far East.

Conventionally, we take 1955 to 1960 for the period of exploitation of optimum reproduc-
tive chum generation, with an annual stock average of about 500 million fish, with a 30 to 70
million fish fluctuation per year in the four main reproductive areas (Table 1): the Okhotsk
continental slope, the western Kamchatka, the eastern Kamchatka and the Amur River. The
annual catch until 1855 averaged 20 million fish or about 40 to 60 percent of the stock. About
20 million fish escaped to the spawning grounds for reproduction. We agree that the escape-
ment of 60 percent of the chum stock to the spawning grounds is probably exaggerated and
in some years the catch could be increased to 50 percent on the average.

The annual escapement of about 25 million fish to the spawning grounds, including
escapement of 11 million to rivers of the Okhotsk continental slope, 6 million to the western
Kamchatka rivers, 2.5 million to the eastern Kamchatka rivers and 5.5 million to the Amur
River, is quite enough for the optimum level of natural chum reproduction in rivers of the
areas in question.

The intensive high seas catch in 1955 to 1960 broke the optimum *yield-escapement” ratio
and caused a significant decrease in escapement to spawning grounds and a heavy increase
in fisheries. During this period the harvest was about 71.7 percent, including 45.8 percent of
the sea catch and 25.9 percent of the coastal catch. The western Kamchatka chum was the
most heavily fished. Its high sea catch averaged 69.3 percent and the coastal catch decreased
to 18.1 percent. In 1955 to 1960 the total catch of the western Kamchatka chum averaged 87.4
percent.

In 1955 to 1960, the chum escapement to spawning grounds averaged about 14 million
(28.3 percent of chum stock of this period) or 56 percent of the optimum spawning grounds
capacity. As a result, the rate of reproduction was significantly reduced and chum escape-
ment to western Kamchatka spawning grounds was only 12.6 percent of the total stock in
this area or 26 percent of optimum capacity of the spawning grounds. The decrease of chum
numbers in the spawning grounds in the Far East rivers, and especially those in western
Kamchatka, is connected to the significant reduction of the chum run to the coastal area. As
a result, the coastal catch was 36 percent lower than in previous years.

In 1961 to 1965, chum stocks were formed by 1955 te 1960 year classes. In spite of the
favorable conditions for natural reproduction in the winter periods of 1955/56, 1956/57 and
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ratio of ege groups in mature parts of the population, then the increase of the young fish in
the next years shows the obvious violation of the chum population structure; though one can
surely say that in fact the age composition is quite different because of salmon fishing gear
selectivity (at that time 55 mm mesh nets were used for these old age fish which were fished
to a lesser extent than young ones).
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Proc. Ne. Pee. Aguaculivre Symp.,
Aug. 1980, Anchoroge. Alaske

Temperature Regime in the Northern Part of the North Pacific
in the Years 1962-1971

Tokimi Tsujita

{Faculty of Marine Science and Technalogy, Tokai University}

Abstract

In order to know how to utilize the results of observations made by the fishery research ships authorized by the
Fishery Agency of Japan during the years from 1962 to 1971, ebserved records were arranged for every statistical
quadrant {one degree square), and data on water temperaiure were analyzed by the computer.

According to Table 1, shown as an example of the results, an aren covered by the temperature quadrants over 5°C
at zero m layer is most extensive in July and narrowest in May. The author should report syme other results on the
structure of temperatura fields by applying colored grids.

Table 1.  Number of the temperature quadrant (= area of a temperature range at the layer Om, 10m and 50m in
May, june, July and August for ten years 1962-1971.

Temperature
range Over 5°C  4.00-4.99°C 3.00-3.99°C 2.00-2.99°C 1.00-1.99%C 0.00-0,99°C Below 0°C
Month Depth (m]

Om 25 115 44 1 0 0 0

May 10m 14 85 42 9 0 a 0
50m 1 34 102 28 8 1 0

m 307 20 1 1 0 a 0

June 10m 246 81 8 0 0 1 0
50m 21 83 121 66 26 1 1

Om 332 0 0 0 0 0 0

July 10m 304 1 1 0 0 0 0
50m 73 78 66 76 12 2 1

Om 121 0 0 0 0 0 0

August 10m 73 0 0. 0 4] 0 0
50m 21 9 14 15 6 1 1
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Proe. No. Pac. Aquoculiure Symp.,
Aug. 1880, Ancheroge, Alaska

Some Hatchery Strategies for Reducing Predation upon
Juvenile Chum Salmon (Oncorhynchus keta) in Freshwater

Kurt L. Fresh,* Rick D. Cardwell,** Bruce P. Snyder***
and Ernest O. Salo***

{(*Washington Department of Fisheries, Olympia, Washington; **Envirosphere Company, Bellevue, Washington;
***Fisheries Research Institute, University of Washington, Seattle, Washington)

Abstract

In the pilot phase of a multi-year study, the effectiveness of some artificial propagation strategies in reducing
freshwater predation upon juvenile chum salmon (Oncorhynchus keta) was experimentaily tested. Studies were con-
ducted by releasing marked and unmarked groups of fed and unfed chum juveniles into a small stream and recap-
turing them at a downstream weir. The freshwater survival of these groups was measured as a function of group
size at release, time of release, release location, fish size at release, and day versus night hatchery feeding.

In the experiment sfudying the effacts of releasing different numbers of juvenile chum, freshwater survival varied
from 40 percent when 517 fry were released to 92 percent when over 50,000 were released. In trials when the time
of release was varied, survival was 73 percent for unfed fry released approximately 1.5 hours before sunset as op-
posed to 80 percent when released approximately 1.5 hours alter sunset; survival was also estimated to be greater
for both diurnally and nocturnally fed chum that were released at night (2345 hr} than during the day (1100 hr).
When studying the effects of downstream migration distance, 48 percent of the fry survived when released 10.0 km
ahove the weir as compared to 74 percent when released 2.3 km above the weir. In an experiment comparing the
survival of fed and unfed chum, 46 percent of a group of unfed fry (x = 39.2 mm fork length) survived as compared
to 85 percent of a group of fed chum (x = 55.7 mm fork {ength). Nocturnal feeding appeared to result in a slight sur-
vival advantage relative 1o diurnal feeding when chum were released in the day.

The freshwater survival of juvenile chum salmon can be increased with hatchery practices that: mimic natural
behavior patterns {e.g., by releasing fish at night), minimize downstream travelling distance, feed fish in haicheries
at night, release bigger chum, and release larger numbers of chum.

Introduction

It has long been recognized that predation can be an important cause of mortality of
juvenile Pacific salmon (Oncorhynchus spp.), particularly in freshwater (Abramov, 1953;
Bakshtanskii, 1970; Eggers, 1978; Foerster and Ricker, 1941; Hunter, 1958). Several studies
have estimated that up to 85 percent of juvenile salmon outmigrants can be removed by
freshwater predators (Hunter, 1959; Neave, 1953; Semko, 1954}. Because of the potential
magnitude of predation mortality on juvenile salmon and its significance in salmon popula-
lion dynamics, we initiated a research program in spring 1980 at the University of
Washington's Fisheries Research Station at Big Beef Creek, Washington, to: 1) investigate
freshwater predation of juvenile chum salmon [O. keta); and 2) study means of minimizing
freshwater losses of chum to predators. Chum were chosen for study because this species
has been selected recently for massive enhancement efforts in Washington state. Ex-
periments conducted during the pilot phase of the program are described in this paper. Our
first-year studies sought to experimentally test the effectiveness of several hatchery practices
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in reducing freshwater losses of juvenile chum to predators following release. While we ex-
pect techniques that increase the freshwater survival of salmon to translate into increased
adult survival, only by studies spanning the entire life cycle can this be confirmed.

Studies were conducted by measuring the survival and describing the migratory behavior
of groups of fed and unfed juvenile chum salmon between the time of their release into Big
Beef Creek and subsequent arrival at a weir situated at the stream’s mouth. Qur experiments
examined the effects of different release numbers, day versus night hatchery feeding, time of
release, migration distance, and chum size at release.

Experimental Design

Study Stream

Big Beef Creek is a small, lowland stream draining into the eastern side of Hood Canal, a
fiord-like extension of Puget Sound with spring stream flows typically ranging from 0.4 to
2.5 m?® sec™. Originating in marshes and beaver ponds, the stream cdurses 8.0 km into a
198-hectare reservoir before descending 10.0 km through a steep gully into Hood Canal. A
permanent upstream-downstream fish trap and weir, which can trap all ascending adult
salmon or descending juveniles, is located at the mouth of the stream. The principal, poten-
tial predators of juvenile chum in this stream are coho salmon (Q. kisuich), cutthroat trout
(Salmo clarki), rainbow (steelhead} trout (S. gairdneri), prickly sculpin (Cottus asper), and
coastrange sculpin (C. aleuticus) (Fresh, et al., in prep.); small mammals and birds such as-
otters and kingfishers may also eat juvenile chum.

Fish Handling Procedures

Big Beef Creek has early, middie, and late timed chum runs from which the fry normally
migrate seaward from late January through June. Upstream escapements of adult chum were
conirolled to create a period of time when no wild fry were emigrating that was also prior to
the peak emigration in May and June of three major chum predators: coho salmon, steelhead
trout, and cutthroat trout. Accordingly, experiments were conducted in March and early
April 1980. Egg takes were manipulated to ensure that experiments were completed during
this period.

Experimenis were carried out using only the progeny of the native chum salmon stock of
Big Beef Creek. All eggs were incubated in 10°C well water in Heath incubator trays with 1.5
inch bioring substrate until the Kp (in a condition factor after Bams, 1967 and 1970) of the fry
was between 1.80 and 1.89; at this time, they were judged ready for release or transfer to
tanks for feeding studies.

Most groups of chum were spray-marked with different colors of fluorescent pigment
prior to release, using procedures described by Whitmus and Olsen (1979), in order to
distinguish experimental groups. Groups of unmarked (i.e., not subjected to the complete
marking procedure) and marked chum were released simultaneously on several occasions to
evaluate whether the marking procedure may have imposed a stress that increased
vulnerability to predators. Unmarked groups and the marked groups being tested were
treated identically, with the exception of the complete marking procedure.

Handling procedures were standardized for all experimental release groups. Marked (and
unmarked) groups were held for approximately 48 hours after marking to evaluate mortality;
the majority of chum injured by the marking procedure died within 24 hours after marking.
Most survivors of each group were then transported to the stream where they were ac-
climated for 1.5 hours and released. The remainder (100 to 600 fish per group) of each group
(i.e., those fish not released) was retained in order to measure mark retention and further
mortality. Mark retention was determined for each group at release and after the majority of
the group had reached the weir (usually within 24 hours after release) by examining fish from
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the group that was retained; there was no significant difference between pigment retention
at release and 12 to 24 hours later (Mann-Whitney U-test, p> 0.05).

Weir Monitoring and Catch Processing

Fish catches at the weir were enumerated every 0.5 to 2.0 hours throughout the study. All
fish were identified and counted (individually or, when catches exceeded 5,000 fish per
night, gravimetrically) and a portion of the catch of each species measured for length (fork
length [FL] to the nearest 1.0 mm for all salmon) and weighed (nearest 0.01 g). All chum or a
random suhsample were examined for the presence of fluorescent pigment.

Calculation of Juvenile Chum Survival

Freshwater survival was determined by using only chum with pigment and was calculated
as the ratio of the number of chum with pigment released upstream. Survival estimates were
for the 48-hour period after release, as results showed mast (> 97 percent) outmigrants from
experimental releases reached the weir within this period. We assumed chum not recaptured
were mortalities resulting from predation. Marked chum were found in the stomachs of
predators caught at the weir and by electroshocking, and predators were observed actively
feeding on chum immediately after chum were released (Fresh, et al., in prep.). Studies in
other similar streams (e.g., Hunter, 1959) with comparable predator species also attribute
most losses of juvenile salmon to predation. In future studies, we will seek to more directly
relate observed losses of juvenile chum to freshwater predator populations and consumption
rates,

Experimental Releases

Effect of the Numbers of Fry Released

Current hatchery practices regarding the number of salmon per release vary considerably,
ranging from large, single releases to volitional releases where smaller numbers are allowed
io migrate at intervals over several weeks. However, the survival of a group of salmon can
perhaps directly relate to the numbers released (i.e., density) (Peterman and Gatto, 1978). To
determine the relationship between survival and numbers of chum released, five groups of
unfed fry, ranging in number from 517 1o 50,155 fish, were released at river kilometer (RK)
2.3 within an 11-day period (Table 1),

Effect of Time of Release

Since juvenile salmon predators are primarily visual feeders (Patten, 1971; Eggers, 1978)
and chum fry naturally migrate mostly at night (Hunter, 1959; Kobayashi, 1958 and 1964;
Neave, 1955), survival should be greater for chum released at night than during the day. To
test this, unfed and fed chum were released at RK 2.3 at times between 1100 and 2345 hours
(Table 1).

Effect of Migration Distance

Unfed Iry were released approximately 1.5 hours before sunset at RK 2.3 on 18 March and
at RK 10.0 on 23 March to determine how migration distance, and therefore exposure to
predators, affects survival (Table 1},

Effect of Nocturnal Versus Diurnal Hatchery Feeding

Several studies suggested that diurnal feeding (i.e., rearing) in hatcheries may condition
salmon fry to behavior patterns that increase their vulnerabililty to predation (Volovik and
Gritsenko, 1970) and reduce their growth (Kobayashi, 1960), as compared with feeding at
night. To test the effects of nocturnal versus diurnal hatchery feeding on chum growth and
vulnerability to predation, two groups of chum were reared in identical tanks on QOregon
Moist Pellets and fed at 5 percent body weight per day. With automatic feeders, one group
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was fed during the day and the other was fed at night. The biomass of chum in each tank was
equalized by twice weekly adjustments of fish. Portions of both groups were released con-
comitantly at 1100 hours on 6 April and 2345 hours on 9 April (Table 1) after one group had
reached an average weight of approximately 1.1 g, the approximate size at which chum are
released from Washington Department of Fisheries (WDF) hatcheries (Antipa, 1980).

Effect of Chum Size at Release

That size is an important factor affecting the survival of juvenile salmon has been
demonstrated in a number of studies (e.g., Bams, 1967; Beall, 1972}, In Japan, the recent in-
crease (since 1970} in chum salmon populations has been largely attributed to rearing chum
to a larger size before release (Kobayashi, 1976). The WDF also regularly rears chum prior to
their release {Antipa, 1980). To determine whether releasing larger chum improves survival
during the freshwater outmigration, similar numbers of fed (X = 55.7 mm FL} and unfed
chum (X = 39.2 mm FL) were released at RK 2.3, approximately 1.75 hours before sunset
(Table 1).

Results and Discussion

Chum Behavior

To determine how long it would take the majority of a group of chum to reach the weir
after release, and thus define the rate at which experimental releases could be made, one trial
group of fed and one group of unfed chum juveniles were released at RK 2.3. Plotting the
cumulative percentage of the number of chum arriving at the weir to the number released
over time for the two releases (Figure 1) indicated that most chum left the stream rapidly
(within 48 hours) after release.

Over 99 percent of all chum captured entered weir traps at night, regardless of size at
release, release time, or distance traveled. Studies of wild chum fry behavior also show that
most fry movement occurs at night (Hunter, 1959; Kobayashi, 1958 and 1964; Neave, 1955),
apparently because juvenile chum are especially sensitive to light (Neave, 1955). Even bright
moonlight can inhibit migratory activity (Kobayashi, 1964). However, as McDonald (1960)
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Figure 1. Cumulative percentage of the number of chum arriving at the weir to the total released over time for one
test release of unfed and one test release of fad chum juveniles. Both releases took place from RK 2.3;
1,000 unfed chum fry were released on 8 March and 287 fod chum were released on 2 April. (Note:
becanse the number of fish released in each group was different, it iz not possible to compare the sur-
vival of the two groups.}
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and Bakshtanskii (1970) indicate for pink salmon (0. gorbuscha) fry, the tendency for chum to
migrate during the day probably increases when downstream travel distance increases.

Effect of Marking

Groups held after marking had significantly more mortalities after 48 hours than did
groups that were otherwise similarly treated but not subjected ta the complete marking pro-
cedure (Mann-Whitney U-Test, p< 0.01).

Expected recoveries of marked chum were estimated by assuming that for chum subjected
to the marking procedure, the presence or absence of pigment on chum did not affect
vulnerability to predators. For each trial, the rate of the number of chum released with pig-
ment to the total released was multiplied by the recoveries at the weir within the 48-hour
period after release. We believed mixing of unmarked fish from successive releases would be
minimal because chum rapidly emigrated. For the two trials with unfed fry, the observed
recoveries of marked chum were less than expected by 10.9 percent and 0.2 percent (Table
2), suggesting the marking procedure did not substantially increase vulnerability to preda-
tion,

For fed chum trials, the observed recoveries were fewer than expected by 2.3 percent in the
test with diurnally fed chum and greater than expected by 8.7 percent in the test with noctur-
nally fed chum (Table 2), again suggesting the marking procedure did not substantially in-
crease vulnerability to predation.

Table 2. Results of experiments to study whether spray-marking juvenile chum salmon increases their vulner-
ability to freshwater predatars after release inio Big Beef Creek, Washington, March-April, 1980.

Date and Estimated number  Expecied marked Chserved marked % Deviation

time of chum released recoveries recoveries from the
Group released with pigment after 48 hr after 48 hr expected?
Unfed 3161947 580 521 464 -10.9
Unfed 3/18—1700 693 508 507 -0.2
Fed
(diurnally fed) 4/6 —1100 490 360 352 2.4
Fed
(nocturnally fed)  4/9 —2345 583 507 551 +8.7

1Expecied >ohserved = -
Expected < observed = +.

Effect of Numbers of Fry Released

Freshwater survival increased non-linearly with numbers of unfed fry released, ranging
from 40.3 percent when 517 fry were released, to 91.5 percent when 50,155 were released
(Figure 2). The percentage gain in survival was substantially greater for low numbers
released than for high. The relationship of mortality to the numbers released (density) in-
dicated that maortality was inversely density-dependent (depensatory [Neave, 1953]). The
migration behavior of the five groups was generally similar, except that a greater percentage
(approximately 8 percent versus approximately 1 percent) of the smaller groups (< 1,300
released) emigrated after the first 24 hours,

Effect of Time of Release

For the trial with unfed fry, survival was 80.0 percent when released 1.5 hours after sunset
and 73.3 percent when released approximately 1.5 hours before sunset. For diurnally fed
chum, survival was 93.7 percenl when they were released at 2345 hours and 71.8 percent
when released at 1100 hours. For nocturnally fed fish survival was 94.5 percent versus 80.7
percent for release at 2345 hours and 1100 hours, respectively. However, the different com-
position of the two fed trials may have biased the survival estimates. The release at 1100
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Figure 2. Freshwater survival of unfed chum fry released into Big Beef Creek as a function of numbers released.
All releases took place from RK 2.3, 1.5 hours before sunset, 20-31 March 1980.

hours had twice as many diurnally as nocturnally fed fish while the night release was op-
posite (Table 1); as a result, some of the observed difference in survival may be a function of
the differing densities of chum from each feeding strategy in the two releases. The difference
in survival between the day and night releases of both rearing strategies was substantial
enough that we feel the direction of the differences would remain constant, only the absolute
value would change.

Effect of Migration Distance

Survival was estimated to be 73.7 percent for unfed fry released at RK 2.3 and 48.2 percent
for release at RK 10.0, showing that increased exposure to predators decreases survival. Qur
results are consistent with those of Cameron (1958) and Foerster (1968) for pink and sockeye
salmon (0. nerka) fry, respectively.

The first migrants arrived within 0.5 hours and 7.5 hours from release at RK 2.3 and RK
10.0, respectively. Increasing the migration distance did not increase the proportion of fish
recovered in the day since less than 0.5 percent of fry from release at both locations were
caught at the weir during the day. Greater distances than we tested are probably needed to
increase the degree of daytime movement. McDonald (1960) found that, in general, the
degree of daytime movement of pink salmon fry increased with increasing distance fry might
have traveled. At one site where the spawning grounds extended 88 km above the trapping
site, McDonald captured 65 percent of the pink fry in the day, whereas at another site where
the spawning grounds extended 6 km above the site, no fry were captured during the day.

Effect of Nocturnal Versus Diurnal Hatchery Feeding

At releass, chum fed in hatchery tanks during daylight hours averaged nearly 3.0 mm
longer in fork length than chum fed at night. While the difference in size may reflect & better
growth potential of the diurnally fed fish, it may also be a result of: 1) insufficient illumina-
tion for the nocturnal group: or 2) inconsistent feeding of the nocturnal group. When
daytime and nighttime fed fish were simultaneously released in the day, the freshwater sur-
vival of chum fed at night was greater than for chum fed in the day (80.7 percent versus 71.8
percent) (Table 3). The difference in survival was much less (Survival was 93.7 percent for
the daytime fed group as compared to 94.5 percent for the night fed group.} when the two
groups were released simultaneously at night. Nocturnally fed fish may have had better sur-
vival when released during the day because they were conditioned to relatively greater inac-
tivity (e.g.. hiding) during daylight hours when visual predators would be most effective
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Table 3. Comparison of the freshwater survival in Big Beef Creek of chum salmon juveniles fed during
the day and at night, April 1980.

Rearing Date Time Marked (M) or Number Percent
schedule released released unmarked (U) released survival
Diurnal 416 1100 M 551 71.8
Nocturnal 4/6 1100 M 548 80.7
Diurnal 4/6 1100 8] 805 —
Total released 1,704

Nociurnal a/9 2345 M 793 94.5
Diurnal 4/9 2345 M 750 91.7
Nocturnal 4/9 2345 U 817 -
Total released 2,360

(Volovik and Gritksenko, 1970). On the other hand, diurnally fed chum may have been condi-
tioned to greater activity in the day, and thus more subject to predators. However, potential
biases (i.e., the different ratios of diurnally and nocturnally fed fish that were released each
time) that have been previously discussed may have affected survival estimates.

Effect of Fish Size at Release

Survival of unfed chum fry was 46.2 percent as compared to 84,7 percent for the larger, fed
fish. Other studies have pointed out the importance of size of salmon to survival. Bams {1987)
found that the performance of sockeye fry in predation vulnerability and stamina tests was
directly related to size. Hiyama, et al. {1972) released two groups of different sized chum into
the Otsuchi River of Japan and estimated that 90 to 100 percent of the larger chum (X = 50
mm FL) as compared with 60 to 64 percent of the smaller chum (x = 36 mm FL} reached a
downstream fish trap within the three-day test period. Beall (1972) found that smaller chum
were selectively preyed on by coho but not by cottids.

Hatchery Practice Implications

In this preliminary phase of our studies we have examined how the freshwater losses of
juvenile salmon, primarily due to predation, can vary with artificial propagation strategies.
While predation has manifold and complex attributes that will be unique to each system, our
results suggest hatchery practices that can reduce freshwater predation on juvenile chum
salmon. These practices should be applicable not only to chum salmon but also to other
salmon species because similar basic principles are involved.

Results of our time of release experiments suggest that chum should be released at night,
since during darkness chum have the best chance of avoiding visual predators. This practice
mimics a natural behavior pattern of chum and its success suggests that other practices that
mimic natural behavior patterns will increase freshwater survival. This conclusion is sup-
ported by other investigators who have found that survival can be increased by: incubating
in gravel {e.g., Bams, 1972), avoiding light during incubation (e.g., Smith, 19186), releasing fry
according to the natural timing of runs {Kobayashi, 1876), and releasing fry during advan-
tageous environmental conditions (e.g., high river velocity and turbidity) (Ginetz and Larkin,
19786).

Our initial results indicated that feeding chum in hatcheries at night can also increase
freshwater survival. However, problems with our experimental design necessitate further
studies to determine differences in growth patterns and predator vulnerability.

Releasing larger numbers of chum at one time should alse result in increased survival,
which suggests that such practices as volitional releases may result in decreased survival.
Volitional releases may also be counterproductive in that they probably altract predators in
unnecessarily large numbers and hold them in the area of release. It is not possible at this
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time to determine whether optimum release numbers can be universally predicted because
predator populations and environmental conditions may be too variable year-to-year and
stream-to-stream. However, results of enhancement efforts may not be as great as expected
until we can determine at what release densities predators are swamped (Peterman and Gat-
to, 1978). Release densities should be considered in the context of food limitations in
estuarine and marine rearing areas as well because extremely large releases may exceed car-
rying capacities and result in lower survivals (Simenstad, et al., in prep.).

Releasing larger chum, as is currently widely practiced, will also increase freshwater sur-
vival. Emphasis should be placed on establishing rearing regimes whereby releases will coin-
cide with natural emigrations and maximum marine food supplies (Kobayashi, 1978).
Releases should occur before marine water temperatures reach 15°C since growth, appetite,
food conversion efficiency, and digestion rates may decline at temperatures above 15°C
(Brett and Higgs, 1970).

Releases of juvenile chum should occur as close to estuaries as possible, since the further
chum must migrate, the greater their exposure to predatars and the higher the losses. New
culturing facilities should be sited as close to estuaries as possible to minimize the distance
chum have to iravel in freshwater.
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Abstract

Influence of the marine environment on age and size at maturity, sarly marine growth, and abundance of chum
salmon, Oncorhynchus keta, from Olsen Creek in Prince William Sound, Alaska, was studied during the years 1959
to 1978 {Helle, 1979).

Age compaosition of the spawners returning to Olsen Creek varied from year to year; but they were predominately
3-, 4-, and 5-year fish. Some 6-year fish returned between 1968 and 1975, but this age group usually did not represent
more than 1 percent of the returns. Mean age composition for the broed years 1956 to 1972 for males was 15, 66, and
19 percent for 3-, 4-, and 5-year fish, respectively. Mean age composition for females of the same broods showed
higher percentages of older fish: 9, 67, and 23 percent for 3-, 4-, and 5-year fish, respectively.

interseasonally, mean age at maturity increased as number of fish in a brood increased. Intraseasonally, age of
new chum salmon spawners at Olsen Creek decreased as the season progressed. Mean size of older spawners was
significantly larger than the mean size of younger spawners, but the ranges in size of the three age graups overlap
each other so size is not a good criterion for estimating age of chum salmon.

Numbers of circuli and distances between annuli on adult scales were used to estimate growth of chum salmon
during their first two years at sea. Growth during the first year at sea was related to sea-surface temperatures and
marine weather parameters in Prince William Sound and in the northern Gulf of Alaska. Growth during the first
year at sea was not significantly related to age at maturity; however, growth during the second year at sea was
negatively related to age at maturity.

Size at maturity was related to sea-surface temperatures and marine weather parameters in the northern Gulf of
Alaska and Prince William Sound during the year of return. Fluctuations in size at maturity were more similar be-
tween fish {from different broods returning during the same year than between fish from the same broods maturing
at different ages. A highly significant relationship was found between survival of progeny and mean size of the
parents,
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Sockeye stock spawning in the basin of the Ozernaya River and primarily in Kurilskoye
Lake represents one of the largest local stocks of Oncorhynchus nerka Walb on the Asian
coast of the Pacific.

The state of Ozernaya sockeye stock has been studied since 1940. There are studies on fluc-
tuations in sockeye abundance (Krogius and Krokhin, 1956; Egorova, et al., 1961), methods of
distinguishing sea catches (Krogius, 1967) and influence of the harvesting on abundance
(Krogius, 1961; Menshutkin and Kislyakov, 1968; Seliphonov, 1975). Most of these were car-
ried out when the stock abundance was sufficiently high to provide a balance between
harvesting and escapement.

The task of this work is to assess the present state of Ozernaya sockeye stocks and in-
vestigate the influence of the high sea fisheries on fluctuations in its abundance.

Materials and Methods

Data on ichthyological samples were taken in the areas of the Ozernaya River and
Kurilskoye Lake during 1940 to 1979, and from reports of the Soviet-Japanese Fisheries Com-
mission as well.

The number of spawners was determined by their total estimation on the counting fence of
the Ozernaya River. Fish quantity, size, and sex structures in the coastal catches were
calculated by the medium weight of sockeye determined during biological analysis.
Ozernaya sockeye has been distinguished from the sea catches by the methods of F. V.
Krogius (1867) and modified by M. M. Seliphonov (1975) which provides an analysis of
sockeye distribution by the areas and time as follows: a) age structure of the stock; b) scale
structure; and c) run terms and the state of the reproductive organ maturity.

The Results of the Investigation

Ozernaya sockeye stocks are estimated by three indices: escapement rate of spawners and
two volumes of coastal and sea catches.

The period from 1940 to 1875, when abundance of the whole mature part of the stock had
been determined by the degree of the fisheries’ influence and the state of Ozernaya sockeye
abundance, may be divided into five stages (Table 1). The first stage covers 1940 to 1944 with
sackeye data- provided by the Soviet and Japanese fisheries in the coastal waters of
Kamchatka. The second stage was 1945 to 1952 when sockeye were harvested only by the
Soviet coastal fisheries, The third stage (1953 to 1963} was the peak of the sea fisheries with
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Table 1. Mature part of Ozernaya sockeye stock.

Years of  Numbers of  Catches Escapement Catches Mature part Intensity of
Periods spawning SpAWNETS inthe sea  in the river in Japan of the stock the fisheries

in thousands

1 1940-1944 1140 962 2102 3274 5376 4236
2 1945-1952 2469 2779 5248 96 5344 2875
3 1953-1963 1143 1186 2329 4221 6550 5407
4 1964-1969 670 471 1141 2770 3911 3241
5 1973-1975 438 221 659 1370 2029 1591
6 1976-1979 987 168 1159 - — —
percents from the mature part of the stock

1 1940-1944 21.21 17.89 39.10 60.90 100.0 78,79
2 1945-1952 46.20 52.00 98.20 1.80 100.0 53.80
3 1953-1963 17.45 18.11 35.56 654.44 100.0 B82.55
4 1964-1969 17.13 12.04 29.17 70.83 100.0 82.87
5 1970-1975 21.58 10.89 32.48 67.52 104.0 78.41

intensive fishing of Ozernaya sockeye in the high seas. Since 1964, however, the fishing in-
tensity has remained constant, but the abundance of the mature portion of the stock has been
declining. Since 1870, the total abundance of Ozernaya sockeye has stabilized at an extreme-
ly low level of 1.5 to 2.3 million fish. The intensity of the fisheries decreased somewhat main-
ly in the coastal fishery from 82.87 to 78.41 percent, but was still at a very high level.

In the fifth stage, the number of spawners decreased 2.6 times as much as the 1953 to 1964
period and 5.6 times the period of 1945 to 1952. From 1976 to 1979, an apparent increase of
sockeye escapement was observed.

In these years, the harvest of Ozernaya sockeye was fixed in the range of 200,000 fish. In
1970 to 1975, a considerable reduction of sockeye catch by the coastal fisheries was
observed. In this period, the catch in the river decreased 12.6 and 5.4 times, respectively, as
compared to the second and the third periods. Along with the decrease of fish caught by the
coastal fisheries in the second period and later on, the share of the coastal catches in the total
abundance of the mature portion of the stock also declined.

The high seas fisheries have been developed since 1952. In 1955 to 1957, sockeye catches
reached a maximum with an annual catch of 10 te 20 million sockeye. Ozernaya sockeye
ranged from 35.6 to 51.6 percent of the total catch of sockeye. Later on these percentages
decreased along with the decline of the total catch. In 1870 to 1975, the harvest was from 16.3
to 31.9 percent (average of 20.6 percent). The absolute number of Ozernaya sockeye caught
on the high seas in 1974 totaled 0.9 million. In 1957, this catch did not exceed 7.1 million.
From the start of the fisheries up to the fifth period, the total catch of Ozernaya sockeye in
the high seas has decreased by 3.1 times. However, the intensity of the high seas fisheries re-
mained high. The intensive harvesting of the mature portion of the stock [on the order of 80
percent) is probably the main reason for the reduction in the abundance of Ozernaya sockeye
stack (Table 2).

Another important reason for the decline of stocks was a considerable catch of immature
fish in the Northwestern Pacific. Before the fishery was started in the area south of 48°N
(1967), the harvest of Ozernaya sockeye was about 20 percent (average of 15.54 percent) of
the total catch. Later on, as the average yield of the mature fish dropped, the number of im-
mature sockeye in the catch increased to about 37.42 percent. As shown earlier, the harvest
of the immature fish is very unreasanable (Seliphonov, 1978} since it leads to the loss of
biomass of the caught fish on the one hand and reduces recruitment on the other hand. It has
been determined that not more than 10 percent of the immature fish may be caught without
any detriment to reproduction. For this reason, it is necessary to completely stop harvesting
sockeye in the area south of 480N.
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Table 2. Catches of Ozernaya sockeye in the sea (in thousands).

Year Mature Immaeture Numbers of immature, %
1962 4426 615 12.20
1963 3529 726 17.06
1964 1370 334 19.60
1965 2034 496 19.60
1966 2954 463 13.55
1567 4066 1610 28.36
1968 3388 1329 28.15
1969 2812 554 16.46
1970 1741 1404 44.64
1971 1472 749 33.72
1972 1351 1312 49.27
1973 1129 2087 64.89
1974 887 946 51.61
1975 1639 1059 39.25
1962-1966 2863 527 15.54
1967-1975 2054 1228 37.42

Abundance reduction of Ozernaya sockeye population could not help but influence the
stock structure and primarily its age composition in 1940 to 1963 when Ozernaya sockeye
stock were at a satisfactory level. In two basic age groups, the mature portion of the stock
dominated the 5,, aged fish (Table 3). Later on following the reduction of the total abun-
dance, sockeye in the 4, ; age group prevailed in separate years and annually during 1970 {o
1975, excluding 1974. At the same time, considerable declination of Ozernaya sockeye stock
was followed by the reduction in average age of the population. Since 1953, the decrease in
fish quantity of two main age groups, 4, + and 5, 1, has taken place in the mature portion of
the stock (Table 3), with the 5,, declining more rapidly than the 4, ; increase in the mid-70s.
The abundance of the old age groups, 6, . and 6, +, is also reduced. On the other hand, the in-
crease of mature male (3,4 ) abundance is also marked. The reduction in average age of the
population following Ozernaya sockeye reduction in abundance, has also been observed
earlier (Egorova, et al., 1961}. Birman (1951), on the basis of the Amur River fall chum
studies, showed that the increase of fish abundance results in the reduction of growth rate
and increase of fish quantity of all age groups. The reduction in average age of Ozernaya
sockeye population is caused probably by the following factors: abundance reduction leads

Table 3.  Age structure of the mature part of Ozernaya sockeye stock.

Periods Age

324 424 J24 B2+ 33+ B34

in thousands
1940-1944 - 1388 1aga — — —
1945-1952 13 1324 3092 58 569 288
1453-1963 37 2039 3222 89 632 530
1964-1969 16 1500 1830 27 318 201
1970-1875 64 8990 B67 7 220 81
1940-1975 3 1523 2642 48 409 273
Percents

1940-1944 — 25.82 74.18 — — —
1945-1952 0.23 24.78 57.86 1.09 10.65 5.39
1953-1963 0.56 31.14 49,20 1.36 9.63 £8.09
1964-1969 0.92 38.34 46.78 0.6% 8.13 5.14
1970G-1975 3.16 48.79 32.87 0.35 10.84 3.99
1940-1975 0.63 30.96 53.63 D.94 8.30 5.54
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to rapid fish maturity in the sea; and during the whole sockeye lifespan, the dominant age
group, 5, ¢, is harvested twice. That is why the fisheries pressure on this age group is con-
siderably higher than on the other groups.

The annual influence of the fisheries has resulted in changes of the intrapopulation struc-
ture of the stock. In addition to the lack of spawners, these changes have negatively
influenced the state of Ozernaya sockeye stock.

F. V. Krogius {1961) has pointed out that fishing pressure affects the separate sockeye
stocks of the Asian and American coasts. Intensive harvesting at sea leads to a reduction of
all stocks in spite of favorable reproduction conditions.

Different behavior variants of Ozernaya sockeye stock under varying fishing conditions
were studied by V. V. Menshutkin and Yu. Ya. Kislyakav. They showed that with an escape-
ment of 1 million spawners, the rate of high sea exploitation must not exceed 25 to 35 percent
of the mortality rates. More intensive sea fishing might result in the destruction of the stock.

In 1978/1979, the escapement rate of spawners was 1.45 and 1.35 million. However, this in-
crease is not related to the enhancement of stock abundance, but is related to the reduction
of the high sea fisheries. In these years, according to the estimated catch of Ozernaya,
sockeye in the sea was about 30 percent of the total abundance of the immature portion of the
stock. A further reduction of harvesting would allow hope for the restoration of Ozernaya
sockeye stock.
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The Role of Salmon Production and the Perspectives
of its Development in the Sakhalin Region

F. N. Roukhlov

{Pacific Research Institute of Fisheries and Oceanography, TINRQ, Sakhalin Brenchj

At present there are 23 hatcheries in the Soviet Far East which produce mainly pink
salmon and fall chum salmon. As an experiment the eggs of masu, coho, chinook, and red
salmon were incubated in small quantities. There are 18 hatcheries in the Sakhalin region
(Figure 1), four in the basin of the Amur River and one on Kamchatka. Information on the
guantity of fry released in 1978 is given in Table 1. Ninety-four percent of all hatchery
salmon are released in the Sakhalin region, the most developed one in the Soviet Far East, 3.6
percent in the Amur River and 2.4 percent in Kamchatka.

The Sakhalin hatcheries are identified in Table 1. Table 2 gives information on the chum
and pink releases for 1948 to 1978 by the basic geographical areas of the Sakhalin region. The
area from the Cape of Elizabeth to Terpenya Cape is designated northeastern Sakhalin, from

Table 1.  Informatian of Pacific salmon fry released from the USSR hatcheries in 1978.

Name of the hatchery Number of the released fry, mln

pink salmon chum salmon

Ado-Tymovsky — 53.9
Pobedinsky 19.1 .6
Buyuklovsky 26.9 13.8
Pugachevsky 51.8 —

Sokolovsky 66.7 32.0
Bereznyakovsky 56.1 —

Lesnoy 29.6 6.6
Ckhotsky — 27.0
Anivsky 8.7 11.4
Taranaisky 26.9 9.8
Vatutinsky 1.4 -

Yasnomorsky - 16.6
Sokolnikovsky — 22.8
Kalininsky 0.7 87.4
Urozhainy 9.8 0.4
Ainsky 24.9 6.7
Kurilsky 89.0 41.3
Reidovy 56.2 8.7
Teplavsky — 4.9
Bidzhansky — 20.3
Gursky - 3.9
Udinsky — 23
Ushkovsky — 20.3
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Figure 1. Disiribution scheme of the hatcheries in Sakhalin.

Table 2. Information of Pacific salmon fry released by main areas of Sakhalin in 1948-1978.

The reloased fry The released fry Share of area in total release, %

Area of pink, mln of chum, miln Total pink chum Total
Northeastern Sakhalin g 882 891 0.2 13.4 7.4
Southeastern Sakhalin 2770 ) 2382 5152 50.2 36.3 42.7
Aniva Bay 63 176 239 1.1 2.7 2.0
Southwestern Sakhalin 659 2350 3009 12.0 35.8 24.9
Tturup Island 2012 772 2784 36.5 11.8 23.0
Total 5513 6562 12075 100.0 103.0 100.0

the Terpenya Cape to Aniva Cape as southeastern Sakhalin, from Aniva Cape to Krillion
Cape as Aniva Bay, and from Krillion Cape to Lomonon Cape as southwestern. The Iturup
area is limited by the territory of this island.

During the period in question, the Sakhalin hatcheries released 12 billion fall chum and
pink fry, 46 percent chum and 54 percent pink. The main reproduction area is southeastern
Sakhalin. The ratio of the species being reared in this area coincides with the share of chum
and pink in the whole region.

In southwestern Sakhalin the share of chum is 78 percent and in Iturup Island 72 percent
pink salmon. The share of northeastern Sakhalin salmen reproduction is not large. Ninety-
nine percent of the fry released are chum. Chum comprise the main part of the salmon
reared in Aniva Bay (74 percent). This area accounts for not more than 2 percent of the total
salmon released.

Data have been compared on the quantity of released pink and the quantity of fry migrating
downstream to the sea from their natural spawning grounds, sgutheastern Sakhalin rivers,
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Aniva Bay and Iturup Island. The technique for determining downstream migrants of
natural arigin follows.

Annually pink spawners in southeastern Sakhalin rivers, Aniva Bay and Iturup Island
were registered. The share of spawning grounds examined from the air and visually in these
areas was in the range of 21 ta 58, 22 to 95, and 30 to 98 percent, respectively. The number of
fry migrating downstream from natural spawning grounds was calculated by making counts
in the rivers under observation and extrapolating the data obtained on the fry from one
female for the whole quantity of females. Table 3 shows the number of pink fry in relation to
the total number of downstream migrants for the last 15 years. In all areas the tendency
toward an increase of the specific weight of the artificial pink has been observed for the last
years. The number of hatchery fry is the smallest in the southeastern Sakhalin (17 percent]
and the largest on [turup Island (26 percent).

The question naturally arises as to what is the importance of artificially reared Pacific
salmon, and what is the contribution to maintaining the optimum abundance of chum and
pink salmon? The results show that the efficiency of rearing chum is rather low (Table 4).
The average return for the last 15 years was 0.27 percent in southwestern Sakhalin and in the
Naiba River basin (southeastern Sakhalin), 0.28 percent. The maximum figure was 1.76 per-
cent and the minimmum 0.01 percent. The assessment of efficiency of chum reproduction in
these two areas is rather reliable as in southwaestern Sakhalin the entire stock of this species
is reproduced artificially and the share of hatchery repraduction in the Naiba River basin
approaches 80 percent. The assessment of artificial reproduction of pink salmon was much
more difficult as in all hatchery areas pinks naturally occur. Therefere, while assessing the
coefficient of return, we’ve assumed that after downstream migration the mortality for pink
salmon of artificial and natural origin is equal. We've calculated the coefficient of pink
return in some areas of the Sakhalin-Kuril basin on the basis of the date of fry release from
the hatcheries, on the number of fry migrating downstream from natural grounds, and on the
results of calculations of returned adult fish of this generation (caught fish plus spawning
part of population) (Table 4). The value of return for the last 15 years in all three areas is
approximately equal. It fluctuates from 0.7 to 8.7 percent. However, the figures obtained
were calculated as previously noted.

It was necessary to obtain more reliable data on pink rearing efficiency. Thus, in 1974 and
1976 at some Sakhalin hatcheries pink fry were marked before release. In 1974 at the Kuril

Table 4,  Coefficient of returp {percent) of pink and autumn chum in some areas of Sakhalin region for the last 16

years.

Year of Pink salmon Chum salmon
return  Southeast Sakhalin Aniva Bay Iturup Istand  Southwest Sakhalin Naiba River
1964 0.5 2.0 2.0 0.65 0.56
1965 2.5 0.3 1.8 0.42 1.76
1966 1.0 1.6 0.7 0.22 0.16
1967 1.6 i1 1.1 0.23 0.31
1968 1.5 1.1 0.7 0.21 0.55
1969 0.6 2.2 1.7 0.42 0.42
1970 0.3 1.0 1.3 0.20 0.21
1971 1.8 8.7 1.7 0.36 0.22
1972 0.9 0.9 2.9 011 0.01
1973 1.9 4.9 .6 0.17 0.08
1974 2.4 5.7 2.0 0.26 0.03
1975 2.1 4.0 2.1 0.21 0.07
1976 2.8 47 2.1 0.13 0.18
1977 7.1 2.9 4.3 0.13 0.07
1978 2.5 2.3 15 053 0.48

Average 21 2.3 2.0 0.27 0.28

101



6L rzs i6 44 i8 £C 0z 565 L8] EL61

0 1% 4 4ET 9z 1ot 21 EL 5811 E4L 2461
9z 09¢ L] LE LE Z1 114 oze i8 LZ6T
¥e o6s 14 9E ZL ¥ =) ) ETTL 161 0461
6L 44 4 ge L 1 44 L1 92 ] 8 a0t 6961
144 ars BEL LT Lzl 8F g a1z a8t 5961
e 59e 9 L1 081 9t L1 80t B L9B1
184 0SE 4 41 92 z8 218 g 096 as 9961
g SEV £z oz G2l Zt £ LZ8 14 GO61
44 [lt eI oL ZbE LE 6 biL 18 FO6T
oz 56 18 el 111 L1 4 0s8 214 £961
£ 4 1 £ Z r € 4 L
(%) (%) spunord (wpuz) (%) {ujw) spunosd {uqur) L] spunold {ugu} IE8 )
Ay yuid Suumeds  Assymey woup Aap yurd Surumeds  Arsiyoiey wogy Ay yurd fuumeds  AL1eyojepy wog
Adeyoley  [eanjeu UIOJ] paseaisd ysiq Alpyoiey  [BJN)BU IO} DasEa[al YS[J AJoyaje]  [BINBU WIDL] PaAsEA[I YSI]
Jo asByg sjresfym jo aleyg syuresSiur 10 aI1BIg sjues8nu
ueasuMO weasuMmo(] weansumog
pusis] dninjj feg eatuy U[[E S UIalsEsyInog

LZBT-EQ6T WI puers] dnany
PU® AB{ BAIUY Ul[RYNES UISISBAYINOG ay ul sardads sy} jo sjueldmur Wees)sumop JO JIaquunu [e10) oY) ut L1 yuid Aiayojey jo aieys g o[qel

102



Hatchery one million fry were marked by cutting the adipose fin. In 1975 at the Iturup fish
processing plants and hatcheries 27,000 marked fry (2.7 percent]) were recovered. The
calculated index of this year’s return was 2.1 percent.

In addition it should be noted that 7,000 marked fish were also found in eastern Sakhalin
and Aniva Bay. In 1977 the return of marked fish to Tturup Island was 4.7 percent, the
calculated index of return was 4.3 percent. Thus, double testing of the calculated return
index by registration of tagged fish has shown comparable results. Therefore, we believe that
the figures of return in Table 4 reflect the actual situation.

A comparison of the efficiency of chum and pink reproduction indicates a preference of
pink rearing. Thus, lately the main siress is on the rearing of this species in the Sakhalin
region. The results of 1976 tagging showed fish returns to Ainsky, Sokolovsky, Lesnoy and
Kuril hatcheries were quite different. From an inspection of recovered pink salmon, 0.11 per-
cent were marked at Ainsky, 0.09 percent at Sokolovsky, 10.4 percent at Lesnoy and 4.7 per-
cent at the Kuril Hatchery. The average coefficient of pink return was 3.4 percent. These
results are assumed to be preliminary, requiring additional tests. Hatchery identification of
fry was determined by clipping fins in the following manner: at the Ainsky Hatchery,
adipose and right ventral fins; at Sokolovsky, adipose and left ventral fins; at Lesnoy, the
adipose fin; and at Kuril, the adipose and dorsal fins. Low pink return to the first two
hatcheries and a high return rate to Lesnoy Hatchery can be explained by the capacity of the
ventral fin to regenerate. If further tests show that our assumption is wrong, it would be
necessary to study the reasons of low efficiency of the experiments and use so far as average
value of return obtained at these four experiments. This value shows the efficiency of
artificial pink rearing is rather high.

Taking into account the promising salmon fisheries, a draft plan of fisheries development
in the region with 3 billion fry annually to the year 2000 has been submitted for discussion to
scientists, fishermen and fishery departments. It is planned to increase the release of pink
salmon to 1.9 billion, chum to 900 million, masu to 65 million, coho to 55 million, and red to
50 million fry. For other far eastern regions it is planned to increase the salmon fry release by
1 billion. It is anticipated that during discussions, these figures would be changed according
to species composition. Nevertheless, a program leading to a considerable increase of
salmon fisheries in the Soviet Far East has been adopted and will be realized during the next
20 years.
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Plastic Matrix Substrates for Incubating Salmon

Kenneth A. Leon
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Abstract

Fry resulting from incubation with smooth-bottomed incubators containing no matrix substrate often are smaller,
suffer greater mortality, exhibit anomalous yolk sac absorption, or have a combination of these problems. In con-
trast, Atlantic salmon (Selmo salar] incubated in units containing Intalox Saddles were 45 percent heavier, had nor-
mal yolk sac absorption, high survival, and fed well after emargence.

Astroturf, Intalox Saddles. and gravel were compared as substrates for five species of Pacific salmon. Emergent
fry from saddles and gravel were generally larger, survived better in incubators and emerged at times more closaly
resembling those of creek fry. Fry incubated in saddles had a significantly shorter period of emergence than those
from other substrates. Saddle-incubated fry sutvived to adult at sbout the same rate as gravel-incubated fry.
Moderate to deep matrix incubators with saddles have much greater egg and alevin capacities per surface ares of
floor space than incubation systems using gravel in boxes or raceways.

Plastic Matrix Substrates for Incubating Salmon

My initial interest in incubation research for the improvement of salmonid culture
technology was stimulated in 1971 when I found that Atlantic salmon (Salmo salar) hatch-
eries typically lost 20 to 50 percent of their alevins or swimup fry. Those fry that did not die
immediately were often up to 40 percent smaller than their natural river-produced counter-
parts. Marr (1963 and 1965) reported that light and surface contour in incubators influenced
the behavior, development, and growth of trout and salmon embryas. Personal experience
made it clear to me that traditional hatchery incubation methods produce salmonid fry of
less than optimal quality and survival. Trough baskets, trough trays, stacked tray cabinets,
and hatching jars all may produce fry of inferior quality. Undesirable characteristics may in-
clude smaller size at fry emergence, abnormal yolk sac development, poor feeding response
and crowding behavior (Leon, 1975 and 1979).

As Marr pointed out, providing additional surfaces, other than the flat bottoms of in-
cubators, can improve fry quality. In nature, gravel provides those surfaces. Progressive
culturists adapted this natural substrate to incubation boxes, as widely used in Canada, and
to raceway alevin development that is common in Japan and the Soviet Union. Others have
used more exotic substrates such as Astroturf. I felt that Intalox Saddles, @ matrix substrate
normally used to mix liquids and gases, would not only provide the required surface con-
tours but would also increase potential loading density of eggs and alevins, cause better
water distribution in incubatars, and give the culturist a lighter material to work with.

Results

Saddles were first tested at several depths and loading densities with Atlantic salmon.
When saddles were used, yolk sac development was normal, survival and growth were
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significantly increased, and feeding behavior was much superior to fry produced in in-
cubators without saddles (Leon, 1975 and 1979).

In 1976, 1977 and 1978 saddles were compared to gravel, Astroturf, flat screens, and cor-
rugated screens for use in incubators for chum salmon (Oncorhynchus keta}, pink salmon (O.
gorbuscha), sockeye salmon (O. nerka) and coho salmon (O. kisutch). Saddles generally pro-
duced the highest quality fry (Tables 1, 2, and 3), in addition to producing a fry emergence
timing very close to that of river-incubated fry. Another benefit was that saddles caused a
much shorter emergence period (Figure 1). Chum and pink salmon had the mast positive
response to the saddle substrate. Goho and sockeye salmon also did better with this substrate
but the benefits were less striking.

Table 1. Loading densitles, emergence weight, percentage weight difference, and eyed egg to fry survival of
coho and pink salmon incubated at the Starrigavan Hatchery.

Substrate Species Eggsfce [in3) Weight (mg) Yot % egg-fry
Turf Coho 43 (7) 363al 90 +
Saddles Coho 43 (7) 391a’ 8 90+
Heath? Coho A3 (7) 413b

Heath? Coha 43 (7) 398" 33 90+
Saddles Pink 1.35 (22} 289 92

Percentage difference refers to those weights followed by the same letter.
*These Heath Trays contained either saddles or corrugated screens.
*These Heath Trays contained no substrate other than the factory-supplied screens.

Table 2. Comparisan of emergence weight and survival of pink salmon incubated at the Auke Bay Laboratory
Hatchery with three substrates.

Subsirate Weight [mg) % egg-fry
Turf 270 86.6
Gravel 271 88.9
Saddles 288 96.6

Table 3. Comparison of emergence weight and eyed egg to fry survival of chum salmon incubated at the Beaver
Falls Hatchery with three substrates and two loading densities.

Substrate Eggsice (ind) Weight (mg) % egyg [ry
Turf 43 (7) 399 38.5
.55 (9) 432t 24.2
Gravel .43 (7] 432 69.1
Saddles .43 (7) 451 81.2
.55 (9) 447 74.5

tHijgh mortality in this lot may have affected emergence weight, i.e. fewer live alevins competing for the same space.

The increase in efficient use of hatchery floor space is astonishing when the use of tiered,
deep matrix incubators with saddles is compared with other fish incubation systems in the
world. Between 500,000 and 600,000 fully-developed chum salmon fry per square meter of
floor space are presently produced by this method as compared to less than 100,000 fry per
square meter with mast other methods. Of course, sockeye and pink salmon fry can be pro-
duced at proportionately higher numbers per surface area because their eggs are smaller and
have lower metabolic requirements.

Evidence from the first few years of adult salman recoveries indicates that fry from saddle-
incubated salmon survive to adulthood at aboul the same rate as gravel-incubated fry. Ex-
amples of adult salmon production from fry incubated in saddles are shown in Table 4.
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Figure 1. Comparison of emergence timing of saimon fry incubated in either Intalox Saddles or Astroturf.

Table 4.  Pink salmon fry to adult survival al twa facilities using saddles al various loading densities.

Hatchery Eggsfce (in?) Egglcm? (in3) % survival

Kitoi .76 (12.4) 26.7 (172) 12-15

Tutka 1-2 (16-32) 29.9 (192) 47-98
Conclusion

During the next few years, more definitive information on survival to adulthood will be ob-
tained from the expanded use of saddles. At this time, the conclusion is that our saddle in-
cubation methods produce a greater number of healthy fry per hatchery surface area than
any other known technique.
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Abstract

Northeastern Pacific salmon algvins are incubated in Intalox Saddle plastic substrate {2.5 cm size) at Alaska
Depariment of Fish and Game salmon hatcheries.

Salmon elevin densities tested have ranged from 121 to 2,884 alevins/dm? of incubator volume with saddles. The
number of alevins tested/dm? incubator area with substrate has ranged from 156 to 6,817. Substrate depths have
ranged from 5 to 890 cm.

Eycd egg 1o Ity survival; salmon fry quality in terms of weight, length, and develapment index (K} and survival
to adulthond are summarized for Intalox Saddle substrate and some comparisons are made between saddle, hatch-
ery gravel, and river-incubated fry.

Introduction

(Gravel substrate in hatchery incubators is a proven producer of adult salmon (Bailey, et.
al.,1976; Bams, 1972 and 1974). Intalox Saddle substrate is also a proven producer of adult
salmon.

This report presents eyed egg to fry survival; salmon fry quality in terms of weight, length,
andlor developmental index (Bams, 1970); and survival to adulthood relative to alevin den-
sities and alevins/dm? incubator area in Intalox Saddle substrate. Various alevin densities
and numbers/dm? incubator area in saddles are compared wiih hatchery gravel and river
gravel! relative to fry quality and survival to adulthood.

Eved Egg to Fry Survival

Eyed egg to emergent salmaon fry survivals in Intalox Saddle substrate were examined
relative to incubator volume (dm®) and area (dm3), Survival data were obtained for all five
species of eastern Pacific salmon.

Survival is not apparently a function of the number of alevins? (eyed eggs)/dm? of substrate?

‘River gravel refers to gravel substrate incubation in streams but not in hatcheries, spawning channets, or incuba-
tion channels.

In this report, “alevins” and “eyed eggs” are used interchangeably. Eyed eggs. but not alevins, were counted dur-
ing the incubation period. The number of just-hatched alevins is essentially equal to the number of eyed sggs
seeded.

sdm? of substrate refers to the incubator volume ([dm? which was loaded with substrate.
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within the range of alevin densities (121 to 2,884/dm?) examined [Figure 1). The noteworthy
consideration is that =90 percent survival is possible with densities ranging from 120 to
2,825 alevins/fdm?® Furthermore, =95 percent survival is documented for densities = 2,000,

survival is also not apparently a function of the number of eved eggs loaded per dm? of in-
cubalor area with substrate within the range of eyed eggs per dm? (156 to 6,817) examined
(Figure 2). High survival (= 80 percent] is possible at all loadsidm? ohserved and = 95 percent
survival is documented at loadings/dm? =< 4,100.

Since high survival can be attained over a wide range of alevin densities and loadings/dmz,
high survival should not be a function of substrate depth, as long as there is enough substrate
o cover the alevins.
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Figure 1. Pacific salmon eyed egg to emergent fry survivals relative to densities of eggs incubated in Intalox Sad-

dle substrate. {Most dats are from Alaska Department of Fish and Game hatcheries. Some pink salmon
data were provided by Mr. Jack Bailey, National Marine Fisheries Service, Auke Bay, Alaska 99821.)

Alevin Density—Areal Load Relationship

The number or weight of eyved eggs, and subsequent alevins, seeded in a unit volume of
substrate, has generally not represented the true density for two reasons:

1) Observations within incubators show that the great majority of alevins migrate to the
bottom of the substrate, regardless of substrate depth.

2} Most incubators have utilized much greater depths of substrate than necessary to
cover the alevins.

Therefare, true density must be distinguished from apparent density. In this report, ap-
parent rather than true density was used in discussing alevin to emergent fry survival. True
density is dilficult to determine since: 1) not all (100 percent) alevins migrate to the bottom of
the substrate; and 2] true density changes close to the time of emergence.

In my opinion, areal load, i.e., the number of eyed eggs loaded per unit incubator {dm? in
this report) with substrate is a more important concept than apparent or true density, pro-
vided that substrate is deep cnough tu cover the alevins. Areal load does not change from the
time eyed eggs are seeded to the time of fry emergence.
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Pacific salmen eyed egg ta emergent fry survivals relative to incubator area {dm?) for eyed eggs incu
bated in Intalox Saddle substrate. (Most data are from Alaska Department of Fish and Game hatch-
eries. Some pink salmon data were provided by Mr. Jack Bailey, National Marine Fisheries Service,
Auke Bay Laboratory, Auke Bay, Alaska 985821,
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Intalox Saddle substrate depth relative to number of Pacific salmon eyed epgs per incubator area (dm?)
when [ntalox Saddle produced fry weight and/or length equalled or exceeded that of hatchery gravel
produced fry or river Iry. (Most data are from Alaska Department of Fish and Game hatcheries. Some
pink salmon data are from Mr. Jack Bailey, National Marine Fisheries Service, Auke Bay Laboratory,
Auke Bay, Alaska 99621.)

Substrate depth was examined relative to areal load (number eved eggs/dm?) in those cases
when saddle fry weight and/or length equalled or exceeded that of hatchery gravel or river
fry (Figure 3). Saddle substrate depth is not a major factor in determining fry quality. A
substrate depth of =< 3.2 dm produces high quality {fry over quite a range of areal loads (310 10
4,664 alevins/dm?). As litile as 1 dm of substrate depth will support a high loading of 1,929
alevins/idm?.
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Fry Quality Relative to Areal Load in Intalox Saddle Substrate

Chum, pink, and sockeye salman fry at various areal loads in saddles were compared with
hatchery gravel and river fry, relative to fry quality.
Chum fry from areal loads as high es 1,631 alevins/dm? in saddles were as large or larger

than hatchery gravel or river fry (Figures 4 and 5). In Figure 5, saddle fry apparently have
more yolk reserves (> Kp} than river fry.
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Figure 4.  Chum salmon emergent fry weight, length, and development index (Kp) relative to number of eyed
eggs per incubator area with Intalox Saddle substrate and relative to hatchery gravel and river gravel.
{Data are from Beaver Falls Hatchery, 1976 Brood Year.)

Pink fry from areal loads up to 6,117 alevins/dm? in saddles were larger than hatchery
gravel or river fry (Figures 6, 7, 8, and 9). Saddle fry have slightly more yolk reserves than
hatchery or river fry.

At two hatcheries where a wide range of areal loads occurred, pink fry weight tended to
decrease as areal loads increased (Figures 7 and 9). Saddle fry weights were still generally
larger than those of gravel fry.

The small amount of data on sockeye fry indicate that fry from areal loadings up to 1,929
alevins/dm? can be larger than gravel fry (Figure 10).

Fry Biomass Relative to Areal Load in Intalox Saddle Substrate
Alevin biomass is mare important than numbers for certain aspects of incubation, such as
dissclved oxygen consumption and ammonia excretion determinations. Therefore, this

report includes data relating emergent fry mean weight to emergent fry biomass/dm? of in-
cubator area with substrate (Figure 11).
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Figure 5,  ChunsalmoamergefryweightengthanddevelopmentlexK DYelativeo numbesfeyed
eggsper incubator areawith intalox Saddlesubstrataand relative to river gravel. Dataare from
RussellCreekHatchery,1979brood year.!
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Figuree. Pinksalmoemergerity weightlengthanddevelopmeirtdex K>!Irelativéo numbeofeyedeggs

perincubatorareawith IntaloxSaddlesubstrate andrelativeto hatcherygravelandriver gravel. Data
are from Kitoi Bay Hatchery, 1977 brood year.!
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Figure 7. Pink salmon emergent fry weight and length reiative to number of eyed eggs per incubator area with
Intalox Saddle substrate and relative to hatchery gravel. Data are from Auke Bay Hatchery, 2976
brood year and were provided by Mr. lack Bailey, Nations Marine FisheriesService, Auke Bay
Laboratory, Auke Bay, Alaska 99822,!
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Figure8. Pinksalmonemergenfry weight,length,anddevelopmenindex KDl relativeto numberof eyedeggs

per incubator area with Intalox Saddle substrate and relative to river gravel. Data are from Kitoi Bay
Hatchery, 1978 brood year.!
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Figure9. Pinksalmomemergerity weightlengthanddevelopmeirideXKDlIrelativéaonumbeofeyedeggs
per incubator area with Intalox Saddle substrate and relative to river gravel. [Data are from Tutka Bey
Hatchery, 1978 brood year.!

IEo

HERY
Stoodse'

om

I4IIIVI BERVEEGLV dI C A 8
REXITHNTAIOZADD L ATE

Figurd0. SockegalmoamergefmyweightengtrandievelopmémiexKDtelativeonumbesfeyed
eggsper incubatorareawith Intalox Saddlesubstrateand relativeto hatcheryandriver gravel.
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Figure1l, Pacificsalmonfry biomassperincubatorareawith Intalox Saddlesubstratethat shouldproducefry
equal to or larger then hatchery gravel or river fry in weight and!or length. Most data are from Alasks
Departmentof Fishand Gamehatcheries Somepink salmondatawere providedby Mr. jack Bailey,
National Marine Fisheries Service, Auke Bay Laboratory, Auke Bay, Alaska 99821.!
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Figure 12. Pink salmon unfed fry to adult marine or escapement survival relative to number of eyed eggs per
incubator area and eyed egg densities in substrate. Data are from Alaska Department of Fish and
Game hatcheries.!
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Fry to Adult Survival

Pink salmon Fryto adult survivals for saddle, hatchery gravel, and river fry are depicted in
Figure 12. In this same figure, apparent eyed egg densities number/drn'! and areal loads
nurnberidm'’  are presented for saddle and hatchery gravel fry.

Saddle fry to adult survival is good relative to that for hatchery gravel and river fry. i'ur-
ihermore, the greater egg to fry survival for saddle fry than Forriver fry will result in a
greater adult return per spawner for saddle fry.

Conclusion

High eyed eggto fry survival, high quality fry, and good fry to adult survival are realized at
high alevin densities and areal loads in Intalox Saddle substrate.
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EffeCtivenesS Of Pink SalmOn ReprOduction
at the Hatcheries of the Sakhalin Region

F. N. Roukhlov, O. S. Ljubaeva arid L, D, Khorevin

Pacific ResearchJnstitate of Fisheries and Oceanography, TIXRO, Sakhalin Branch!

In 1979, investigations were carried out to determine the effectivenessof the Sakhalin
hatcheries by marking the released salmon fry and registering the returned adults. The long-
term program of the present investigations is to provide fish marking in all existing
hatcheries where artificial culturing combines with natural reproduction, Experience has
shown the fin clip method to be a reliable way of marking fry and has made it possible to
define the coefficient of fish return to four hatcheries Roukhlov and Ljubaeva, 1977;
Roukhlov and Ljubaeva, 1980!.

The results of pink salmon registration, marked in 1978, were used for this paper, Marking
was done as follows: Adipose and dorsal fins of 300,000fry were clipped in the Taranaisky
Hatchery; adipose fins of 500,000fry were clipped in the Sokolovsky Hatchery, and adipose
and right ventral fins of 306,000ry were clipped in the Kurilsky Hatchery.

Registration of returned marked fish was made during the whole 1979fishing seasonat the
largest shore basesof Sakhalin and Kuril Islands. Thirty-four percent of the fish from the
total catch were examined. Daily returns were calculated for each of the separate marked
groups. The total figuresfor the whole fishing seasonwere summarized by daysfor a given
fishing area.There weresixfishing areas;theirborderandnames aregivenin Figure 1.

Pink salmon entering the rivers were observed at spawner collecting fences. Forty-one per-
cent of the entering spawners were examined for markings in Bystraya and Taranay Aniva
Bay!, Leshaya and Bolshoy Takoy southeast Sakhalin!, and Reidovaya and Kurilka lturup
Island! rivers.

For the total catch in the Sakhalin-Kuril basin, the number of fish with adipose fin clips
was 15,294; adipose and dorsal fin clips, 1,866; and adipose and right ventral fin clips,
17,363, The distribution of marked fish in areas of registration is given in absolute figures in
Table 1. The coefficientof pink salmonreturn releasedfrom the Taranaisky Hatchery was
0.6; from Sokolovsky, 3.1; and from Kurilsky, 5.7, The average coefficient of fish return for
thesethree hatcheries was 4.0 percent. The bulk of marked fish was found in catches from
fixed nets, The number of discovered marked fish for Sokolovsky Hatchery, Taranaisky
' Hatchery, and Kurilsky Hatchery was 87 percent, 95 percent and 90 percent, respectively
Table 1l

The Kurilsky and Taranaisky hatchery marked fish were caught mainly in the regions
nearest their release. More than 90 percent of the pink salmon from Taranaisky Hatchery
were caught in Aniva Bay and 99.9 percent of individuals marked in Kurilsky Hatchery
returned at maturity to the coast of Iturup Island.

Near southwestern Sakhalin one could find pink salmon from all regions where markings
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Figure I, The areas of releaseand calculation of the tagged humpback.

A areasof release | Southwestern Sakhalin

| Taranaisky Hatchery Il Aniva Bay

2 Sokolovsky Hatchery i Lescoy-Okhotskoyarea
3 Kurilsky Hatchery IV Starodubskoye area

B areasof calculationof the tagged fish V  Terpenya Bay

C bordersofthe areas VI lturup Island

were made. Pink salmon from the Kuril Hatchery were not found in Aniva Bay.Only onein-
dividual that had been marked at Taranaisky Hatchery was found in lturup Island.

The majority of pink salmon marked at the Sokolovsky Hatchery was found in the coastal
waters of lturup Island. Moreover, Sokolovsky's fish were caught earlier than fish with
Kurilsky Hatchery marks. The highest coefficient of marked fish return was observed at the
Kurilsky Hatchery. Analogous investigations were carried out here in '1974and 1977and in
all casesthe effectiveness of this hatchery was high. In 1974, fish return was 3.4 percent and
in 1977~4.7 percent. The results of marking are proved by significant catches and by the
number of pink salmon spawners run to spawning grounds, Nevertheless, the distribution of
marked fish in fisheries areas in various years was different. In 1974, 0.7 percent of in-
dividuals from the total numberof markedfish ftom the Kurilsky Hatcherywerecaughtnear
the Sakhalin coast. In 1977, the figure was 0.005 percent and in 1979, the figure was 0.003
percent. Redistribution was also observed in pink salmon marked in the Sakhalin Hatchery.
Thus, in 1977,40 percent of fish released from the Lesnoy Hatchery was found in fixed nets
off lturup Island. But usually pink salmon from the nearest Sokolovsky Hatchery were
caught close to Sakhalin Island. Near lturup Island 4 percent of the pink salmon with marks
of this hatchery were found Table 1!. In 1979,this ratio changed. Sixty-one percent of pink
salmon with Sokolovsky Hatchery marks were found off Iturup Island and only 27 percent
were found in Sakhalin fixed net fishing. Significant differences were observed in distribu-
tion of fish releasedrom SokolovskyHatcheryin Aniva Bay.In 1979 only 1.Spercentof in-
dividuals with marks of this hatchery were found there and in 1977,it was 28,7 percent. In
the "Starodubskoe"  district their number decreased more than four times, and in the
"Okhotskoe-Lesnoe" district it was three times more.
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Distribution of fish e~teri~g the rivers for spawning also changed. The coefficient of fish
returning to the Kurilka River which were released from the Kurilsky Hatchery in 1979was
higher than in 1977,that is 0,61 and 0.16 percent, respectively. In 1977, pink salmon with
Sokolovsky marks were not found in the rivers of lturup Island. In 1979, 105 pink salmon
entered the Kurilka River and 48 entered the Reydovaya River. But in 1977, 797 individuals
with Lesnoy Hatchery marks were registered in the Kurilka River.

Comparing the results of the investigations in 1977 and 1979 one can expose not only dif-
ferences but common characteristics of fish distribution in investigated areas Table 2J.Pink
salmon reproducing in the southeast Sakhalin hatcheries were caught in significant numbers
in coastal waters of Iturup Island, The catch of pink salmon releasedfrom Kurilsky Hatchery
close to Sakhalin is insignificant and during three years of observations, it did not exceed 0.7
percent of the total number of marked fish. The majority of individuals with cut fins was
caught in rivers with hatcheries and in fishing areas adjacent to these rivers. Pink salmon
marked in 1979 at the Sokolovsky Hatchery were an exception.

During 1977 and 1979 fishing seasons,the overwhelming majority of marked individuals
was found in catches from fixed nets. Pink salmon released from the southeast Sakhalin
hatcheries returned for spawning to the lturup Island coast somewhat earlier ascompared to
those from hatcheries of this island. In 1979, their arrival was observed between 20 and 25
June. The local fish appeared from 20 to 25 August. Both in 1977 and in 1979, the peak
spawning run of marked pink salmon from the southeast Sakhalin hatcheries to the Iturup
Island coastwas earlier for almosta decadelas comparedto Kuril pink salmon, Probably
this is caused by the fact that the Sakhalin pink salmon, in order to reach the spawning
grounds, run earlier. However, provided Sakhalin pink salmon entrance to the rivers of
lturup Island is proved, the question of what part of this fish is anadromous is still under
consideration. At present we can only ascertain that migrating Sakhalin pink salmon along
the lturup Island coast are caught in that fishery during some years.

Table 2. Distribution of tagged pink %! by a number of recovered fish by areasin 1977 and 1979,

Sokolovsky Hatchery Lesnoy Hatchery Kurilsky Hatchery

Areas of calculaied works 1977 1979 1977 1977 1979
Southwestern Sakhalin 2,38 2,26 1.D6 0.D5 0.01
Aniva Bay 28.71 1.54 6.D2 0o.D1
Okhotskoye-Lesnoye area 3.15 9.05 33.95 0.01 0.D2
Starodubskoye area 51.57 11.95 12.20 0.02 0.02
Terpenya Bay 1.19 1.67 0.09 0.01

Total on Sakhalin 90.14' 26,47 54,94 0,10 0.05
Iturup Island 3,76 60.60 40.01 96,55 69,16

Total in seanets 93.93 87.07 94.95 96.65 69.21
Bolshoy Takoy River 4.15 10.57 0,22 0,002 0,01
Ochepukha River Lesnaya! 1,52 1.19 4.07 0,01 0,02
Bystraya River Bryanka! 0.17
Taranay River
Reidovaya River 0.31
Kurilka River 0.69 0.76 3.34 10,76

Total in rivers 6.07 12.93 5.D5 3.35 10.79

'Including the area of "Eastern Sakhalin" 3.14.
'including the area of "Eastern Sakhalin" 1.62.
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Effects of Fertilization of Little Toliak Lake
on the Food Supply and Growth of Sockeye Sahnon

Donald E. Rogers,Brenda J. Rogers and F. JoanHardy

Fishvrivs HvsvarchlIns ilute, College af Fisheries, University of Washing on, Seattle, Washington!

Abstract

juvenilesockeysalmonOncarhynchoerkain theWood+ivetakesystenaxhibitdensity-dependegmbwth
andareamonghesmallesgmoltgproducech BristolBay Wehypothesizatatsnincreasi growthwouldbe
followedyanincrease survivahndhencenincrease theabundanaaf returningadultsLittle Togiak.ake
[6km'l wasannuallytreatedwith variousamountsof diammoniumphosphate2tt tn L780kgl during the summers
of 1974to t979 snd the effectson phytoplanktan,zooplankton chironomids,snd fish growth were monitored. In
eaclyearthatphosphategereappliedthebiomassf phytoplanktancreasedithina fewdaysandtheincrease
wasapproximatelgroportionatn the densityappliedSignificanincreasem abundanref zooplanktoand
chironomidduringjuneto Septembevereobserveth somebutnotsll yearshoweverfollowingeachyearo[
fertilization, the smoltsthat migratedfrom Little Togiak Lakewere larger than thosefrom the other lakesin the
system jndicating that growth wasenhancedy fertilization.

Introduction

The commercialfishery for sockeyesalmon Oncorhynchuserkalin the NushagalDistrict
of Bristol Baydevelopedn the late 1880sFollowing the build-up of the fishery,therewasa
20-yeaperiodwhentheannualcatchesverage® millionfishandthena 30-yeaperiod
when the catchesaveraged3 million fish. Since 1949,the catcheshave averagedabout 1
million.Comparabléeclinesn catcheslid notoccurin theotherfishingdistrictsin Bristol
Bayandthedeclingtt the Nushagakatchesppearso havebeercausedhya declinén the
productivity returnperspawnerbfthe WoodRiverstock whichin themostrecenteriod
hasproducedhe majorityof fishin the NughagaWistrict, Thelevelof escapements the
Wood Riverlake systemduring the three periodsof the fishery did not changesignificantly,
althoughthere hasbeenconsiderableannual variation Mathisen, 1971!.

The FisheriesResearchnstitute beganinvestigationsof the sockeyesalmonin the Wood
Riverlakesin 1946.By the end of the 1960sjt was evidentthat: 1! smoltsmigrating from
Wood River in recentyearswere the smallestin Bristol Bay and were smallerthan smolts
that migratedfrom Wood Riverin the early 1900s2! growth of juvenile sockeyevasdensity-
dependenB!the standingstockof zooplanktortheirprincipalfood!wasinverselyelated
to the abundanceof juveniles;4! primary productivity waslow anddid not vary greatlyfrom
yearto yearand5!phosphorusrasthe mostikely nutrientthatlimitedprimaryproduction

Burgner,1964;Burgner.et al 1969;Gadau,1966;and Rogers,1968,1973and 1977!.
Therefore, in 1970we fertilized a smallbay .6 km' in Lake Aleknagik Figure 1!with a com-
mercialdiammoniumphosphatefertilizer to determineif primary and secondaryproductivi-
ty could be increased.The standingcrop of phytoplanktonincreasedin 1970and the abun-
danceof zooplanktonand chironotnids increasedin 1971 Rogerset al., 1973!.
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Figure 1. Lakes of the Nushagak District
of Bristol Bay,

Little Togiak_akewaschosetior experimentdertilizationbecausé issmall  km'lhas
a historyof high fish densityand poor growth of juvenile sockeyesalmon,andthe abundance
andsizeof smoltsandtheabundancef returningdults couldoemeasuredasilyIntensive
limnological measurements were begun in 1973 and variable amounts of fertilizer were
added to the lake during the summers of 1974to 1978.A final evaluation of the effects on the
productiorof sockeysalmorwill notbemadeuntil 1982Thisreportisa summargf the
resultso date Detailednethodsindresultsaregivenin B,Rogers979!, D. Rogers979!
and Hardy 979].

Methods

Since the experimental fertilization of Little Togiak Lake was conducted under natural,
andthusuncontrolleénvironmentanditiong, wasimportanthatwehadseveralong-
term measurements of environmental parameters so the effects of fertilization could be
separatettom naturalannuablariation Althoughintensivesamplingn Little TogiakLake
did not beginuntil 1973 for someparameterssuch aschlorophyll a and zooplanktoden-
sities,we had annual measurementsn Lake Aleknagik since 1963.Annual estimatesof the
growthand relative abundanceof sockeyesalmonjuvenilesand threespinestickleback
Casterosteusaculeatus! were available for each of the Wood River lakes since 1958. Annual
estimatesof the abundanceof sockeyesalmonspawnersand spawner-returnstatisticswere
availabldéoreacHakesincel94@&ndannualeathedatehavdoeercollectedrtheregion
since 1919.

Our methodsfor measuringheeffects of fertilization wereto comparemeasuremenbse-
tween1! fertilized and unfertilizedareasof Little Togiakwithin a year, 2! fertilizedand
unfertilized yearsin LittleTogiakand3!Little Togiakand LakeAleknagikandto someex-
tent other lakes!in normal years comparedto years of fertilizing. The lakes are usually
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icefree from early Juneto mid-November but field observations were largely restricted to the
period from mid-June to mid-September because most of the workers were university
students who had to return for classes each autumn.

Some morphometric data and statistics on the adult sockeye salmon populations in Little
Togiakand LakeAleknagikaregivenin Table 1.Little Togiakis a narrowlakeand it hastwo
basins, a shallow upper basin .7 km'] with a maximum depth of only 25 m and a deeper
lower basin with 8 maximum depth of 63 m. Lake Aleknagik has a single basin, Alder
predominatesalongthe shoreof Little Togiak and sprucetreesare absentwhereasspruce,
birch, and alder surround most of Lake Aleknagik. The littoral zone is rather restricted in Lit-
tle Togiak with typically steepgradientsand a rock or gravel bottom, In contrast, |,ake
Aleknagik contains some rather extensive, shallow bays with mud bottom. The relative pro-
duction of sockeye salmon is similar for the two lakes; however, the populations in Lake
Aleknagikare exploitedat a slightlyhigher rate meattrate of exploitation 1950t0 1976was
45 percentvs.41 percent!becausat hasa higherproportion of older andlarger fish andthe
gillnet fishery is selective for these larger fish,

Physical Parameters

Solar radiation was measured daily with a Belfort pryheliometer and lake level was
measured at l.ake Nerka near the outlet of Little Togiak Lake, Surface temperatures were
measured altnost daily.-The following measurements were made weekly in Little Togiak
Lake and monthly in Lake Aleknagik, unless otherwise noted. Temperature-depth profiles
were made at three stations on each lake. Secchi depth was measured at six stations, and
when fertilizer was being applied, the measurementsvere madeeverytwo or three days,
Conductivity was measured at 5 and 15 m at two stations on each lake. Nitrate-nitrogen,
NHs+ organic nitrogen, and total solublephosphoruswere measuredat 5, 15,and 20m at
two stations in Little Togiak Lake and one station in Lake Nerka just before and after periods
of fertilization in 1976 to 1978.

Biological Parameters
The concentration of chlorophyll 0 was determined from 2-liter water samples collected in
Van Born bottles from 1, 3,5, 7, 10, 15, 20, 30, and 45 m at two stations on each lake. Water

Table'i. Morphometricdatafor Little TogiakLake[5rX63'N159'09'WandLakeAieknagik 9a20'N, 158s48'W!,
and statistics on their sockeye salmon populations 950-1976!.

Little Togiak Alek nagk
Elevation [m! 23 '10
Lake ares km'] 6 83
Mean depth m! 29 44
Maximum depth m! 83 110
Drainage km'! 86 3,108
Annual discharge m' x 10" 102 4,139
Sockeyeescapementthousands!
Minimum 3 31
Mean 20 183
Maximum 55 493
Average age composition of spawners tt!:
1.2 50 33
1,3 35 5ti
2,2 12 6
2.3 3 5
Return per spawner:
Geometric mean 2.3 2,1
Minimum 0,9 0.4
Maximum 11.0 10.1
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wasfiltered throughan AA Millipore Filter .8p, 45mm diameter!'which waslater dissolved
in90percerdcetone, Absorbancesereaneasurexha Bausé& Lomb Spectroni@0Spec-
tropholometerwith a 1cm path length.Calculationsof chlorophylla densitiesvere madeus-
ing formulasby Parsonsand Strickland 963!, Phytoplanktorspeciescomposition,
numbers, and cell volumes were also calculated in 1976 and 1977.

The relative abundanceand settledvolume af zooplanktonwere determinedfrom vertical
haulsbya 1/2-mnetwith a mestsizeof 234'. Haulswere madefrom 60m or nearthe bottom
at shallowestationsThenetdid notsamplenaupliior mostrotifers onlyAsplonchnap.
wasusuallycaught'howeverthemestsizeretainedhe sizesof organismsgypicallyeaten

bv the pelagic fish. . ) ) . )
Therelativeabundancefemergenthironamidsvasdeterminedromcatches conical,

clear plastictraps similar ta thosedescribedy Subletteand Dendy 959!. Thesewere
suspendddroffthebottonata deptbfabous mFivarapsverdocated LittleTogiak
Lakeanathreanthelowerndof LakeAleknagik-hecatcheserecounteeverywoor
threedaysduringthe summeiChironomithrvaeandotherbenthicorganismsyere
sampledvith an Ekmandredge25 cm' openinghateachendof Little TogiakLakefrom
depthof 3,5,7,and10rn.Sampleweretakenatadditionableepestationsn 1974butthe
densit fbenth|organ|srrwasiowat5|te$leegeuhan20m.Samplmvyasjsuallycon-
ductedeveryotherweekbetweer20Juneand 10September.
Therelativeabundancaadsizesffishin thelittoralz_oneweraastimateﬁonfwee_kl?(/
beackeindaulslurindateJun¢oearlyAugusiSixstationseresampleiah LittleT ogia
andtenin_LakeAIekna%ikJ_uvenilesockeyandmostofthethreespi_netic_klebacmoveoff-
shoreurindateJulyThefishwereghersampleditha towneturingmid-Augusbearly
SeptembdYinehaulf fiveminuteduratiomweremadeontwo nightsn LittleTogiak
Lakeand12haulsveremaden LakeAleknagilononenighteachyear Stomackontent®f
fish sampledin Little Tagiak Lakewere examinedin 1975and 1976to determinethe com-
position and amount of food eaten.
TheabundandengthandweighofsockeysalmosmoltsiigratingromLittleTogiak
Lakevereestimatddomfykenetcatchem LittleTogialRiverI'heopeningetweetne
wingsofthenetwasfrom 1/6to 1/8of thewidthofthe river,diBendingntheflaw, Thenet
witha livdooxwadishedlmostontinuoustiuringlunandlulyanddailysamplesf 25
to 50fish were collectedto determinethe agecompositionand sizeof the smolts.The Alaska
Departmendf FishandGameamplethesmolimigratiorfromthelakesystenattheoutlet
of Lake Aleknagik and provided us with their data.
Arcticchar Salvelinadpinusivhichconcentratgoundheinterconnectimyersof
thelakesystenm JunandJulytofeednmigratingrnoltarehemosabundamiredators
onjuvenilsockcymthelakesystemiVenavesamplechaiin LittleT ogialRivebyhook
andline since 1972to determinethe number and occurrenceof smoltsin their stomachs.
YearlytheAlaskaDepartmeaf FishandGameADF&QGtilizedcountingowerson
WoodRlIverta estimattheescapemertsadultsalmornto thelakesysterandaerial
surveyso estimatéheabundancef adultsalmorin eachofthelakesby Mr, MikeNelson!.
Sincel975wehavealsocountedhesalmorastheymigratednto Little Togiak.ake These
countswercmadefor 30 minutesout of eachdaylighthour andwere later expandeda
estimatihetotalescapememheageompositian theescapemeatittieTogiak ake
wagdeterminddomotolithsollectednthespawningroundsindtheruns catclplus
escapemerttyagegroupto thelakewereestimatetfomtheratiosof runtaescapemefar
the Wood River lake system,

Fertilization

A commercial diammonium phosphate fertilizer was usedin 1974 and 1975and a
technicalgradeaf diammoniunphosphatevasusedin 197&hrough1978Fertilizerwas
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dissolvad a drunandthersprayednthesurfacefthelakeroma movinigoatForpur-
posesof samplingandthe application of fertilizer, thelakewasdivided into threeareas Area
A wagheupperbasin.7 km'!,andfertilizerwasappliecbvertheupperhalfof thisbasinn

1974nd 197%ndovertheentirebasinn 1976 Figure2 andlable?]. AreaB waghemid-
dle portion of the lake .8 km'l, and it wasfertilized in 1976to 1978.Area C wasthe lower

portionofthelake .5 km'l,andit wasfertilizedin the sameyearshoweverfertilizerwas
not applied near the lake outlet to minimize loss through the river, The amounts of
phosphorusaddedto the lake were comparableto amountscontained in the salmon car-
cassedT able3!.Howeversincemosbfthesalmordecomposaftermid-Septembandthe
decompositi@ratheslowin thelakenutrientéromsalmoarcass@sobablgidnot

affecprmanproductigduy ghesummetwtmaynaveaffe uctiomttﬁall

Togiak Lake.

Results

Physical Parameters

During the years of our experiment there were some rather drastic variations in the en-
vironmentthat havemadeit difficult to interpret the biological effectsof fertilization. Winter
temperaturesanaffectthesurvivabf eggsn thegravelwhilespringandsummemweather
determinethelengthofthegrowingseasoandinfluenceshegrowthrateofthefish.There
wereexceptionallgoldwinters Novembeto March!in BristolBayfrom 1969-7¢hrough
1975-7&utthe winter of 1976-7Wasthe mildeston recordsince1919theWoodRiver
lakesdid notfreezeoveruntil March!.Thefollowingwintersof 1977-7&nd1978-7%ere
much milder than normal. Air temperaturesin April and May largely determinewhen ice
breakupoccurson the lakes.The date of ice breakupwasaboutnormalin 1973,0neto two
weekdatein 19751976and1977andoneto two weeksarlyin 19741978and1979.

Watertemperaturesduring the summerin the upper 20m werewarmestin 1974however,
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Table2. Schedule®f'applicattonsof diammonrumphosphateo Little Togiak Lake,1974-1976,

Amount added kg! hy lake area Density of
Year Date AB C Total applirations  kg/km'!
1974 8/13 123 123 246
14 88 88 176
17 68 88 '76
16 80 80 160
22 71 71 142
23 106 106 212
28 48 48 96
29 57 57 114
Total/mean 661 BB1 165
1975 8/13 BB 88 88
17 66 66 66
20 66 66 66
Total/mean 220 220 73
1976 7112 133 89 222 85
13 45 89 89 223 89
14 44 178 222 92
16 133 89 222 85
19 89 89 44 222 89
21 223 223 '149
Total/mean 400 400 534 1,334 98
1977 7113 312 312 173
14 356 356 237
20 222 89 311 111
21 89 89 178 94
22 177 177 118
Total/mean 623 711 1,334 ‘147
1978 7112 178 178 118
13 178 178 99
17 178 178 118
16 178 178 99
24 178 178 118
25 176 178 99
31 178 178 118
6/1 178 178 99
7 8 178 178 99
178 178 t16
Total/mean 890 890 1,780 109

thehighessurfacéemperaturescurreth 197&ndthetemperature theentirevater
colummvashighesh 1979 igur@! A thermoclimkevelope AugustsuallypetweehO
and 15 m, but in 1979the thermocline was near 20 m. Each year, water temperatures were
aboutonedegreavarmerin LakeAleknagikhanin Little TogiakLake.

Lakdeveldeclinesluringthewinterto 6 lowin mid-Af)rilandincrea_sempidlyin I\_/Iag/to
a peaik lateJun@s8 resutifthemeltingnowackFluctuatiormringheremaindexf
thesummearecausedby precipitationwhichis usuallyhighestn AugustandSeptember.
Lakelevel was exceptionallyhigh during the summerof 1977 Figure 3!,

When fertilizer was applied in late August of 1974 and 1975, water temperatures were
higherputsolaradiatiorandlakelevelwerelowerthanwhenfertilizerwasappliedn late
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Table3. AmountefphosphoruandnitrogeraddedolLittleTogiak akeennuaHiyom19720 197%n salmon
carcasseén thefall and in diammoniumphosphatefertilizer.

Salmon Amount kg! in salmon carcasses' Fertilizer added kg!

Year escapement PN PN Daes
1972 14,000 126 1,222 00

'1973 14.000 149 1,445 00

1974 48,000 413 4,017 155 J40 August 13-29
1975 30,000 261 2,540 52 47 August 13-20
1976 18.000 150 1,460 313 283 luly 12-21
1977 26,000 247 2,397 313 283 luly 13-22
1978 45.000 384 3,731 418 377 luly 12 August 8
1979 44,000 375 3,648 00

'‘Assumesa weightof 4,5lb .04 kg!for age.2and6,8lb .08 kg!for ege.3,andthat a salmoncontains0.36~ p
and 3.5'%%donaldson,1967;Nelsonand Edmondson,1955!.

~55

150

05%5 55 5555 55 5~ 55 5 5555 5J 55 58 55

Figure3. Averagevatetemperatur€latthesurfacesolidine!land0-20m dottetine! and5-daymeansf
daily solarradiation gmcal!/cm'l;andrelativelake !evel cm! during summersof 1973-1979.

Julyfrom197@o 1978Figure3].In everyearegxcepl978therevererelativeljeavy
rains and overcastskiessoonafter the applications.

Conductivity did not vary greatlyduring the summer,exceptin 197 Aavhen somerather ex-
tremefluctuationsoccurredn Little TogiakLakeandto a lesseextentin LakeAleknagik
Figure 4!. These fluctuations were not closely correlated with fluctuations in other
measuremenéxcepthatthelow valuesn Julycorrespondeis exceptionalljow concen-
trationsof nitrogenwhereashehighvaluesn late Augustfolloweda heavyainfall.

Variationin Secchdepthgenerallycorrespondetb variationin chlorophyfconcentra-
tion excepfor thelow valuesn late Septembet973andlate Augustto early September
1979 Figure4!. Runofffrom rain causeda milky-white color on thoseoccasionsratherthan
theusuablueorgreenvatercolor)n earl ugule977hunoafplusa higiphytoplankton
densitycausec milky-greewcolor.Whenfertilizerwasappliedto onlythe upperbasinof
the lake 974-75! Secchdepthdecreasetherebut not in the lowerbasin.Secchdepth
decreaseftom 11.5m to4 rnwithin a fewdaysaftortheadditionof fertilizerto theupper
basin in 1974,

Phosphorusconcentrationsaveragedl0to 14/5g/lprior to fertilization in 1976,'1977and
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Figure4.  Conductivityfmiorornhos/omand Seochidepth m!in Little Tog!akLakeand Lake/t'eknat!tk x! dur-
intt the summers of r973-1979.

1978, The concentrations increased twofold in 1976and 1978, and threefold in 1977 follow-
ingi fertilization. Total nitrogendid not changesignificantly in 197 7after fertilization. Mean
valuesangedrom 111to 163rg/l.Tota!nitrogendeclinedrom236beforefertilizationto
188/rg/kfterfertilizationin 1976ndfrom400to 270/Agih 1978Nitrogerto phosphorus
atomic ratioswere usually greaterthan 20:1exceptfollowing the fertilization in 197 Avhena
low average ratio of 9:1 occurred in early August,

Phytoplankton . i ) . .

Igrlmaryproductlorwasnot measureduringour experimenin Little TogiakLakefor
budgetaryeasonsHoweverthe rate of carbon-fixatiorwasmeasure@nnuallyin Lake
Aleknagilduringthe 1960sandin oneyeatrin Little Togiak_ake Nosignificantdifference
in the rates was observed between the lakes. In Lake Aleknagik, primary production was
quitelow below20m andusuallyzerobelow30rn. Maximumratesof productionnearly
always occurred between3 and 10 m and midday production rates for the upper 20 m
averagedl4, 13, 12 and 15 rngC/m'/hin late June,mid-!uly, early Augustand early
Septembergespectivelyln our experimentwe relied on changesn chlorophylla and
measurementsof zooplankton standing stock to evaluate the effect.of fertilization on
primary production.

Cblorophyl! a increasedin eachyear of fertilization, usually in the upper 10m, andthe
amountof increasewas approximatelyproportional to the density of phosphorusaddedand
the amountof zooplanktonpresent Figure5!. In 1974and 1975,chlorophyll increasedonly
in the upper basin wherethe fertilizer was applied; however,in 1977and 1978,when fer-
tilizer was appliedonly in the lower basin,there were greaterincreasesn the upper basin.
This was probablycausedby the rnovernenpf warm surfacewatertoward the upperend of
the lake andthe lower densityof zooplanktonthere. Most of the water comesinto the lake at
the westend from melting snow and the prevailing winds are easterly.

After the beginning of fertilization in August 1974the chlorophyll concentration was
significantlyhigherin Little TogiakLakethanin LakeAleknagiluntil 2979vhenfertiliza-
tion was discontinued Figure 6!. The peakin chlorophyll concentrationduring late Juneto
early July was relatedto the estimatedamount of phosphorusin salmon carcassesn the
previousfall. Excludingobservationan 1979 whenthe peakobviouslyoccurredprior to our
first measurements!, but including observations in 1980, the correlation was .88 n =7!.
There was thus some evidence that nutrients from salmon carcasseshave a positive effect on
primary production during the early growth period of the progeny.

The phytoplanktoncornrnunitieswere dominatedby diatornsthroughoutthe summersof
1976and 1977.The greatestincreasein numbersafter fertilization occurred in the order
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Figur®, AmountéchlorophglD.2® tophdo!umefzooplanktbattonmtheuppdrasirsolid

line! and lower basin dottedline! of Little TogiakLakeduring summer1973-1979.
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Figuré. Amoumtfchlorophgllmg/nmitheuppe2Om irLittlelrogiakakand.akéleknagik!,
1973-1978hesolidbarsindicatécecoveponLittieTogiak akeandthehatchetbardndicatavhen
fertilizer was applied.

Centralesn 1976, and in Pennalesin 1977.Therewereincreasesin cell volumesof both
orderan 1976put onlyin thePennales 1977Asteriorte!farmosavhich contributed®3
percerntftheotal cellvolumen 197@ndB0percenth 197 Avashespeciesnosaffected
by fertilization,Followingfertilizationin 197796.5percenof the phytoplanktostanding
cropwasA.formos@ycfotellooceHataasthe nextprincipapeciesffected byfertiliza-
tionandnbothyearthereveresignificamcreases inthevolumefthisspecies following
fertilization Blue-greemlgaevereabsenin 1976pbutAnabaenandChroococcudid ap-
pear after fertilization in 1977.

Zooplankton . ) ) )
Thevolumeof zooplanktorarlyin thesummerwasgenerallyhighem LakeAleknagik
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Figuré, Settled unwzooplanktomihLittld ogidkakatweekigtervadmdanlakea!leknagik
X!,Nerka!, endBeverleyand Knlik X!,

thanin LittleTagiak akeexcepin 1979ateinthesummethevolumefzooplankton
Little Togiak_aketendedo be higher Figurer!. Theabundanoaf sockeyé&y and
threespinesticklebackwhich feeduponseverakpecie®f zooplanktorywaslow in both
lakesduring1973and 1974put highbetweerl975nd 1979Evenso,settledvolumeof
zooplanktanereqwtehl_ghdurlnglateAugius'of 1975andrelativao thedensityof
predatoisthelakeagaim lateAugussf 1976-lowevethesdighvolumeserecaused
In partbyrelativelyhighdensitie®fthelargecladoceramlo!oped umgibberumvhichwas
not commonlyeatenby either fish speciesHolopediunwas scarcein 1973and 1974,
relativelgbundamt lateAugusbf 197and19760,000and20,000/nrgspectivelyphd
then was nearly absentfrom Little Togiak Lakebetween1977and 1979.
Wecouldnotfully evaluatéhe effectof fertilizatioron the zooplanktocommunity
becausrirsamplintgrminateitt Septembéihisvagfterata timevhersomepecies,
suctasDiaptomugaciligcurytemoyaikonertsaydDaphnibngiremiserancreasing
inabundanceigurd@! Onlytheseasonatcurrenad Eubosmimartgs marv_astYplcaI-
IKthlnoursampIm_ eriodT hedensitiesf Cyclopsolumbianwshichcanlivelonger
thana yearweresimilann thetwolakegriorto fertilizatiorutit wasgenerallgnore
abundarm LittleTo |aILak€afterfert|I|zat|oandhereNereaxceEtlonaHygmlensntes
in Julyl979Calanoidapepodwereunusuallynumeroug September978Eubosmina
July1978nd2979andDaphnian Augustl976nd1978evernthoughfishdensitiesvere
highfrom 19750 1979Theabundancesf all zooplankteraerelowin 1977Betweeri 974
and1978therotiferAsplanchnap.wasrelativelyscarcavith maximunabundancesf on-
ly 20,0000 55,000/mHoweverin lateJuly1979Asplanchrizecameeryabundant,
reachinglensitie®f 187,000/mAt thattimeit wasnextto Cyclopsn abundance.

Benthos

Chironarniclsbea majaourceffoodorjuvenilsockegalmoandhreespine
sticklebaskJunandlulywvhernheabundanoézooplankt@usualliow Average
catchefemergectironornidereonsistengseaten LakéleknagdikannLittle
Togiak akeFigur®! whichisprobablgecaudeakedleknagikasnoresuitablaabitat
forchirortorrtigroductiotharndoed.ittieTogiak akeCatches LakeAleknagitturing
1974ndperhaps 197%erdow partlybecaussamplingid notbegirsoorafterice
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Figur8. Summabundamdeooplankierattiel ogiakakand.aké!eknagkd 1973-'1979.
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Figu@ Averadm!gatcheismergemironontidendsummelak&ieknagik 969-dr8y 9!
Little Togiak Lake 1973-1979!.

breakugsinotheyeardn LittleTogiak akethehighestmergencatesccurreliring
earlyAugustwhereasatchesluringlun@ndearlyulyvere usuallyquitelow to 3 per
trapparday! Hycontrastherevaftera highemergencatein LakeAleknagigoon
aftertheicewasoutin earlyJuneandthenanothgreak emergencm lateJuly Neitherthe
seasonabccurrenceor theaverageatchof chironomide LittleTogiak Lakewere
apparenthaffectedy fertilizationhoweverfishabundan@ndpresumakhbyedatioon
chironomidswere also higher after fertilization.

The re!ntivoabundance of nhironornid larvae in benthic samples from little Togiak Lake
declinemh Augustl97%andherincreased1978, butmearnvaluedorl978&ndl979vere
notsignificantlgifferentromthosén 1974ndl975-igurd 0! Differencestherelative
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Figurg0. RelatiadundancedbenthicganismsiLittld ogidkakdzacpoiristhegeometric meaaf
eighibservatiorgarhiuguttearlpeptembem197andatdunmearlfeptembeimother

years.

annuabundancefoligochaetageresimilanchironomidsandhecompositionfben-
thi@animaldichothangsignificanthpm 97¢hrougldl 97 DurintP7@and 97dea
clamsveremorenumerouklanin prioryearshuttheywerenotabundarim 1979.

Fish Abundance and Growth
Inbothakesheaveraganudleackeineatchedsockeye salmdnyandhreespine
sticklebaaleréowern 197andl974hamn 197%01979Thancréaseisockeye

catchexdted 974orrespondoincreasas parergscapementsbotiakeCatched
three5||0|rwcklebamlereelatlvelgowt_hrou7ghomdakesystenfror_rw?ﬂw_rough
1974ollowingxceptionallycolcsummeirs 1971nd1972Theybegatoincrease
abundandarlng_783atche9fothe$pe0|es_l|oh_ot:han?65|gn|f|cantd;ur|_ e
seveyearBeacteineatchésmostpeciegerdighenLakéleknagik  thannLit-
tIeTogl:lalakeQ\verageeftheannugbometrlmeanatchaser 02and®2sockeye
salmainy 92andb9threespinestickleback /andensculpitCottugnatus!,anden
andiveninespineaticklebacRurtgitiymirtgitiusespectivelowevearatchegArctic
(Azlhﬁufry\liveremgnlflcantlyhlghenn LittleTogiakakel9compared withfivein Lake
eknagik.

Thagrowtiatesnm/dayetweg0Junand Segtemtma‘socke Imofmywere
high@rLak&leknagikexceptl9772%0.27And.979280,39T hdryweréonger
onl Septetnbier_akéleknagdaclyeaexce®979Growtratesfagd threespine
sticklebadlchotiffesignificantfpetwedhdakebuthewersignificanthyjonger
in LakeAleknagilGrowthrateof threespirgicklebaandArcticcharwerelowelin
bothHakeglurindl97%01979wherfishpopulatiomgeredensethanin 1973ntil974.

Zooplanktatundanckiringheearlysummeandhencéheamourdffoodnthefish
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stomachswas lowest in the upper basin of Little Togiak Lake,where most of the sockeye
spawn. Later in the summer, after the sockeye fry and threespine stickleback had moved off-

shore, there was little difference in the level of feeding between fish in the two basins of the

lake. Stomachsof sockeyefry and threespinesticklebackcollected offshore throughoutthe
lake during August usually contained 60 to 90 percent Eubosmina Although CycJopsvas
more abundant in the zooplankton hauls, it occurs deeper in the water column than the

cladocerans and probably is not as available to the fish. In August 1976, when Daphnia in-

creased in the zooplankton, there was a corresponding increase in the stomachs of sockeye

fry and threespinestickleback.However, fertilization did not greatly affect the growth of

sockeye salmon fry up to 1 September, except perhaps in 1978 and 1979 Figure II'. The

average weights of fry in those years were heavier than expected from the density of parent

spawners, but still within the range of variation from past years.

00 s4 ee

tteesiiy ttheesaaas per tee ot leke area!

Figure 11. Mean weights of sockeye salmon fry on t September lass-1979! in each of the Wood River lakes vs.

the relative density of parent spawners prior year]. Observations from Little Togiak Lake following
fertilization are indicated o!.

The mean lengths of age | smolts from Little Togiak Lake were comparable to those from
the lake system prior to fertilization; however, the sampling was limited except in 1961
Figure 12!. After fertilization, smolts from Little Togiak Lake were significantly longer than
smolts from the other lakes in 1977 and 1978.

Smolt migration from each lake in the system begins soon after each lake is clear of ice,
and this happens progressively later from the lowest lake Aleknagik! to the upper lake
Kulik!, which is clear of ice about two weeks later than Lake Aleknagik. Therefore, the first
stnolts to tnigrate out of the system are almost entirely from Lake Aleknagik.

The mean weights of age | smolts early in the migrations from Lake Aleknagik were plotted
against the mean weights of fry in Lake Aleknagik on 1 September in the previous year
Figure 13!, If we assumethat the correlation in the Lake Aleknagik data also applies to Little
Togiak data theo there were exceptional increases in weight from fry to smolts irt Little
Togialr following the fertilization, The observation for 1976 the year of migration! is
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Figure 12, Mean lengths of age | smelts in migrations from Little Togiak o!and the Wood River !akes at the outlet
of Lake Aleknagik ~!.
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Figure 13. Mean weight of age | smolts during the first 20 days of migration year shown! vs, the mean weight of
fry on 1 September of the previous year in Lake Aleknagik ~ 'and Little Togiak Lake o!.

misleading because nearly as many age Il srnolts tnigrated in 1977 as age | smolts in 1976.
The lake was not fertilized in 1979and although the fry had exceptionally good growth up to
1 September, their growth during September/October was apparently very poor becausethe
smolts that migrated in 1980were the smallest ever observed from Little Togiak Lake,
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'I'he numberof smoltsin the migration from Little Togiak Lakewere estimatedduring five
years. Sampling began too late in 1979 to obtain areliable estimate. The estimates in
thousands! were: 666 in 1961, 187 in 1976,510 8 percent age II! in 1977,541 in 1978,and
1,033 in 1980, Thus, the largest migrations contained the smallest smolts.

The purposeof fertilization is tn increasethe survival of juvenilesby eitherreducing mor-
tality from ma]nutrition starvationlor reducingmortality from predation,on the assumptio~
that this mortality is a function of sizeor health of the juvenile salmon. Predationby Arctic
char on sockeyesaltnon smoltsin Little Togiak River apparently decreasedfollowing fer-
tilization of the lake Table 4!. The nutnber of srnolts in char stomachs is partly a function of
the size of the char; however from 1977 to 1979, the average numbers of smolts in char
stomachswere low relative to the averagelength of the char sampledin thoseyears. Of
course predation by Arctic char in Little Togiak River is probably a minor source of mortali-
ty betweenjuvenilesin the lake and returning adult salmon,two to three yearslater.

Tabled4. Staiistmsfrom stomachsamplesof Arctic char collectedby hook and line from Little Togiak River
during 30 days following ice breakup, 1972-1979.

1972 1973 1974 1975 1976 1977 1978 1979
Samples collected in the day:

Number examined 49 18 49 206 170 50
Mean length tnm! 470 449 435 399 443 431
Percent containing smolts 67 50 61 21 42 38
Mean number of smolts 4.9 33 31 05 16 '16
Samples collected at night:
Number examined 62 72 64 53 47 119 146 128
Mean length mm! 446 429 429 404 400 411 431 441
Percent containing smolts 60 29 39 31 51 11 42 20
Mean number of smelts 45 16 16 13 1.2 03 14 1.0
Sockeye escapement to Little Togiek Lake in year-2
thousands! 55 24 14 14 48 30 18 26
Mean length of smelts in migration mm! 83 90 84 84 88 84 85
Lake level cm! 177 161 121 150 122 206 133 164
''ota! number of char removed 463 208 283 71' 113" 574 567 344
Total number of char measured 729 208 263 71 113 574 587 344
Mean length mm! 444 444 435 4'15 427 388 432 427

'‘Char were also removed hy the Alaska Department of Fish and Game; however, the total number removed in each
of these years was lessthan 200.

Adult Returns

The most difficult effects of fertilization to evaluate and yet the most important are the ef-
fects on the marine survival of sockeye salmon and the number of returning adults, Positive
effectson primary and secondaryproductivity and the growth of juvenile sockeyesalmon
were demonstrated in the Bare Lake and Great Cer.tral Lake experiments Nelson and
Edmondson, 1955; LeBrasseur, et al., 1978]. Effects on primary production were also
demonstratedin four other British Columbialakesin experimentscurrently in progress
Stockner, et al., 1980!. However, effects on the adult returns to Bare Lake were not fully
evaluated Nelson, 1959!and the effects on the adult returns to Great Central Lake were dif-
ficult to ascertain becausethe runs also increased in an adjacent unfertilized lake and there
was an increasing trend in the runs prior to fertilization,

The initial adult returns from juveniles in Little Togiak Lake when it was first fertilized
carne in 1977; however, first returns from the whole-lake fertilization came in 1979 and the
final returnswill not cotneuntil 1982.The runs to Little Togiak Lake were exceptionally
largo from 1978to 1980but sowere the runs to the entire lake system Figure 14!. The runs or
catches of all species of salmon in Bristol Bay and indeed most of Alaska have been large in
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Figurel4, Annual runs of sockeysalmoncatchplus escapementto the Wood River lakesystenmandLittle
Togiak Lake, Open bars when escapements estimated by aerial survey and solid bars when estimated
by countson the river.

these recent years. So relative to the area-wide increase, the initial returns of adult sockeye
salmon from the fertilization of Little Togiak Lake were not exceptional.

Summary

Little Togiak Lake was fertilized with diammonium phosphate to enhance the growth and
survival of juvenile sockeye salmon, and thus increase the abundance of returning adult
salmon, Fertilization increased primary production and increases in secondary production
food for juvenile sockeye] were observed in some cases but not in others. Growth of fish dur-
ing the early summer was not significantly increased except perhaps in 1979 the year follow-

ing the last fertilization! when there was an exceptionally high density of Cyclops. The ap-
parent growth from juvenileson 1 Septembeto smoltsthe following spring was greatly in-
creased after fertilization. Presumably the abundances of Daphnia and perhaps calanoid
copepods were increased in the fall; however, direct observations were seldom made after
mid-September. The age | sockeye salmon smolts were larger relative to the abundance of
parent spawners, their size asfry, and the size of other smolts in the lake system. However,
they were not larger than the largest srnolts observed at Wood River in pastyears when abun-
dance was low. The fertilization thus produced smolts that were above averagein size dur-
ing years in which they normally would have beenwell below averagein size. Whether this
larger size will result in higher marine survival and more returning adults hasyetto be deter-
mined, since the early returns of adult salmon to Little Togiak Lake have not been excep-
tionally large relative to the returns to the other lakes in the system.
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Trophic Level of Lake Dalneye Kamchatka! in the 1970s

E. B. Pavelieva

Pacific Researchinstitute of Fisheries and Oceanography. TINBO, Kamchatka rrranchi

Observations on the conditions in Lake Dalneye have been conducted over four decades.
The data obtained from this complex research program executed by E. M. Krokhin and F. V.
Krogius revealed some patterns relevant to salmon lakes similar in morphometric and
climatic conditions [Kragius, 1948and 1956;Krokhin, 1957,1960and 1968a!.Up to naw the
lake has undergone great changes. Fish migrations to the spawning grounds sharply
decreasedin the late 1940s.The abundance of spawning fish in the 1950sdecreased from
60,000ta 70,000 individuals to 2,000to 10,000individuals per year Krokhin, 1968b!, This
changed the ecological conditions which had been created in the spawning lakes over many
years. Krokhin [2957and 1959!proved that decomposition of spawned fish led ta enrichment
of lake water with phosphates. Since allachthanic input! inta Lake Dalneye is low, 25 per-
cent of all phosphate input was produced by carcasses. When the annual numbers of
spawners were less than 500 to 700 per 1 million m' of lake volume, their influence upon
phosphate concentration decreased. Current observations show a similar pattern.

Lake Dalneye is awell investigated model reservoir, especially in ichthyolagical and
hydrological aspects, The primary production level was regularly determined by indirect
chlorophyfl method. This method is simple but provides only an approximate level of
planktonic photosynthesis. Oxygen determinations in areas of low algal production and
great depths are subject to problems in methodology Kurenkov, 1966; Romanenka, 2971!.F.
V. Krogius 978! has measured primary production by plankton count and phosphate
utilization in Lake Dalneye for four decades. The procedure is of value in reservoirs with
high phosphorous concentration. The validity of this procedure is borne out by the work of
Petersen 977! using C to measure primary production.

The most precise counting of the abundance of organic rnatter newly formed during
photosynthesis is possible when using radioactive carbon. Investigations were conducted in
2970/2972 and in 1979 under conditions af afurther decrease in spawning migrations of red
salmon. At the sametime, total organic carbon was counted in suspensions of vegetation ta
reveal the trophic character of the reservoir during two seasons.

Materials arrd Methods

The research was conducted at a central station of Lake Dalneye at a depth of 56 m. Inter-
vals between surveysin the seasonalcycle of observations were ten to 20 days depending on
the change of biological phenomena in the lake. The sampleswere picked up from eight to
ten depths, the positions of which were selected with temperature stratification taken into
aCCOunt. Water waS taken with Sualyaev'S plaStiC water bOttle with a 2.5 liter CapaCity.

Phytoplankton production was counted with the help of the radioactive carbon method
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Steemann-Neillsen, 1952! modified by Yu. |. Sorokin 958!. Hydrocarbon content in water
was measured by the V. I. Romanenko and S. |. Kuznetsov 974! method, To count seston
abundancein the lake the water was filtered through glasswoolfilters. The volume of the
filtered water was in most casesabout 1 liter, Both filters and sediment were acidified with
blchromate Ostapenya,1965!.0n the basis of the layers' parametersof Lake Dalneye
calculatedby Krokhin 973! in accordancewith lake rnorphometry,the total abundanceof
sestonand phytoplanktonproduction per 1 m' of lake surfacein the seasonatycle of obser-
vations was counted. The sum of newly formed autochthonousorganic matter in the lake
was calculatedfollowing anintegral curve. The averageseasonalalueof daily primary pro-
duction and organic carbon suspensionsvas obtainedby the sametechnique.

Plankton Primary Production

Spring blossoming of Lake Dalneye is caused by mass development of the diatom
Stephottodiscugstraeovar. mirtutu!us Kiitz] Grun.!,which comprises90 percentof al! the
phytoplankton Sorokin, et al., 1974!. According to a white disc, water transparency
decrease$rom 9 to 15m in April downto 2 to3 matthe periodof maximumalgaedevelop-
ment. The basisof productivity of any aquaticecosystenis the production of organic matter
by phytoplankton.Thetrophogeniclayer of Lake Dalneyewherethis processoccurs,is 20m
on the average,epi- and metalimnion included. Optimum conditions for phytoplankton
photosynthesisrecreatedin thelayerof doubletransparency in May and Juneat a depthof
5to 7 ml. In summer and fall absolute values of photosynthesis are very low and transparen-
cy increasesup to 6 to 7 m. The highestprimary production for this period is at this depth
Figure 1]. Distribution of active algae potentially capable to reproduce has another character
curveKp! Theyconcentraten thethermoclingoneandfollowingit godeepeduringthe
vegetative season.As a result the huge algae mass suffers "lighting hunger.” This
phenomenonis typical of deepreservoirs.The curve rate of relative photosynthesisn the
water Kc]in june had maximumindices coinciding with the mostfavorablelighting in the
depths.The secondincreasein primary production wasobservedat the depthof concentra-
tion of the main phytoplankton massin July.
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Figure 1. Distribution of algaeactivefor potentialphotosynthesisK, in% from the surfacelandrelativephoto-
synthesis Kc, in % from the surfacelin trophogeniclayer in different periodsof vegetation Hatched
square area reflects the degree of "lighting hunger" of algae; horizontal dotted line means water
transparency,

Fluctuationsin phytoplanktonproductionfor the vegetationperiod of 197%hada tendency
similar to the 1970/1971 season. However, some differences were evident. Spring algae
development started nearly a month earlier and reached a higher level with a maximum of
5.3grS/mslt was 20 percentlarger. The main autotrophic phaseof the production process
was observed during May and June 1979, This is common for reservoirs of low and tnedium
trophic character. Summerand fall blossomingof Lake Dalneyehas notably decreasedas
compared with the early 1970s Figure 2!. This has had a negative effect on food resources of
zooplanktonfor that period. For the first month of the vegetationperiod the organic matter
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Figure 2, Seasonalfluctuations of primary production grS/m'! in various observation periods.
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Figure3. Vertical distribution of temperature t!, primary production C, S/m'and seston S, grS/m*!during
vegetation season,

per square meter of lake surface was ten times more than for the entire following period. A
total of about230grSer 2160kcal/m' was producedin the lake in 1979;that is 40 percent
higher than in 1970/1971.

Seston

The abundance of organic matter of seston serves as a reliable index of reservoir produc-
tivity Vinberg, etal., 1971!.Vertical distribution of suspensions enablesusto determine their
density in some layers of lake water Figure 3. In April the sestonis evenly distributed in the
depths under ice amounting to 0.3 grS/m' early in the month and 0.2 grS/m' at the end of the
month. During spring stagnationits concentrationin epilimnion, asa resultof lakeblossom-
ing, reached 1,3 grS/ms with 0.8 to 1,0 grS/rn' in the depths. Up to midsummer organic
suspensionn the layer0 to 10m contained0.9to 1.1grS/m'. It is interestingto notethat in
the period from mid-June to mid-july sestonabundance in trophogenic layers is twice that of
hypolimnion layers. Afterwards, its concentrationis distributed evenly through the entire
water mass. This fact may serve as a indicator of the time of dying off of the spring
phytoplankton population. General lowering of sestonconcentration in the lake atthe end of
the summer and in the fall testifies to the consumption of organic suspensions or detritus by
zooplankton.
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Sestonabundancein the lake dependsdirectly upon the photosynthesisntensity. When
we follow the changesin total organic suspensionand primary production content for the
whole seasonit will be obvious that the largest part is caused by phytoplankton development.
In spiteof the differencesin the percentageof synthesizedmnatterfrom all sestonduring the
summerthe averagevaluesfar 1971and 1979areconstant.7,5and 7.6percent,respectively.
This is an indicator of the stability of biological processeswithin the ecosystem,which may
serve as a criterion for a reservoir type. Suspensions, according to their absolute values, are
anorder higherthanthe value of plankton photosynthesisThis is in agreemenwith correla-
tion of production and algaebiomassdata Sorokin,etal., 1974!aswell asthe contentsof
detritus of phytogenicorigin in the sestonof Lake Dalneye Pavelieva, 1974] seeFigure4!.
When comparing the total seston per average square meter of lake surface for two seasons,
we noted that the trophic level in 1979, following this index, slightly increased mean con-
centration was 18.3grSim'! and was in good sequencewith the autochthonous phase of the
production process.During domination of heterotrophicprocessesestoncontentsin both
investigativeyearsbecameequal Figure5!.

Specificityof Determinatiorof Trophic Levelof SalmonLekesof Lake DalneyeType

The levelof primary productionis the basiccriterion for characterizingthe reservoirtype
Vinberg,1956and 1961;Robinsonand Barroclough,1978!In this case we first mustdecide

ts mu

Figuret. Seasonahtterrof fluctuationsfabundanaaf sestort!, detritus] andphytopianktomatched!.
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Figure 5. Seston dynamics grS/rn'! during two seasonsof vegetation.
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what value the investigatorsmean when determining the intensity of photosynthesisby
assimilated C"0,. On the basis of some literature and my awn data obtained from Lake
Dalneyewe may considerthe givenvaluesof organic matternewly formedduring photosyn-
thesis to be the net plankton production. When using a transitive coefficient of 1.54
Romanenko,1976%the grossprimary productioncomprised 2300kcal/m' in the early 1970s,
with 3300kcal/m'in 1979a 44percentincrease According to the primary productionvalue
per square meter, Lake Dalneye ought to be called a medium trophic reservoir, as E, M.
Krakhin 968a! suggested.But ta characterize a reservoir we should take inta account the in-
dicesof primary production aswell as other characteristics!per unit volume, This cor-
relateswith the fact that in oligotrophic reservoirswith goodtransparency,photosynthesis
also occurs at considerable depths showing values per square meter relevant to shallow
mesatrophic or even eutrophic reservoirs Vinberg, 1960; Romanenko, 1965!. Fluctuation of
the net plankton production from 5 to 700grS/m' was observedin the traphagenic water
layer of Lake Dalneyeduring three vegetativeseasonsThe first figure correspondsto the
lower values for oligotraphic reservoirs. The secondone refers to the upper valuesfor
rnesatrophic lakes Vinberg, et al., 1971; Kuznetsov, et al., 1971!. This kind of fluctuation is
observed from the moment of spring hornothermal conditions ta the cessation of lake
blossoming. As a result of photosynthesis 250to 350grS/m' of the sestonis farmed in the lake
during the ice-free period.

At present, most investigators Halmann, 1972; Powers, et al., 1972; Tanner, et al., 1972;
Welch, et al., 1978!have reached the conclusion that phosphorus is the basic element affect-
ing the changeof primary productionin a reservoirespeciallyone of low traphic character.
Carcass decomposition in Lake Dalneye in the '1970s did nat considerably influence the
phosphorus regime because its abundance sharply decreased Krokhin, 1967!. Hence,
nutrient rotation within the ecosystemwvas exercisedwith the help of organic matter syn-
thesis by phytoplankton, and with further dissimulation through the detritus and
zooplanktonic area. Ecosystemlossesof organic phosphoruscompounds,as a part of
downstream migrant juveniles of red salmon and seston removal from the lake, are to some
extent indemnified by carcassdecompositiontogetherwith ground and rain waters and
brooks flowing into the lake,

Determination of the seasonalpattern of primary production of organic matter of Lake
Dalneyein 1970/197&nd 1979showsthat its level has stabilizedand at high values.This
occurs because of exclusively favorable conditions for using even very small nutrient con-
centrations in early summer. Phytoplankton production in late summer keepsthe level rele-
vant to oligotraphic reservoirs,i.e., 0.2to 0.7 grS/m' Kuznetsov,et al., 1971;Sorakin and
Fedorov, 1968!,At present,the effect of relative lake oligotrophizatian is shown in the
weakening of its summer and fall blossoming coinciding with the extreme lack of mineral
phosphorus! Quite an abundantreserveof organic rnatteris formedin the lake during the
vegetative season.

To take into accountthe direct influence of primary production of a growing reservoir
upon salmon production R, C, Dugdale and V. A. Dugdale, 1961;Manzer, 1976;Nelson and
Edrnondson, 1955!, it would be advisable to direct fisheries and cultural works ta fertilize
salmonlakesin our country. However,it is necessaryta takethe specific characterof every
reservoir into account. For this purpose, integrated works ta study the ecosystem as a whole
are needed.They should consistboth of hydrological and abtotic factors affecting salmon
production,

Conclusions

The phytoplanktoncommunity of Lake Dalneye developsunder springhomotherrnalcon-
ditions with maximal concentrations of nutrient compounds for the vegetative season,Dur-
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ing stratification, N and P abundance in the trophogenic layer is depleted. This leads to a
decreasein primary production.

The main portion of the active algae in the meta- and hypolimnion lacks subwater lighting
during the whole productive period.

Fluctuations in primary production for all the investigated vegetation periods were
similar. In 1979,the spring blossoming of the lake was observed a month earlier and reached
a higher level 5.3 grS/m'. This is 20 percent larger than in 1970/1971.Synthesis of organic
matter in summer and fall was, as awhole, lower than in the early 1970s.

The total content of organic suspension in the lake was a result of primary plankton pro-
duction. Suspensions, according to their absolute values, were nearly an order higher than
the value of daily photosynthesis per square meter,

According to suspension abundance and phytoplankton production, the trophic level of
Lake Dalneye in 1979increased slightly in comparison to the 1970/1971level, Correlation of
these values for these years is constant, This proves the stability of biological processes
within the ecosystem.

Gross primary production of plankton when using the transitive coefficient of 1.54!com-
prised in 1970/1971an average of 2300 kcal/m’', with 3300 keel/m' in 1979.

At present, the trophic level of Lake Dalneye is expressed by rather high values. However,
primary production in summer and fall is very low; zooplankton exists due to detritus. This
leads to energy loss within the ecosystem. In this sense we may speak of the relative
oligotrophization of k.akeDalneye in recent years.
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A Progress Report on the Effect of Rearing Density
on SubsequentSurvival of Capilano Coho
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Abstract

TwoexperimentgereconductedtCapilan&almoldatcheryNorthvVancouveB.Ctodetermintheeffecof
rearingdensityon subsequensurvivalto adult. Thefirst experimentinvolved 197%roodcohotransferredaseyed
eggdrom theBigQualicumRiver, The secondexperimentutilized 197 7broodcohonativeto Capilano Bothgroups
ofeggsverencubateth Heathrays- 7,50@ggs/trayntilMarch197&nd1978espectivelgiwhichtimethe
fry weremovedto 6.5mlongfiberglasdroughsto commenceearing.Theloadingratein thetroughswas 35,000
fry/m'. Thefry werefed OregonMoist PelletsOMPJbasedonthe standardfeedingscheduleandby mid-Junehad
reachednaveragsizeof 1,50 3.0g. Thefry werghenloadedntoa Burrowpond4.6mx 5.6nx0.9mpatfour
different densitylevels flow ratein all pondswas 26j/sec!,

Standarchatcheryrearingpracticeswerefollowedandall groupsweremaintainedon OMPdiet. Prior to reiease,
fish from eachof the four groupswere markedby removalof the adiposefin and a binarycodedwire tagwasin-
jectedinto the snout.Oncethe fish were markedthey werereturnedothe pondfrom which they had beentaken.
Fromthetotal numberof markedfishin eachpond 3 to34percendf eachgroupweremarked!a newpopulation
estimate was made using the marked ta unmarked ratio.

Duringrearing, mortalitieswererecordedh eachof the pondsandrangedfrom 1,0to 3.4percent.However the
populationestimatesasedon the markedto unmarkedratiosrevealeddiscrepancylossesof 11.3to 16.6percent.
Asit wasimpossiblega determineat which point theselossesoccurred,it wasassumedhat the numberof fisb in
the pondat releasavasthe calculatednumber,and for purposesf comparisorbetweengroups,this numberwas
usedto expresghe density of fish reared:

Density Low Med. Low Med, High High
1975 brood 500 664 731 901 fishirn'
19/7 brood 504 675 751 931 fishjm'

Bothbroodswerereleasedn theeveningsof 6 and7 Junén 1977and 1979 respectivelyat an averagesizeof:

Density Low Med. Low Med. High High
1975 brood 15.89 19.0g 19.1g 14.49g
1977 brood 15.3g 17,69 '16.3g 14.79

Tocompargherelativesurvivabetweethedifferentdensitygroupst wasdecidedo useonlythe numbeof
marks observed in the fishery and escapementand not the expanded values adjusted for sampling rates in specific
fisheries.Recoverydatafor the 1975broodis completewhile lessthan 10 percentof the markedrecoveriedor the
197roodhavebeenreportedto date.For purposeof comparisonwithin a broodyearthegroupswith thelowest
survival rate havearbitrarily beenassigned valueof 1. The survival ratesof the other groupsvithin that brood
year are relative.

Density Low Med, Low Med. High High
1975 brood 1.64 1,42 1.35 1.00
1977 brood 1,80 1,73 1.16 1.00

Forthe rangeof densitiestested,it is clearthata pond with halfasmanyfish low density!will producejustas
many adultcohoto the fishery and escapemess will a pondof fish rearedat high density.
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Effects of Environmental Stressorsin Aquacultural Systems
on Quality, Smoltification and Early Marine Survival
of Anadromous Fish

Gary A. Wedemeyer

U.S. Fish and Wildlife Service. National Fishery ResearchCenter,
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Abstract

Fish in intensive culture are affected both by the demands of the aquatic environment itself and by the stress of
hatchery conditions and practices such as handling, crowding, transporting, and diseasetreatments. In
anadromous fish, the effects of stress include inhibition of the parr-smolt transformation, impaired  migratory
behavior, and reduced early marine survival. The physiological tolerance of fish to stressis discussed and methods
arepresentedor its quantitativeassessmeniyhich canbeusedto monitorimpactson fish healthandquality dur-
ing rearing. Recommendationare givenfor the environmentalkonditionsand hatcherypracticesthatwill reduce
environmental stress and increase efficiency in the use of artificial propagation for the enhanceinent of fisheries,

Environmental Stress: An Overview and Definition

In a discussion of the physiology of fish in intensive aquaculture, a good starting place is a
consideration of the effect of normal conditions in the aquatic environment itself. Fishes
commonly live under somewhat rigorous chemical and physical conditions, many of which
have no analogue in the terrestrial environment. They are physiologically adapted to these
conditions, but this adaptation does not imply the absence of an energy drain Lugo, 1978!.
First, fish must expend a significant number of calories frotn the diet! in overcoming fric-
tional drag during swithmmg and in moving water over the gills to obtain oxygen. Second,
the water acts asa dialyzing medium for the blood. Thus, the epinephrine-induced increases
in gill circulation when additional oxygen is needed result, as well, in an increased water
influx. The electrolyte loss causedby the resulting diuresis can be severe. Third, the amount
of dissolved oxygen available for respiration is strictly limited; it is normallyonly about 10to
12 magtl, is frequently much less, and can fluctuate widely. This restricted availability of
oxygen is in contrast to the relatively steady 300 mg/l available to air breathers.

Thus, homeostatic control in fishes is continually challenged by the normal
physiochemical demands of the aquatic environment itself. Added to this may be stress from
habitat alterations, interspecific competition from other fishes, and in hatcheries! stress
from operating procedures.

Fish in hatcheries are routinely subjected to relatively intensive biological, physical, and
chemical conditions. These include high population densities, handling, transporting,
disease treatments, and fluctuating water temperatures and chemistry Piper, 19S1!.All of
theseconditions, together with the fright that accompanies them, can impose a considerable
load, or stress,on the physiological systems of fish. Stressthat exceedsa fish's physiological
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abilityto toleratds, of courseeventuallyethal.Individualstresgactorsn aquaculturare
usuallysublethain themselvesut sincetheyfrequentlyoccurin multiplesthe resulting
physiologicdlbadimposedtanreducegrowth,predispose physiologicalpr infectious
diseasesif pathogensare present],and impair the ability of fish to surviveadditional stress
following release.

Thepresenuseof theterm"stress"is inconsistenty is looselytakento meanboththe
physiological responseof the animal, and the environmental stressfactor itself. At the
organisnievel,stressvasoriginallydefinedas"the sumof all the physiologicaksponses
by which an animal tries to maintain or re-establish a normal metabolism in the face of a
physicalor chemicalforce” Selye, 1950!More recently,stresshasbeenconsideredo bethe
effect of any environmental alteration or challengethat extendshomeostatic or other
stabilizingorocessedseyondchormallimits, atanylevelof biologicabrganizationspecies,
populationor ecosystenEschandHazen,1978Peters1979Wederneyeand McLeay,
1980!. The present recommendation is to use "stressor" to mean the environmental factor

althoughtermssuchas "handlingstress“are frequentlyused!.Thus,a stresdactor,or
stressor,is an environmental or biological challengethat is severeenoughto require a
physiologicabr behavioraresponsdy a fish. If the stressresponsean reestablista
satisfactoryelationshifpetweernhe changeadnvironmenandthe fish, adaptatiomo the
stressowill occur,Suchanadaptatiomequireshata seriesf physiologicathangetake
placewhichin higheranimalhasbeencalledthe generahdaptatiorsyndrome,

In fishes,the stressresponsenvolvesa seriesof primary, secondaryand tertiary
physiologicathangethatarerecognizablgimilarfor anystressinggentg,g. handling,
diseasdreatmentsiright, forcedswirnrninganesthesiaapid temperaturehangesand
scaldoss.Thusthestressesponsef fisheds atleastsimilarto thatoccurringnthehigher
vertebrates Gronow, 1974].

The sequencef the physiologicalchangesasfish attemptto maintain homeostasisn the
faceof a stressfubiological or environmentalchallengecanbeoutlined asfollows Chavin,
1973; Donaldson and Dye, 1975; Schreck, et al., 1976; Mazeaud, et al., 1977, Peters, 1979;
Wedemeyeiand McLeay, 1980!.

Primary endocrine] effects
Adrenocorticotrophic hormoneis releasedirom the adenohypophysis
Catecholamines and corticosteroid hormones are released from the interrenal
Secondary hormone induced! effects
Bloodchemistryandhematologicakchangesjncluding byperglycerniahyperlacticemia,
hypochlorernia, and leucopenia
Tissuechangessuchasdepletionof liver glycogenand interrenal vitamin C, and inter-
renal hypertrophy
Diuresisoccursresulting in osrnoregulatorydysfunctionsdueto blood electrolyteloss
via the urine
Tertiary effects
Physiological and behavioral disorders
Delayed mortality due to blood electrolyte imbalances
Reduced growth and food conversion
Inhibition of the parr-smolt transformation of anadromous fish
Increasedsusceptibilityto fish diseaseslue to impaired phagoeytosisimmune, and
inflammatory responses
Population and ecosystem effects
Reducedintrinsic growth rate, recruitment, compensatoryreserve
Altered species abundance and diversity.

The duration of the stress has an important bearing on the physiological outcome. For ex-
ample, an acute stress results in a partial depletion of vitamin C, corticosteroids, and
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cholesterol in the interrenal tissue and anterior pituitary. Under chronic stress, a complete
depletion will occur together with tissue hyperplasia and hypertrophy,

Thus, afish's survival in the face of environmental stressors depends upon its ability to
regulate compensatory processessufficiently to maintain the degree of homeostasis required
for life. A stressor requiring an adjustment that exceedsthe fish's capacity for accommoda-
tion eventuallyresultsin diseaser islethal. An understandingof the physiologyof the stress
response, and the degree of change to which fish can adapt through this mechanism, is im-
portant to a definition of the aquacultural conditions required to maintain optirnurn health.
Although fishescanusually surviveenvironmentalstressfor limited periodsbecauseof their
homeostatic capabilities, this should never be used as an excuse for operating aquacultural
facilities under marginal conditions. Instead, these capabilities should be used to set
priorities and limits for the environmental conditions needed to optimize fish health, smolt
functionality, and marine survival.

The Stress of Intensive Fish Culture

Fishin aquaculturalfacilities are continuouslyunder somedegreeof stresshecauseof re-
quired hatchery practices such as handling, crowding, hauling, drug treatments, and par-
ticularly during stacking! unfavorable or fluctuating temperatures and water chemistry. This
stress is superimposed on that due to the previously mentioned "normal" conditions in the
aquatic environment. When recirculation systems are in use, unique conditions of water
chemistry can occur that will causeadditional debilitation. Theseinclude fluctuating ex-
posure to low levels of un-ionized ammonia NHal!, nitrite NOi-!, nitrate NOs-!,carbon diox-
ide, and gas supersaturation; frequently accompanied by elevated water temperatures to ac-
celerate growth!. Furthermore, pond loadings and population densities are often dictated by
economic rather than biological considerations Piper, 1981!.

Water Quality Effects

Because of the many physiological, chemical, aod behavioral factors that affect the
tolerance af fish to alterations in the aquatic environment, it is difficult to recommend op-
timum water chemistries, temperatures, and flows for all aquacultural systems.One reason
is that the effects of water chemistry vary with the species, size, and ageof the fish, and with
its previous history of exposure to each variable in question; a second reason, is that the
water chemistry itself hasa strong influenc on the toxicity of any contarninants present. For
example, the toxicity of most heavy metals is substantially reduced irr waters of total hard-
ness greater than 100 mg/1 as CaCOa!.Water temperature arrd dissolved oxygen can in-
fluence toxicities by affecting ventilation rates, and hence the amount of contact of dissovled
substancewith the gill epithelium. A final reason is that most present water quality inforrna-
tioo is basedon toxicity rather than on fish health considerations. There is, however, limited
information available indicating that in soft water recirculation hatcheries, mineral addi-
tions to increase the dissolved Cl and Ca++ levels will improve smolt functionality and
general fish health. In spite of above reservations, however, there is general agreement on
some environmental chemistry limits. The values given in Table 1 would probably be con-
sidered reasonable for salmonid aquaculture in either flow-through or recirculation systems.

Considering anadromous fish as a special case, it is becoming apparent that the en-
vironmental conditions required to optimize the parr-smolt transformation are somewhat
more exacting than previously believed. Water chemistry, temperature, and photoperiod can
all have major effects on smoltification and early marine survival Wedemeyer, et al., 1980al.
One example, particularly pertinent for resource managers, is the effect of exposure to trace
heavy metal during rearing Lorz aod McPherson, 1976!.The development of the gill ATPase
enzyme system of parr- arrd pre-smolts is apparently inhibited by levels of dissolved heavy
metals, singly and in combination, that are well within presently accepted safe limits for
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Tablel. Environmental conditions recommendedto minimize stressand promote health sad quality of
salmonidfish in aquaculturalsystems Environmental Protection Agency, 1978;Wedemeyeret al

1980b!,
Water chemistry characteristic Rerommended environmental limits
Acidity pH 6-9
Alkalinity atleasOmg/l asCaCOh flow-through100mg/lin rerirculatiorsystems
Ammonia NH,! 0.02 rng/l un-ionized form!
Cadmium'’ 0.4 /rg/l in soft water 0D mg/I as CaCOr!
Cadmium’ 3 /rg/lin hard water 00 mg/I as CaCOr]
Chromium 0.03 mg/I
Coppers lessthan 5 rrg/iin softwater; 30/rgllin hard water
Mercury 0,05 rrg/l average, 0.2 rrg/l maximum
Nitrite  NO,-! 100/rg/l, soft water; 200 /rg/l, hard water
Nitrate NOe! 10 mg/l, salt water
Pesticides /rg/l!
Aldrin 0.D03
Chlordane 0.010
DDT 0.001
Heptachlor 0,001
Malathion 0.100
Parathion 0.040
Polychlorinated biphenyls 0.002 mg/l as Aroclor 1254!
Supersaturation’ Maximumtote! gaspressurel10%of air saturationvalue sealevel!
Temperature 15Cfor growth, normal smoltification and migration of anadromous

salmonids except steelheadtrout, Atlantic salmon, 13'C for spawrring,
hatching, and egg development of Pacific salmon and stee!headtrout; and nor-
mal smoltification, growth, and migration oi steelhead trout, Atlantic salmon,
90Cfor spawning,eggdevelopmentind hatchingof Atlantic salmon.

Total suspended, settleable solids 80 rng/l or less

'A maximum of 0,005 mg/l is healthier for salmonids.
'To protect salmanid eggs, fry, and normal smoltification.
"To protect salmonid eggsand fry.

'‘Copper concentrations exceeding 5-10/rg/Imay suppressgill ATPase and compromise smoltification of
anadromous selmanids.

'Not to exceed 102-103s5[for eggsto prevent coagulated yolk or white spot disease?.

non-anadromoudish. For example,chronic exposureto copperat only 20to 30/rg/lduring

the parr-smolttransformation of coho salmon O. kisutch! partly or completelyinactivates
gill ATPase function, The biological damage is not apparent until the fish are moved into salt

water, at which time substantialmortalities occur. A more subtle but equally devastating
consequence is the suppression of normal migratory behavior. Similar results were reported

by Davisand Shand[1978]for sockeyesalmon O. rrerkal.Exposingsmoltsfor 144hoursto

copperat 30/rg/limpaired hypoosmoregulatoryperformance[asrevealedby the seawater
challenge test! and some mortality resulted!.

Cadmiumlevelsof morethan 4 /rrglin freshwateralsoresultin 8 dosedependentmortality
if exposedcoho salmonsmolts are transferred directly into 30 parts per thousand ppt!
seawater Lorz, et al., 1978a!. However, if a five-day freshwater recovery period is allowed,
saltwatersurvival returnsto normal. In contrastto the effectsof copper,sublethalexposure
to cadmiumor zinc during rearing apparentlydoesnot adverselyaffect migratory behavior.
However, if dissolved copper is present aswell, synergistic effects occur and both migratory
behaviorand gill ATPasedevelopmentare suppressedAgain, few changesin growth or
behavior are apparent and the smolts appear to be normal in the hatchery.

Exposureto nickel or chromium at concentrationsup to 5 mg/l for 98 hours does not
adversely affect migratory behavior or seawater survival. However, sublethal mercury ex-
posure does result in a dose dependent seawater mortality Lorz, et al., 10784a],

The fact that smolts exposed to heavy metals would be unable to migrate directly into thc
ocean would tend to increase their rosidence time in.the river and estuary with consequent
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increased exposure to predation and to diseases such as vibriosis and viral erythrocytic
nec rosis.

Lessis known about the effects of low level heavy metal exposure on smoltification and
migration of sockeye, pink O. gorbuscha!, chum O. keto!, or fall chinook O. tshawytscha!
salmon, all of which have freshwater behavior patterns that are different from these coho.
However, Servizi and Martens 978! did report that mortality, hatching, and growth of
sockeye salmon during the eggto fry stage were not affected by continuous exposure to 5,7
pg/lcadmium. Sensitivity increased during development from the alevin to the fry stage. For
copper, the incipient lethal level during the eggto fry stage varied between 37 to 78 pg/l for
sockeye salmon and 25to 55 pg/l for pink salmon. Hatching mortality occurred only at con-
centrations that were also lethal to eggs and alevins. In pink salmon, mortality occurred
when copper concentrations in tissues reached 105 mg/kg in eggsor 7 mg/kg in fry, For in-
organic! mercury, exposure to concentrations of only 2.5 pg/l caused malformation of em-
broyos of sockeye and pink salmon that occurred when tissue concentrations reached 2
mg/kg,

In addition to exposure to trace heavy metals normally due to drainage from mineral
deposits, or to hon-point source industrial pollution!, increasingly intensive forest and range
management, and agricultural practices are resulting in chronic low-level herbicide and
nitrate concentrations in waters used by juvenile salmonids. For example, coho salmon
smolts exposed for 96 hours to Tordon 101 a formulation of picloram and the
dimethylamine salt of 2,4-D used for brush, weed, and vine control on non-crop lands, in-
cluding rights of way! at 0.6 to 1.8 mg/1just before they were releaseddid not migrate as suc-
cessfully asdid the control group Lorz, etal., 1978b!.Other 2,4-Dand 2,4,-5-T formulations,
such as the esters used for control of Eurasian watermilfoil, may also inhibit migratory
behavior of srnolts. The potential for such deleterious effects should be considered in deci-
sions involving the applications of herbicides.

Ammonia, urea, and other potential sources of nitrate are entering natural waters from
domestic or industrial sewage, animal feedlots, seepage, return flows from agricultural
lands, and the aerial application of fertilizers to forests and rangelands.

Chronic nitrate exposure at concentrations of more than about 10mg/l have been shown to
be mildly toxic to the developing eggsand early fry of rainbow and steelheadtrout Kinchloe,
et al.,, 1979]. Chinook salmon and Lahontan cutthroat trout S, clarki! were adversely affected
at 20 mg/l and higher. Coho salmon are sufficiently resistant that nitrate exposure during in-
cubation is probably of no concern, even in recirculation hatcheries using biological filtra-
tion.

Temperature, Crowding, Handling, Scale Loss

In recirculation facilities, it is economically feasible to use heated water to accelerate
growth and shorten the normal time needed to produce smolts Saunders, 1976!. However,
recent research has shown that such artificial temperature regimes must be used with care
because they can influence the pattern of smoltification, as well as increase growth. Both
hypoosmoregulatory ability and development af gill ATPase function can be affected. In cer-
tain species, elevated temperature not only can accelerate the onset of smolting but also can
hasten the process of desrnoltification, thus shortening the duration of the smolting period
Figure 1!. Coho salmon show a delayed rise in gill ATPase function at 6'C, a more nearly
normal pattern at 10'C, and a precocious development pattern at 20'C Zaugg and McLain,
1976!. Experience has shown that temperatures up to 15QCare acceptable for the accelera-
tion of smolting so that juvenile coho salmon can be introduced into seawater in their first
year; however, as shown in Figure 2, desmoltification is also accelerated, which reducesthe
period of time during which the fish can be safely released Novotny, 1975; Donaldson and
Brannon, 1976; Clarke and Shelbourn, 1977!. Juvenile fall chinook salmon also revert to the
parr form more rapidly at elevatedwater temperatures Clarke and Blackburn, 1977!.Ac-
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Figure 1. ''he ettect ot water temperature on the pattern of gill ATPase activity development in juvenile coho
salmon redrawn from Zaugg and McLain, 1976!.
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Figure 2. Effect of water temperature on gill ATPase activity in yearling steelheadtrout, A, Rearedat 8.5'C. then
iarrow! transferred to 15'C. B. Reared at 1soc, then arrow! transferred to 10%.
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celerateddesrnoltification during rearing at elevatedtemperaturescan be at least partly
overcome by holding juveniles in dilute seawater at salinities of 10to 20 ppt W. C. Clarke,
unpublished data, cited in Wederneyer, et al., 1980a].

For certain salmonids, acceleration of growth by the manipulation of temperature is less
feasible. Anadromous rainbow trout steelhead! are particularly sensitive to the elevated
rearing temperatures sometimes used to accelerate their growth Figure 2!. Srnoltification
can beinhibited at temperaturesof 13'Cor higher Adams,etal., 1973and 1975;Zauggand
Wagner, 1913!, For Atlantic salmon, laboratory experiments have shown apparent
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smoltification attemperaturesashigh at 15aCSaundersaandHenderson,1970;Komourdjian,
et al., 1976!.However, native Atlantic saltnon stocks show their greatestdownstream
migrant activity asthe temperaturewarmsto 10'C,and runs are normally overbeforethe
tetnperature reaches 15'C, Thus, it is prudent to assumethat the temperature responses of
Atlantic  salmon are similar to those of steelhead trout.

A second recently discovered hatchery stress factor is the effect that pond or raceway
loadingscan have on smoltification. Normal ATPasedevelopmentand marine survival of
anadromoussalmonidscan beinhibited if population densttiesaretoo high Strangeetal.,
1978;F. Sandercock, Fisheries and Oceans, Canada, personal communication!, Extensive ex-
perimentation is now in progress in North American to generate the rearing density data
neededto balance fish production requirements against adverse effects on smolt functionali-
ty. The guidelines summarizedin Table 2 are used by the Washington Department of
Fisheries,and have given good results under the indicated limitations t, Wood, personal
cotnmunication, cited in Wedemeyer, et a! 1980b!. In applying these guidelines, recir-
culating ponds aswould be expectedmustbe operatedat reducedpopulationdensities.For
example,maximutn loadingsfor spring! chinook salmonin onetype of deeprecirculating
racewayare about0.9kg fish per 1/minwater inflow with a spacelensityrequirementof 0,05
kg fish perm' of volumeper millimeter fish length. Increasingthe loadingand spacedensity
factors to 1,2 and 0,07 respectively will result in the production of additional "smolts" but
will not necessarily give increased adult returns.

Table 2 Recommended  maximum los<ting densities for Pacifir. salmon, expressed as kilograms nf fish perl/min
water inflow per mi imeter fish length. Information is not available for other temperatures, sizes o<
species. Loadings must be reduced in recirculating raceways J. Wno<I,p«rsnnal communication. cite<l
in Wedemeyer, et al., 1980b!.

Water Temperature 'C! Fish size mm!
COHO SAILMON mm!
36 43 74 94 107 117 14D
3 9 0.06 0.014 0.014 0.D15 0018 0.D21 0.022
D.ot 0,012 0O.D11 0 D14 0.017 0.018 D.p/7
14 D.008 0.0095 0.D08 0.013 0,012 0.013 0.014
17 0.D06 0.006 0,007 0.0085 0.01 0.009
20 0,0025 0,0025 0.0035 0.0035 P PP35
CHINOOK SALMON mm!
38 48 81 ‘D4 119 130 155
3 0.01 0.011 0.0095 D.01 0.0115 0.012 0.011
9 0.0085 0.008 D.008 0.DD8 0,0095 0.01 0.009
'14 0,0065 0.006 0.0055 0.0055 0,007 0.0075 0.0075
17 0.003 0.0045 0,004 0.004 0.0045 0.0045

Thevaluesarefinal loadingsattime of smoltreleasédor fish sizesof 2,2000r fewerperkilogram.l,oadingshoul<f
not exceed3/4 of the table value bef'orethe final pond divisions to ensurethat the aboveloadingswi not he
exreededattime of reieaseln addition, chinooksalmonshouldnotbefedin exces®f 0.012kg of food perliter per
minute water Inf ow beforethey reacha sizeof 444 per kgi0.018 kg food/I/minat 222fish/kg;or 0,024kg/1/mirat
larger fish sizes,

The maximumrecommendedspacedensity for chinook salmonis about0.18kg/m'/mmbodylength,

Theracewaymeasurementshouldapproximateratiosof 1 unitof depthto 3 unitsof width to 10units of length,
and the number of water exchanges per hour should be 1.5 to 2,0. Loadings must be redu<.e<lin recirculation
raceways.

A third hatchery stressfactor peculiar to anadromous fish culture is the effect on smolts of
handling or hauling. Two types of physiological damage must be considered, First, the stress
response itself is Inore severe in smolts than in parr. Second, various amounts of scale loss
comtnonly occur when smolts are handled, which in turn causesadditional physiological
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debilitation, especially when they encounter seawater. Bouck and Smith 979! showed that
the loss of 10 percent of the ventral scalesof coho salmon smolts resulted in a 50 percent
seawater mortality within about ten days. The immediate influx of electrolytes from the
seawater or even salt mixtures being used to mitigate handling stress! results in a life-
threatening hyperkalernia and hypermagnesemia in coho salmon smolts Wedemeyer, et al

1980a!, Even when actual mortalities do not occur, blood electrolyte imbalances resulting
from scale loss are debilitating and certainly compromise ability to cope with further en-
vironmental stressors.

Disease Treatments

The final stress factors to be discussed in this consideration of current aquaculture prac-
tices concern the problem of the side effects of fish disease treatments. Several of the
therapeutants presently used to treat anadromous fishes have been shown to concomitantly
reduce the ability of smolts to survive in seawater Bouck and Johnson, 1979]. Thus, the treat-
rnent can literally be worse than the disease. Ability to hypoosmoregulate is sometimes
regained if a freshwater recovery period of about one week can be allowed, Much additional
work is needed, but for the present, the data presented in Table 3 can be used asa guideline.

Table 3.  Effect of commonly used fish disease therapeutants on ability of coho salmon smoltsto survive 10days
in 28 ppt seawater at'ter Houck and fohnson, 1979!,

Treatment regimen Seatwater mortality '%%dl
Fish disease Concentration  Time Treatment period Direct transfer 4-day rerovery in fresh
t herapeutant mg/ ! mini days] into seawater  water after treatment
Capper sulfate 37 20 100 m4
Formalin 167 60 12
Hyamine 1622 2 60 68
Malachite Green 1 a 44 12
MS-222 100 100 0%
Nifurpirinol lis 60 8
Oxytetracycline 1 60 20 12
Potassium permanganate 2 60 60 12

Fish Diseases

The fact that stressful environmental changescan lower the resistance of fish to both infec-
tious and noninfectious diseases has been widely recognized in recent years Snieszko, 1974;
Wedemeyer, et al 1976]. The role of the environment in human and animal diseaseshas
long been understood, and disease prevention is an important part of current public health
and veterinary medical programs. Prevention, together with an aggressive immunization
program, has been responsible for the virtual elimination of certain diseasesin many coun-
tries and the eradication of smallpox from the human race,

In alike manner, experience has shown that a wide variety of bacteria, parasites, and other
fish pathogens cause mortalities in hatcheries only if unfavorable environmental conditions
also exist, These cortditions include excessivecrowding, handling, dissolved carbon dioxide,
nitrite, ammonia, temperature fluctuations, marginal dissolved oxygen, or chronic exposure
to trace contaminants in the water Piper, 1981!. Thus, fish diseases usually have more than a
single cause and are the end result of the relationship between the pathogen, the fish, and the
environment. When this relationship is balanced, good health and growth result. When it is
marginal, disease problems and reduced growth will be noted. When it is poor, reduced
growth, overt disease, and mortalities occur. Classical examples in aquaculture are fish
diseases due to facultative bacterial pathogens such as Aerorooao, Pseudornonas,and
Myxo bacteria sp., which are continuously present in most hatchery water supplies.
Epizootics usually do not occur unless environmental stressors also weaken the defense
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system®f the fish. A specifiexamplasbacterial gill diseaseputbreaksofwhichfrequently
respondto simply reducing the population density in the ponds.Other examplesof stress-
mediatednfectioudish diseasesommonlyencountered in aquacultureinclude vibriosis
Vibrio anguillarurn, the bacterialhemorrhagicsepticemiasand parasiteinfestationssuch
as costiosis  Costia necatrixl.

Theoccurrenceof chronic fish diseasecan beused,in turn, asanindicator of the presence
of singleor multiplestresdactors.in freshwaterdiseasethatusuallywill notrespondo
treatment unless existing adverse environmental conditions are also corrected include
Saprolegniaand other fungus infestatians, the previously mentioned low-grade chronic
bacterial infections, the hemorrhagicsepticerniasand gill diseaseln marine or estuarine
aguacultural systems,viral erythrocytic necrosis and vibriosis are potentially useful in-
dicator diseasesA more complexlist, togetherwith a descriptionof the environmentalcon-
ditions implicated in their occurrence, is presented in Table 4.

AssessingTolerance Limits of Fishesto Environmental Stressors

It is somewhatdifficult to measure unequivocally short of using death as the end
point the severity of the stressof intensive fish culture, or environmental alterations due to
developmentprojects,or the tolerancelimits for adaptation.This shortcomingis especially
true of methodologyfor assessinghe severity of multiple stressfactors. Neverthelessgx-
periencehasshownthat certain of the bloodchemistry tissue whole animal,andpopulation
changesesultingromtheprimary,secondangr tertiaryaspectsfthestressesponsean
bequantitatecdindusedasindices As wouldbe expectedsomeof the physiologicatests
usedto measurethesechangesrequire complex laboratory equipment. However, others,
suchasthe occulthemoglobitestfor detectiorof acutestressyequireonly prepackaged
reagentsand thus can be performedin any modestlyequippedfacility Smith and Ramos,
1976!.

Certain of these physiological tests can also be employedto detect incipient disease,
sublethal effects af environmental contarninants, and to monitor nutritional status in fish
nutrition research,Examplesof testshaving suchpotential arethe C-reactiveprotein deter-
mination for the detection of incipient disease, and the ketone-mucus test as an index of
nutritional status Ramosand Smith, 1978aand 1978b!.Severalofthe more practical stress
assessmentmethods will be discussed briefly here. A more complete list is summarized in
Table 5, together with interpretive guidelines.

PhysiologicalTestingMethodology

As mentioned,certain aspectf the stressresponsesuchasseverity,the time neededfor
recoveryand tolerancelimits for adaptationcan be measuredy meansof existing
biomedicatestproceduresd=xample®f bloodchemistryteststhat are practicalinclude
determinationef the stresshormoneshemselve®r secondarploodchemistrychanges
such as hyperlacticemia, hypachloremia, or hyperglycemia Schreck, 2972; Wendt and
Saunders,2973; Hattingh, 1976;Mazeaud, et al 1977; MeLeay, 1977;wedemeyer and
Yasutake, 1977!. Hematological tests that are useful as indices include measurements of
blood clotting time, andthe differential leucocytecount McLeay, 2975bCasillasand Smith,
1977!.Leucocytasisand eosinophiliamay occurunder certain conditions, but are of only
limitedusefulness assessirtfe stressesponsbecaussensitivitys low andvariability
high. HoweverJeucopenias regularlyobservedind a rapid approximateanethodthe
leucocrithasbeendevelopetbr its measurementicLeayandGordon1977!Change
erythrocytecounts asapproximatedoy the hematocrit!or in bloodhemoglobinareusefulas
indicators of hemodilution or hemacancentratian. However, the occurrence af anemias or
stresspolycythemiamay makeinterpretation difficult Soivioand Oikari, 1976!.

Quantifiabléssuechangethatoccurastheresultofthe stressesponsecludedepletion
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Tabl®. Outlinénterpretatiofphysiologitestsoassetiseeffectsfenvironmenttiessnfishhealth.
The=xamplesebasednsalmonittsitareapplicablejthcautiorip othef'ishWedemeygerd

Yasutake, 1977!.

Possible significance if;

Clinics! test Too low Too high
Ammonia No recognized significance Gill hyperplasis, predispositionto
[wster un-ionized! bsctena g<lI!dtsease
2, Blood cell counts ] )
a. Erythrocytes Anemias, hemodilution due to gill Stress polycythemia, dehydration,
damagejmpaired osmoregulation hemoconcentration, gill hyperplasia
b. Leucocytes Leucopenia due to acute stress tI._eucocytosuxjueto bacterialinfec-
ion
¢. Thrombocytes Abnormal blood clotting time Thrombocytosis due to acute or
chronic stress
3. Chloride [plasmal Gill chloride cell damage, compro- Hemoconcer_ltration. compromised
mised osmoregulation osmoregulation
4.  Cholesterol plasmal Impaired lipid metabolism Fish under chronic stress, dietary
lipid tmba ance
5.  Clotting time blood! Fish under scute stress, thrombo- Sulfonamides or _antibiotic‘ dise_zase
cytopenis treatments, affecting the intestinal
microflora
6. Cortisol plasma! Interrena! exhaustion from severe Fish under chronic or acute stress
stress
7.  Glucose plasmal! Inanition Acute or chronic stress
S. Glycogen liver or musele! Chronic stress, inanition lee_Ar damf':lge due tq excgsswevacu-
olstion; diet too high in carbohy-
drate
9. Hematocrit blood! Anemiss, hemodilution Xemoconcentration, dehydration;
stress polycythemia, gill hyper-
plasia
10. Hemoglobinblood! Anemias, hemodilution, nutritonal ~Hemoconcentrstion,  dehydration,
disease stress polycythemia, gill hyper-
plasia
11. Lactic acid blood! No recognized significance Acute or chronic stress. swimming
fatigue
12. Methemoglobin blood! No recognized significance _Exressive N_O,_— in.water or useof 0,
instead of air in fish hauling trurks
13. Nitrite water! No recognized significance Methemog!obinemia in fish popula-
tion
14.  Osmolality External  parasite infestation, Dehydration. salinity increaes _ in
exposureto heavy metals, hemo- excess of osmoregulatory capacity,
dilution stress-induced  diuresis, lactic
acidosis
15. Total protein plasmal! Infectious disease, kidney damage, Hemoconcentration, impaired

nutritional imbalance, inanition

water balence

of muscleandliver glycogenandinterrenalitaminC. Histologicallytheextentof anyin-

terrenal hypertrophymay be serniquantitatedhicroscopicallypy estimatingnuclear
diameteraindcell size McLeay 1975alSeveralvhole-animalesponset® stresgactors
occurthathavdongbeerusedn hatcherieasindiceof overallenvironmentalonditions.
Thesancludechanges feedingoehaviordecreasedgrowthandfood conversioror in-
creased fish disease morbidity and mortality rates.

In recenyearsa beginningasbeermrmaden methodologdipr biologicamonitoringfen-
vironmentabjualityin naturalwaters,Change fish populationcharacteristiceanbe
measurefhposteriorincludingintrinsicgrowthrate diseasencidencespawninguccess,

longevityeggsizepr recruitmertb succeeditife staged)nfortunatelihesenethods
aredifficult to useto predict whattheenvironmentalimpactswill befrom proposeddevelop-
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mentprojects.especiallywhen multiple stressfactorswill be involved Snieszkol1974;
Hodgingtal 197 RyarandHarvey|977McFarlanandFranzin1978!.

MonitoringStresuringRearingA CaseHistory

Fishrearedn recirculatiohatcheriessingheate@ffluentareexposetb environ-
mentatonditionsvatechemistgnademperatucemplexedlatusuallgonotoccuin
conventionalstem3hushealttandqualitytendto bemoresasilcompromisedne
researcbbjectiveftheU.S FishandWildlifeServicéNationaFisheryResearc@8entein
Seattlsto developnprovethethodsfbiologicahonitoringp detectheearlystagesf
environmentsiressothatpreventiveneasuresnbetakenI' hecasdistoryreported
here involvesa comparativefish health examinationof anadromousainbow trout
steelheawlaretha recirculatisystersindiologicavatereconditioniragina con-
ventionaflow-througlsystenatthesameénatcherySinceconstructionfishdiseaseis the
re-usesystemhavebeenchronic, and post-releasesmolt survival lessthan desired.

Theresultsareshownin Table6.Althoughtherecirculatiorsystenproducegmoltghat
werephysicallkargetharthosén theflow-througdystenthetestsevealetthepresence
of severatiebi |tat|ngphysm!og|cabnormal|t|emclud|n_gnadequalle/erﬁlycog_en,
hypochloremiayponatrernandleucopeniaccompaniday moderatdehydration.

Table 6, Fisthealtin flow-througimdecirculatieystenathesambatchergteelhedut,17-16m,
Watetemperatupd{,D.O rtttriteandammonlavelsveresimilaim eaclsystenhysiological
tl%gg{alue:areglveras~ > SD30-4€@ishpergroup,indicateabnormtdstesultdVedemeyer,

Parameter Flow.through system Recirculation system
Length cml 17@2 19-2
Weight [g! 46' 13 60' 17
Hematocrit % packed cells! 40' 3 45' 7
Hemoglobin g/100ml! 913 ot1
Buffy coat thickness microns! 136ye 65i6
Plasmavater % moisture! 94" 1 69' 3
Plasma chlorides meqg/I! 127' B '105+26'
Plasma sodium meq/1! 14Bg7 130" 23~
Plasmapotassium meg/f! 491 5s2
Liver glycogen mg/100g| 67541 23t 20’
Plasma osmolality mOsm! 2975 12 204" 22

Specificallplasma&hlorideandsodiuntevelsverebothtoolow andtoo variablan-

dlcatlrn?moreg_ulaﬂysjunctlancaud-baﬂmalanc'él_ses‘md|n%:ﬁsresymp-

tornatiotf excessigessolvedOsaindinadequalessolvadineral§Vateanalyses

trhevea(ljmdaryovmhIor|dleveI$ogethexnth:otaCOsoncentratmnrﬁsptoZOng N
€ ponds.

Theproblenms beingsolvedbya combinatiaf waterchemistrynanipulations in-
creasdissolveshltsandmoditiethatcherpracticet improvéiofilteloperatiomnd
reduce ammonia, nitrite, and carbon dioxide. ) )

Physiologidadturbanadshemagnituddowm Tabld arexamplesimpacts
frorrmultlﬁ stressaifsaradebilitatingytnotiethalvhilehefishremaimthepro-
tectedhatchergnvironmerRhysiologida t|r;t]qiurlngearln@ffersanefflmenmethod
ofidentifyin 'ncipient,debilitatingﬁgysiolo icalysfunctionsothatcorrectivectioncan
betakenandfish of optimumhealthandqualityproducedt lowesteconomicost.
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Increasing Adult Returns of Hatchery-Produced Coho Salmon
Through Optimization of Time and Size at Juvenile Release

H. T. Biltofl., D. F. Alderdice and J. Schnute

Department of Fisheries and Oceans, Resource ServicesBranch,
Pacific Biological Station, Nanaimo, British ColumbiaJ

Abstract

Coho salmon yearlings were raised in six ponds at Rosewall Creek, Vancouver Island, British Columbia, from
which releaseswere made at four times 4 April, 12 May, 10 June, 6 July 1975], Prior to each release, a portion of
the juveniles in each pond were graded into three size groups small, medium, large! on the basis of size distribu-
tions in each pond. These were nose-taggedaccording to size group, pond, and release date, and marked by adipose
fm removal. Fifty-seven groups were releasedin all. Returns of adults and precocious males jacks! to the weir and
to the fishery commerciel and sport! were subjectedto responsesurface analysis. Predicted maximum adult returns
of 43.5 percent to the weir and fishery! were associatedwith computed releaseof 25.1 gcoho juveniles on the 173rd
Julian! day from 1 January 2 June 1975!. There was a significant interaction between releasetime and size. max-
imum returns from early 4 April! releaseswould be expected from releaseof 16to 17 g juveniles, Averaged returns
of jacks ponds 1 to 6! ranged from 0.0 to 4.65 percent!, Predicted returns of jacks would be maximized from early
releaseof large juveniles e.g.approximately 20g in Aprill. Benefit-costs at the center of the time and size of release
surface for maximum adult returns were estimated at 12.2:t. Maximum benefit-costs on the surface were calculated
for release of smaller juveniles between 1 7and 22 June 1075. Benefit-costs associated with releaseson the path of
joint optimality between the two centers rose from 12.2:1 maximum adult returns! to a calculated 16.5:1 for release
of 7.5g juveniles on 17 June 1975. The results are seen as inputs and outputs of a biological system whose com-
ponents are not yet well understood. Some of the potential unknowns in the system are discussed in relation to
possible ways of increasing the efficiency and cast-effectiveness of salmonid hatchery technology.

Introduction

A federal/provincial salmonid enhancement program began in British Columbia in 1977
with the objective of increasing the size of salmonid stocks. Strategies used in the program
include enhancement by artificial propogation, by management of the fishery, by modifica-
tions to the natural environment, and by habitat protection. The strategy of artificial pro-
pagationincludesthe construction and operationof spawningchannels,incubation boxes
and hatcheries, particularly for the five species of Pacific salthon Oncorhynchusj found in
British Colulnbia, and the steelhead [Salmo gairdneri!. One of the research objectives of
biologistsassociatedvith the programhasbeento increaseour understandingof the biology
and culture requirements of the species involved, with aview to optimization of hatchery
technology,Included amongthe numerousquestionswhoseunderstandingcould increase
the efficiency of hatchery production is that of the influence of timing and size of juveniles at
release on the success of adult returns.

There is evidence that survival of juvenile coho O. kisutch! and chinook O. tshowytscha!
salnion is influenced by size of smolts at release Waljis, 1968; Johnson, 1970; Hopley and
Mathews, 1975; Hager and Noble, 1976]. Both timing and size of juveniles at release appear
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toinfuencesurvivablndsizeofreturningadultcohasalmonHopleyandMathews1975To
examinethe questionfurther, controlled releasef cohosalmonjuvenileswere madefrom
an experimental facility on Rosewall Creek, Vancouver Island, British Columbia, in 1975.
Detailsof the releaseand subsequenteturns were reportedearlier Bilton, 1978and 1980!.
This papersummarizessomeof the major findings to bereportedin full elsewhereBilton, et
al., MS!.

Materials and Methods

Cohaosalmoreggdrom Big qualicumRiverstockwereeyedat the Big QualicumRiver
Hatchenandtransferredothe RosewalCreelexperimentdbcility. Theresultingry were
dividedamongsix Burrow'spondsandfedOregorMoistPelletsOMPthroughoutherear-
ingperiod It wasproposethatthefishfromeachpondbedividedntothreesizecategories,
markedaccordinglyandreleasedt four differenttimes.The sizerangedor the three
categories small, medium, large! were determinedthrough preliminary sampling, The six
pondpopulationghreesizegroupsandthefirst threereleaseprovideda totalof 54in-
dividualgroupsomprising@boutl22,00fivenilesThe54groupsveretaggediistinctively
with codedvire noseéagsandthetaggedishweremarkedor identificatiorbyremovabf
the adiposefin, Beforeeachreleasea sampleof eachgroupwasobtainedfor information on
length, weight, sex, and tag retention. About 7,000fish remained after the third release.
Theseawveregradednto threesizecategorieasbeforefaggedand markedo providethe
fourthreleasedence 18groupsverereleasedn eachof threedates14April, 12May, 10
Junel975theremaininghreegroupsn thefourthreleasaverdiberaten8 Julyl975The
resulting 57 releasegroupstotalled about 129,00Gaggedfish Table 1!.

Precociousmales jacks!returning to RosewallCreekwere recoveredin the fall of 1975,
andthe adultsin the fall of 1976 All markedfish returning to the RosewallCreekweir were
sampledlengthweight,sex,agelandthe headgetainedor tagrecovery.

Taggedishwererecoveredromthecommercialishery netandtroll! by randomsarn-
plingof catchesta targeintensityof 20percentHeizergetal.,1978Estimatesfthetotal
number of fish taken in eachtaggedgroup by the fishery were obtained from the actual
number of tags recovered,the sampling effort, and the marked-to-unmarkedatios in the
catches.

Taggedishreturnsin the sportfisherywererecoveredhroughthe Georgiétraithead
recovery program Argue, et al.,, 1977!. An "awareness factor" of 0.28 was used to estimate
thetotalnumbenf RosewalCreekkagsrecovereth thesportfishery Theawarenedactor
wasassignednthebasif anarea-to-areamparisowith PugesoundisheriesArgue,
et al., 1977,

Thetotal returnsobtainedromthe 57releasg@roupsestimate@sindicatedoreviously,
were subjectedto responsesurfaceanalysis,using as a modelthe second-ordemonlinear

polynomial:

Y bOXO + b1X1+' + b1X1~' + b X1<| + b»XP",+ b»X,+'XP*

where X, = timeof releasén daysfrom 1 Januaryuliandays!
X, = meanweight of juvenilesin the releasegroup grams!

Theprocedurgrovidesneffectivavayof determiningheshapeftheresponssurfacen
the regionof the two-dimensionak x,! factorspacefromwhichthe samplepointsare
takenLindseyetal.,1970Maximuniikelihoo@stimatesf thecoefficienasndpower
parametersof the polynomial were obtained and contours of the resulting surfaceswere
generated in units of the response Y.
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Table 1. Mean weight g] and number of juveniles in groups of fish graded into three size groups small, medium.
iarge!, tagged differentially and liberated from six ponds at four different times." Small, medium, large
fish: respectively the lower 25, middle 50 and upper 25 percent of size range in each pond found by
sampling prior to tagging. Releasedates show Julian days days from 1 January 1975!.

Pond
Releasedate
Julian days! Size group
51 9,0 9,2 7.0 9.6 10.6
1243 1627 1786 1779 1404 1776
14 April 04! 11.6 12.9 9.6 12.6 14.2
3740 3867 3594 3614 3585 3596
10,9 15.4 16.1 13.3 16.7 18.8
1771 1657 1787 1785 1762 '1778
8,3 12,5 11,7 7.7 13,8 14,0
1673 1671 1673 1888 1865 1830
12 May 32! 11.9 15.7 15.1 11.0 18.1 18.5
3639 3701 3735 3784 3681 3673
15,1 20.6 19.2 15.3 23.9 25.8
1881 1909 1859 186'1 1859 1639
12,3 15,6 14,4 12.3 17,3 17,6
1492 1642 1356 878 1484 1221
10 June 61! 16.0 20.1 18.9 16.3 22.1 23.6
2586 3937 3359 1853 3451 2220
20,2 28.3 25.1 19.9 28.73 1.8
1367 1896 1898 1486 1898 1172
14.9
1432
8 July 89! 24.8
3704
33.1
180'1

Fish remaining in the six ponds after the 10 June release were pooled and subsequently graded, tagged, and
released on 8 July,

A number of such response functions were generated from the data Bilton, et al., MS!;
three of those are presented here:

Y, =percent return of adult coho excluding jacks!.
Y, - percent return of jacks only.
Y, = benefit-costs associated with returns percent! of adult coho.

The response Y, requires further explanation. Cost of production of the juveniles in each of
the four releases was calculated earlier by Hilton and Jenkinson 976!. Returns were
assignednevalue Can.$0.90/ib!that atthe RosewallCreekweir. The costs,asderived,are
a simplified measure of investment. The benefits, also, no doubt are conservative. Never-
theless, the benefit-cost ratios obtained provide a valid means of comparing outcomes over
the factor spaceconsidered. For production hatcheries, more complex cost and benefit func-
tions undoubtedly would be usedto generate the ratios.

Finally, the surfaces generated for Y, and Y, are compared. It will be seenthat the two sur-
faces have maxima at different locations in the release time/release weight factor space
Figure 3!. By solving a joint optimality problem for the Y, and Y, response functions, 8 path
may be describedbetweenthe centersof the two surfaces.The pointsfrom which the pathis
constructed represent loci in the release time/release weight factor spaceat which tangents
may be drawn jointly to touching pairs of Y Y, contours. The resulting "path of joint op-
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timality" provides estimates of a] benefit-costs associated with  maximum predicted adult
returns,bj adultreturnsexpectedn associatiorwith maximumpredictedbenefit-costsg Jn-
termediate percent return, benefit-cost estimates between the two surface centers, and
d! releasetimes and releaseweights associatedwith each selectedY Y, joint optimal
response estimate on the path.

Results

Returnsof adult and jack coho and associatedenefit-costratios for the 57 releasegroups
[Table 1! are summarizedin Table2. For convenienceof presentation the meanweights<if
tho juvenilesfrom the six pondscontributing to the first three releases'l4 April, 12Jvlay,10
Junelhavebeenaveragedo provide dataon 12releasesthree sizegroups small, medium,
large!liberated on eachof the four releasedates,In generalthe datashowthat highestper-
cent returns of adults, and of total returns, occurred for the 10 June release, Benefit-cost
ratios alsoare highestfor the Junereleaseln addition, thereis strongevidencethat returns
of jack cohoare lowestin the "small" andhighestin the "large" juvenilegroups.The higher
return of jacksassoriatedwith releaseof "large" juvenilestendsto reducetheir correspond-
ing benefit-costratios. This is demonstratedfor example,in a comparisorof the returnsan<i
benefit-cost ratios for the "medium" and "large" juvenile releasesof 10June, The influen<:e
of time of releaseon subsequenteturns, wherejuvenile sizeatreleasds fairly constant,may
be judged by comparing returns for the groups averagingabout 15g at release large, 14
April; medium, 12 May; small, 10 June and t! July!. For these groups, return of adults risesto
a maximum in the Junerelease then declines;the proportion of jacksreturning from lhu
same groups rises to a maximum in the May release, then declines.

Table 2.  Estimatedtotal returnsto the weir and fishery <t<of adult andjack coho,and associatedenefit-cost
ratios for the release groups of Table 1. For convenience only the results are shown as averagesover ihe
six ponds for the release groups of small, medium and large fish at ihe four times of release;compute-
<tons,however. are based on returns <oall 7! groups.

Returns J<><>! Benefi<-costratios

Release  Juilian Average release
date days Group weight [g! Adults Jacks Total Adults Jacks 'l'otal
1D4 S 8.4 8.39 0.09 8.48 5.01 0,01 5,02
14 April 'ID4 M t lis 7,55 0.16 7.71 3,38 0,01 3,39
104 ’ 15.2 5.82 0,50 6.32 2,1D 003 2.13
132 S 11.3 15.51 0.40 15.91 8.76 0.04 8.80
12 May 132 M S 15.0 16,60 1,34 17.94 738 011  7.49
132 20.0 14.75 3.18 '17.93 5.16 0.2D 5.36
161 14,9 3'1.85 0.12  31.97 14.22 0.01 14.23
10 June 161 M L 195 39.94 0.89 40.83 13,95 0,04 13.99
161 25.7 35.46 4.65 40.11 9.77 0.19 9.96
189 14.9 4.82 0,00 4,82 2,17 0,00 2.17
8 July 189 S I . 248 20.17 0,97 21,14 5.44 0.04 5.48
189 33.'1 13.71 3.05 16.76 2.83 D.09 2.92

Based on maximum likelihood estimates of the coefficients and parameiers ol' the second-
order nonlinear polynomial used asa model, response surface analysis of the data for all 57
releasegyenerateghe surfacesshown in Figures1 and 2. Thesesurfacesshow regression
cont<>ursfor predicted returns of adults Figure 1l and ja<;ks Figure 2!in relation to time of
rale<<inin<i n>eiin j<ivunile weight at release.

I'<ir adult returns I'ig>uic JJ,the predicted niaximum at th<,center o I'he surl'ace Ysjis 435
par<:ent, <:orr<ispun<lin<>tu r<iiease ur><lay t73.1 2 l!tine i!175! .i'l;i ii.'eaii juveiiiie w<ii ht ul
25,1 g, I'<>rtha «Lilii ii<i st;,>1<i;»Tdovialio» <if Y <ivs.riii<i.-iti.iu i +2.98 percent,
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Figure 1 Influence of time of release Julian days! and mean size at release g! on total returns of adult coho
salmon to the weir and to the fishery!l. Contours are shown for 5, 10. 20. 30 and 40 percent return,
Predicted maximum return atthe center of the surface Ys!is 43,5 percent, for e releaseon day 13.2 2
June 1975! at a mean juvenile release weight of 25.1 g.

100 110 t20TIIISBH£EQE%£P&JE)8?1 ISD 1SO 200

Figure 2 Influence  of time of release Julian days! and mean size at release g! on total returns of jack coho
salmon. Contours % return! increase toward the upper left corner of the figure, The provisional surface
indicates that increased returns of jacks can he expected from early release of larger juveniles.
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Hencehecontourareknownwith a precisionf abouts 6 percentP = 0.05]Thesurface
alsoshowsan interactionrbetweertime of releasendjuvenilesizewith respecto adult
returns. That is, maximum returns occur with early releaseof smaller juvenilesand later
releaseof largerjuveniles.This canbeillustrated asfollows Figure 1!.A curvedrawnto con-
nect the points at which tangentso the surfacecontoursare paralleltothe axis of mean
weight !'YQx, = 0] provides estimatesof releaseweightsfor which percentreturn of adults
is maximizedatgiven releasdimes.For the four Juliandaysof Tablel daysl04,132,161,
189theseweightsare, respectively,16to 17, 18to 19,22to 23and 27to 28 g. The surface
alsoindicatesthat returnsfrom releasesnadeafter approximatelyday 180 9 Junel975kan
be expectedto drop sharply whateverthe meansize at releasemay be,

For returnsof jacks Figure 2!, the predicted maximum at the centerof the surfaceis
remotdromthefactorspacexaminedhe standardleviatiorof Y percenteturnofjacks!
overthesurfaces + 0.5percentHencethecontourefthesurfacereknownvith apreci-
sionofabout.2percenP = 0.05Formotlsurfacefigures an@!  theestimatesfpreci-
sionrefer,of courseto thefactorspacetimeof releaseyeightatreleasetncompassirige
57datapointsinvolvedMossignificantin Figur® istheindicatiotihat greatereturnsof
jacksmaybeexpectedfrom earlyreleasesf largerjuveniles,anoutcomethat mostsalmonid
culturists  would wish to avoid.

Figure 3 represents an overlay of three responses evaluated from the data. A central con-
tourofthesurfacdor percenteturnofadults0 percentFigurellisshown upperightin
figure! SeveratontourarealsoshowrfromFigure2 forpercenteturnofjacks.01,0,55
percent]. Also indicated are several central contours of the benefit-costsurface for adult
returns lowerrightin figure;contoursl4,16;Bilton,etal MS!. Alsoshownisthe pathof
joint optimality running from the center of the surface for adult returns toward the center of
the surface for benefit-costs of adult returns. The center of the latter surface is outside the

22
g 12

12

100 110 IO(%'IBQEEI%AH%ZH')%%FFO 100 100

Figure 3 Overlay of romputed response surfaces. Shown are t! a central contour 0%! around the center Ys! of
the surface for percent return of adult coho, 2! several contours ,01, O,s,5%! of the surface for percent
return of jack coho, and 3! central contours t4, 16! of the benefit-cost surface for adult returns. The
coordinates of points on each surface are those of time !ulian days! and size g! of juveniles at release,
Also shown is a "path of joint optimality," running from the center of the surface for adult returns
toward that for benefit-costs of adult returns, Points on this path are optintized jointly between the two
centers in terms of time and size at release seeTable 3!,
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releasetime/release weight factor space considered, and benefit-cost estimates at low release
weights e.g.,lessthan 6 g! presumablyhave doubtful value. Neverthelessthe path of joint
optimality shows that maximum percent return of adults is achieved at less than maximum
benefit-costs. Conversely, maximum or near-maximum benefit-costs are achieved at less
than maximum return of adults. In general,moving upward on the path of joint optimality,
adult and jack returns increase and benefit-cost ratios diminish. These relations are shown
in Table 3,togetherwith associateccoordinatesof releaseime and meanweightat release.
In general, the following observations are made frotn the table:

1! At the center of the surface for adult returns a benefit-cost rate of '12,2:1is predicted.

2! The optimum time of releaseis relatively constant abottt day 1700n the path of joint
optimality.

3! Releaseof smaller juveniles on or near day 170 should result in maximized but lower
adult yields, and with increased monetary benefits relative to production costs.

4! Conversely, higher adult returns are coupled with increased returns of jacks,
presumably the main reason for the concomitant reduction in benefit-costs.

Table 3. Loci on the path of joiyt optimality between the center of the surface for percent return of adult coho.
and that for benefit-costs associated with adult returns. Each locus is defined in terms of atime of
release and mean weight at release at which the adult returns and benefit-costs are jointly determined.

Coordinates of surface Response
Releasetime days! Mean weight g! Adult returns %! Benefit-costs $/$!
173,1' 25.1' 435 12.2
172.9 24.7 43.5 124
172.3 240 43.4 12.6
171.7 23,0 43,1 13,0
171,0 21,1 42,4 13,5
169,6 16.9 40.0 14.6
169.1 '55.2 39.0 15.1
168,7 '‘B.3 38.0 25.5
168.3 11.0 37.0 16.0
168.0 7.5 36.0 16,5

i
Locus of center of surface for percent adult returns,

Discussion

The current study raises a nutnber of questions regarding the general applicability of the
results to current salmonid hatchery technology. This study identified inputs and outputs of
a system whose central biological components are as yet not well understood. Patterns of
release and return, and variability within such patterns, are assumed to arise from at least
three sources. These are site-specific factors unique to particular hatchery locations, factors
whose influence on tnultiple sites may vary from year to year annual variability!, and basic
differencesin leleas@ndreturn patternsthat arespecificto salrnonidspeciesThesewill be
discussed in turn,

First, however, a comment is required on the technique of grading of pond populations in-
to three size groups small, medium, large! prior to release, and the possible influence this
might have on resulting returns of jacks and adults. The technique, as used, may be con-
trastedwith an alternativewherebythreeindividual pond populationsare grown at different
rates, through temperature control, to achieve three different mean sizes at time of release,
In defense of the grading technique used, it happens that many salrnonid hatcheries do not
have facilities for controlling temperature. Yet, grading must take into consideration the
evidence that growth rate and ageof return may be influenced by genetic factors, Grading,

177



then, might accentuate differences in proportions of jacks returning from release groups of
small, medium and large smolts, differences that would remain undetected if such groups re-
mained merged in one release population. The question then remains: Would the jack
returnsfrom ungradedpopulationsconformwith thoseobtainedin this studywhere grading
was used? Inspection of the original data Bilton, 1978!indicates the proportions of jacks
returning from the graded release groups in the April, May, and June releases were not
demonstrably different, for a given size,than the proportion returning to a combined popula-
tion of small, medium, and large release groups having the same mean size. There was one
exception among the groups compared: a higher proportion of smolts than expected
returned as jacks from the Junerelease of large fish. This can be stated more formally in the
language of analysis of variance. For each smolt release, there aretwo pieces of size informa-

tion, the mean weight in grams and the group small, medium, large! from which the smolts
came. With the exception of the Junerelease just noted, analysis of variance shows that the

secondpieceof information group!doesnot add significantly to the first meanweightlin

explaining jack returns.

A similar analysis of variance shows that the extra information on smolt grouping has no
significant influence in explaining any of the adult returns. This result is corroborated by
data from independent releases of coho juveniles from four British Columbia hatcheries
where grading did not occur Figure4!. Although site-specificand annualvariability likely
are imbedded in the hatchery data, the fit of the surface for adult returns [Figure 1!to the
hatchery returns appears quite reasonable. In retrospect the data are interpreted to mean
that no evidence has been found to support the possibility that genetic factors influenced
jack returns through use of the grading technique. Yet, accumulating evidence Ricker, 1972!
suggestereditary factors are at least partly involved in rate of growth and ageof return.
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Figure 4 Available data for independent releasesof coho juveniles from four British Columbia hatcheries sites!,
in four brood years 972 to 1974!, overlaid on the response surface for adutt returns generated from the
data for the 1975 Rosewall Cr. releases, Ys center of the contours for the Rosewall data. Numbers
beside each hatchery release percentage of returning adults fishery and escapement!, Six releasesoi
zero-agesmolts, subject to temperature manipulation, rapid growth, and releasein the year prior to nor-
mal release, also are shown; these are judged not to be comparable with the remaining points on the sur-
face,! From Bilton, et ai., MS!.
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Hence, the inference that genetic factors could influence jack returns through the grading
technique would appear to remain valid, If such were tho case, we assume grading could
alter the curvature of a response surface for jack or adult returns, but not the general con-
figuration of the surface itself, Given these uncertainties we conclude that different size
groups should be obtained, where possible, through temperature control rather than grading.
With these comments on potential experimental biases, we may return to the initial discus-
sion of patterns of release and return,

Site-specific factors, such as the annual temperature regime of thc water supply, can t>e
fairly constantfor a givenhatcherysite. However,suchfactorsvary <.onsiderabljrom site
to site depending on watershed characteristics and geographic location. Hence. optimizing
returnslo a givenhatcheryfacility in terms ol time and size of juvenilesat releasemay <e-
quire that each facility he "tune<I" in relation to its own site-specific characteristics. Go»-
versely,suboptimalcharacteristicsof a watersupplyand river systemon which a hatcheryis
located may negate the possit>ility of tuning a facility to maximum ctficicn<:y. If the natural
water temperature regime is too low it may be impossible eco»omi<:atty<>achieve the
juvenile size required to optimize release and adult return. If' tcmperat»r<>sare I<><¥gh
growth may bc satisfactory, hut early release may be required to avoi<lseas<>ndk>sacfron>
disease associated with higher temperatures.

Second, we suspect that annual variability associated with reloase >ndretur»»>ay be i»-
flue»cod substantially by predaiion, and by competition for food among the juveniles atter
liberation. It is speculated that time and size at release may have a major hearing on condi-
tions thc juveniles experience in the several months following their migration to and througti
an estuary and to salt water. The hypothesis is advanced that optirn»m con<liti<>not' time
and size at release may he those providing entry of juveniles into tho noar-shore and «:>astal
ecosystems at a time an<lIsize when maximum advantage can be taken of the available food
supply in terms of growth rate and survival. The attainment of that advantage may <lope»<i
on injection of the juveniles into the ecosystem at a time when the presence an ! density <>t'
food organisms of part>eulertypes and sizes, and the prevailing temperatures,;>liow for max-
imum food intake and growth in relation to the cost of energy cxponde<lin I'oraging. C<»>di-
tions in turn that maximize f<><sdpply, such as may be associated with the spring plar>kt<>n
pulse, moy vary geographically and with time in relation to meteorol<>gi<;ala»<]
oceanographic events aft'ecting the near-shore and coastal marine cnviron<nents. Variati<>ns
in theso events from year io year and region to region could influence the f<><>glipply,
teeding opportunities, and hen<.ethe growth rate and survival of the juvonilcs, We infer thai
conditions providing rapirl growth in this period are advantageous. Susceptit>ility <>f
juveniles to size-dependent predation could be foreshortened by morc rapid growth thr<>ugh
the "stanzas" o 'higher vulnerability to predation assumedto he associated with smaller size,

Assuming the hypothesis stated is reasonable, examination ot' meteorological an<i
o<:eanographievents,in associationwith structured releases<>fuvenilesover a period of
y ears,<:outdprovide insights into potential correlations between successot adult returns and
ecosystem para<netersin the initial juvenile marine phase. From such associations simple
"I'lags" might be recognized, such asthreshold temperatures in the near-shore environment,
signalling most favorable options regarding time of release. 'I'he hypothesis, of course, is
related to the concept of the "plankton watch" of recent years. A knowledge and use of such
<;orrclative  factors could serve to reduce annual variations in success of adult returns to
hatcheries if indeed the initial juvenile marine phase is a criti<;al ono. In addition, the "tun-
ing" of hatcheriesby controlling juvenile growth to achieveoptin>umtime- and size-at-
release windows" also could serveto minimize the inl'luence of site-specific variations on
success of adult returns,

Third, among the factors mentioned that could influence the successot hatchery returns is
thc possibility that optimal conditions [or time and size at rclc <semoy vary t><.tweenspecies.
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That is, each species may have its own optimal pattern of time and size at release. We
suspect that the pattern for coho salmon described in this paper will be found to be quite dif-
ferent from that for chinook salmon. The freshwater and estuarine residence of chinook
salmon migrants is known to be highly variable. We suspect that optimization of chinook
returns to hatcheries through manipulation of time and size at release may await a better
understanding of this phase of the chinook life cycle before meaningful advances are made
in the success of adult returns. For the steelhead, and on the basis of available evidence, one
would expect maximum returns from the liberation of large juveniles. This might not be en-
tirely true if the control variables of releasetime and size are found to interact, as they so
often do in biological systems.In other words, the sizeof steelheadjuveniles providing max-
imum returns may vary according to the times when releases are made, For chum O. keta!
and pink , gorbuscha! salmon, which migrate to seaas fry, the assumedinfluence ol time
and size at release on adult returns is less clear. apanese experience indicates that greater
returns result from liberation of larger fry. Yet the length of time fry may be held in fresh
water prior to migration may be limited by eventual changes in their physiological state,
Perhaps the influence of time and size at release on adult returns of chum and pink salmon
will find its greatest rewards through salt water culture of fry in conjunction with hatchery
oper ati ons for these species.

To recapitulate, an attempt has been made in this study to assessthe relative. benefits an
costs of hatchery production of coho salmon, Methods of estimating benefit-cost ratios were
simplified in the knowledge that their validity was a I'unction of the characteristics ol'the ex-
perimental systemt~hich  they were applied. In addition, comparisons of benefit-costs, as
defined, are considered valid over the time- and size-of-releasefactor spa»;efor coho in thx».
experiment in question. The results indicate how a hatchery facility may be."tuned" with
respect to time and size at release to maximize adult returns, the benefit-costs of adult
returns, or intermediate levels of operation between those two optima.

Sources of variability were suggested that could alter the results obtainable. These include
site-specific  characteristics  of hatcheries, and annual variability in adult returns likely
attributable to conditions of food supply and predation in near-shore and coastal ecosysterns
into which the juveniles are injected. Finally, the various species of Pacific salmon, anxl
steelhead, may describe entirely different patterns of adult return in relation to time and size
of juvenile release. All of these factors require further examination.

By taking time and size at juvenile release into consideration, new production strategies
may suggestthemselves for culture of salmonid species at various sites. These strategies will
dependonthe valuesfor adult returnand benefit-casts at the response centers e.g Figure 3!
AND the extent to which the coordinates of the returns and benefit-cost centers are
separated in terms of releasetime and size. In addition, the use of multiple factor designs
and appropriate analytical methods is recommended if similar studies are contemplated at
other sitesand with other species. Simultaneous variation of time and size at release in this
study allowed the information gained to be obtair»ed within one generation ol' roho salmon.
We estimate that similar data obtained by less rigorous methods would require not less than
five generations. We suggest that further studies of the influence of time and size of juveniles
at releaseshould lead to new information on the biology of Pacific salmon while, at the same
time, providing a means for improving the efficiency and cost-effectiveness of curre»»t
salmonid hatcherytechnology.
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of Net-Pen Cultured Coho Salmon

William K. Hershberger,RobertN. lwamoto and Arnold M. Saxton

Cofiegeof FisheriesUniversityof WashingtonSeattie Washington!

Introduction

Whercomparedithdomestilivestockreedingrogramsurlevebfexpertise the
guantitatigeneticgthesalmonidsgeneraprobabbguivaletaithecommercial
poultrindustr$Go35yearagor hissunfortunadsselectidmaseohntheoreticahd
practicaldvancegjuantitatigenetiasiayvelserveoenhandeturesalmonpito-
ductionGjedrem 976Breedingttemptashistoricallgracticedyithprincipateliance
on massor individualselectiorwithoutan understandingf the geneticof the selected
traitamayrovéohaveeriousndindesiraldensequendéswkirld,978Thigrob-
lemmaybecomeritical with closedoroodstocks. o

Furtherit is inevitabléhatassalmonigrogrambecomenoresophisticategkeater
reliancewill beplacedndevelopingtockspecificallypredfor theparticularequirements
of eachndustryThemarinenet-peulturedfcohsalmoserveasanexamplénstead
ofthenormaloragin oceapasturesgt-penearedohanussurvivandyrowapidl
inanenvironmeathighdensitgytificiadietsandncreasdédndlingires3 hesks
arebeingubjected elnltlallo asesf thedomesticatimmcesandthechanges
|nduced%capt_l\_/ltwljbeIOSMn esprogengfpen-rearaeddividualarecontinualkgx-
[Ia_osetd)t eartificisinchaturaelectiygessurgmheremthenewsystewfrearing.

huscontinuedseof seedtockromoutsidsourcesannobeexpecteid improveéhe
re%PQnsétheflshtotheselrcumstanc@dd|t|0nalmesourcefseeétockhauS
traditionallysedstate-operatedtcherieshnnoguaranteg consisteandadequate
s%pplyorthefuturebecausm‘theexpansmfot_he_lsalmonldro rams.

_DomSe&armsinc.,a commercialet-peroperationn PugeSoundyashingtorhasan-
ticipatethos@eeedby establishiagcohgalmohroodstotkfulfill productiore-

uirementdniversiffWashingtparsonnelththesuppodftheWashingtState

edranProgramavecollaboratedththefirm in developing programf systematic
breedingndselectioaswellasdeterminintherequirements captivecohosalmon
broodstogk.

Int (isreportvvehavgsummarizesdf_ewofourgenetioesulti;rorrtheinitialthreeyears
of theprograni.hesencludgenetiandphenotypi@arianceandcorrelatiorand
heritabilitiesf smoltificatioandireshandseawatgrowthdetermineidomanalysisf
the progenyof two broodyears Wewill alsodiscusgotentialandactualselectiorgains
resulting from the program.
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Materials and Methods

Mating Design
Estimate$genetigarametexgralerivefommeasuremeniprogemgsulting
from a balancedhierarchicatlesigninvolvingthe matingof onemalewith two females
;Flgu_rla!.'l' h|sje5|gwasjse<_ﬁbrtwo_br_ooiearé)??and19781'.he:rossg/$eldea0
ull-siand35paterndialf-sillamiliem 197 And66full-silmand33paterndlalf-sib
familiesn 1978n bothyearsadulffishwereheldandspawnedta seawatsite Water-
hardenegdgeersubsequetriynsferréaincubati@ndreshwaterarintacilities

at Gorst, Washington.

Female Family
1 1
2 2
3
4

Figuré. ThenestetMtirdesigamployedo produtamilieécoho salmoforestimatiggnetic

parameters,

incubation and Rearing

Individudiull-siblotswerdancubateth Heath-TechtraysAt yolk-absorptiahg40
familieswith thelargeshumbeiof survivorsnvereidentifiedandretainedandthenumber
in eachof thesefamiliesreducedo 500individuals Fry from the 40 familieswerethen
transferredo 10Qiter rearingcontainersgachfamilybeingplacedn a separateontainer.

At approximatetljy gmeanbodyweight,onefull-sib familyfrom eachpaternahalf-sib
groupvasmarketyexcisionfa fin adiposkn forBY197andpelvidinforBY1978!,
andbothfamiliesverethencombineth 1.2meterdiametefiberglaseanksRearing
temperatureseremaintainectbetweeri3and 15sCjuringthe entirefreshwaterearing
periodo promot@®-ager underyearlirggnoltificatiofponaldsandBrannonl 976!.
OregonMoist Pelletand a modifiedAbernathydiet were fed in sizesandration levelsbased
on fish size.

Seawater Rearing

Priorto the anticipatedcompletiorof freshwaterearing eachfull-sibfamilyreceived
distinctivemarkappliedy freeze-brandingith liquid nitrogen Mighell,1969!Fishwere
thensprayaccinatedith a bivalentibriovaccineSchiewandHodgins1977After
allowancéor woundhealingandantibodyiter elevatiorall fishlargethan10g body
weightverdransferreth theseawatesitefor grow-ouDuringheseawatgrhasehe
fishwereearedh floatingnetpeng20widex 50longx 12to 15deepata densityfap-
proximatelyl/2Ib/ft.sA significanproportioroftheindividualanaturedttwoyearsofage
4 monthspost-fertilization!. Thoseindividuals selectedor broodstockwere crossedunder
a circular rusting design Figure 2!.
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Data Collection and Analysis

Individualprogenylengthsand weightswere collectedat four, five, seven11,and 14
months post-fertilizationAdditionally, smoltificationas determinedby morphological
changesndearlyseawatesurvivalwasassessethcubatiorandadultperformancevere
also monitored but will not be discussed in this report.

Freshwaterdata{75individuals per full-sib family per measuremenperiod!wereanalyzed
with a balancednestedanalysisof variance ANOVA] to estimatevariancecomponents.n
seawateit wasnot possibléo obtainequalnumberperfamily,soanunbalancedjested
ANOVA was used. The variance componentswere used to estimate heritabilities h'l.
Analysisof covariancefor balancedand unbalancedlesignswas usedto determine
phenotypicand geneticcorrelationsVariancesgcovariancesand economicvaluesfor
specifidraitswerelaterinsertednto a selectiomdexto guidethe selectiorf broodstock,

Selection Program . . . o .

Adequatéreshwaterearingspacevasavailabléor only40full-sibgroupsflimitedsize,
This necessitatedan early culling of families basedon incubation performanceand of in-
dividuals within families on arandom basis. At the termination of freshwater rearing, in-
dependentullingwasagainpracticedvith onlythoseindividualsheaviethan10g being
sentto seawaterAt approximatelyour months postseawateentry, obvioushon-smolts
generallfishlesgshan30g bodyveightwereagainculledfromthepopulationA selection
index based on variances, covariances, and economic weights for freshwater and seawater
growthwas subsequentlysedto designatéhe ten bestfamilies.At maturity,ripe in-
dividualswithin theten bestfamilieswere selectedasspawnerson anindividual merit basis,
Crosseswere then made in accordance with the circular mating design Figure 2!, i.e., males
and females from one full-sib group were never mated together,

Results and Discussion

Heritability Estimates

Heritabilityestimatesverecalculatedor weightandlengthat threefreshwateandtwo
saltwatemperiods Datawere alsotakenfor the morphologicasmoltificationsiageof in-
dividualsat pre-and post-seawateentry sevemand 11 monthspost-fertilizationand
heritabilities for thosetraits were calculated.The heritability estimatedor thesetraits based
onthesirecomponerdrepresentenh Tablel.Standar@rrorsandhenceconfidencanter-
vals forall estimatewerelargebecausefthelimitednumbenf malesandfemaleg each
broodyear.Theestimatedhoweveryerefairly consistentor the differentmeasurements
betweenthe two brood years,and roughlycomparablevith other estimatesrom the
literature Aulstadetal.,1972GallandGross1978RefstiendSteine 1978!If regardeds
pointestimatesnly,theh’ valuesndicatethatsubstantiahdditivegenetiosariances pre-
sentfor all traits concernedand consequently successfulselectionis strongly suggested.

Genetic and Phenotypic Correlations

As shownin Tables2 and3, standarderrors are alsohigh for the geneticand phenotypic
correlationsand leadto somedifficulty in the interpretation of results.Thereare,however,
significantcorrelationdor lengthandweightat specificperiodsfor bothbroodyearsin-
dicatingithepieiotropigenactiororcloséinkagda-orexampléhegeneticorrelations
rG!betweerpre-seawatantry sevemmonthllength weightandsmoltassessmentere
highlysignificanfor bothbroodyearsThisindicateshatselectiotfior anyofthethreetraits
alonewould have someconcomitantand positive resultson the unselectedtraits. Thereis
somaliscrepancpetweerthedifferentoroodyearsonthe effectof selectindor traitsbe-
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FAMILY
3

6 Full-abr
3 Half-sib
Famines

FAMILY

6 Fua-ebs
3 Half-ab
Families

Figur@. Circulamatinglesignsedorindividualeomselectddmilies females
males!,

Table. Heritabil@gtimatesisesireomponeatfreshwasergdaltwatgrowtheasuremdots
progeny from adults spawnedin 1977 and 1978.

Mess. Date Trait BY 1977 BY 1978
Freshwater
Apr, la Weight .614 i,3'14 ,351i.231
May ! Weight 377 i.251 465 i.217
Len_gth .300 j.237 .564 i.245
luly ! Weight .250i.216 .262i.202
Length 224 i.211 .370 i,214
Stage .251 j.165
Saltwater
IVov, 1! Weight 117 j,112 .305 i,180
Length .170 i 128 ,377 i.199
Stage 2520 141
Mar. [15! Weight ,'193i.111
Length 179 i.109

aMonthgost-fertilization.
Standard error.
Basednmorphologisaloiindex Parrl - Smoltl.

tweertwomeasuremer(beriodsé\ccordirlg)ourresuIt$hefeneticorrelatidm_etween

foumontheighhdevenongmolts wasowoBY197[fG= .143Butelatively

highforBY2978rG =,6687! Similadifferenceanbefoundorothemeasurements, We

sug(T:;eEMamthesampI|ngerromereespon&bItDrtheresuIm,morbkelythathws

a reflectiorof the differentgeneticonstitutionsf the two broodstocks.
Wi_ththee_stimatésrrqeneticorrelationasldqe_ritabiIitie'si,s ossibtaletermintbe

efficiencgfindirecselectioioranytwotraitausingheformula:
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Relative efficiency =rG hxf h
whererG is the geneticcorrelafion
between traits Xand Y
hx andhyareQ h' for traitsX
antLY respectively Turner and Young, 1969!

Table 2, Genetic and phenotypic correlations among fresh- and seawater traits exhibited in progeny of the 1977
brood, One standard error is given in the parenthesis below each value.

4w 5w 5L Tw 7L 7S liw 11L 14W 14L

. 7999 9505 .6167 7374 .1439 -.0575 -.0715 .3927 .5020
.2051] .1567! ,5550!  .6425! ,5164! .5408! .5004! .3294!  .2973!

sw .4884 .9529 ,2488 4021 -.0280 -.5234  -5309 1371 .2575
,0351! ,0432]  .5563! .5629!  .5362! .5890! .5411! ,40D1! .3784!
5L ,5220 .9553 .0Ob24 147D -2903 -.6573 -.6333 .1948 .3017
.D351!  .0039! .6980!  .7331! .6310! .6615! ,6013! ,4130! ,3864!
W .2902 .190S .1105 1,0286 ,9053 -,0080 -.0559 .5492 .5755
1.D485!  .0423!  .0415! .0620!  .1]39! .7900!  .7534!  .5017!  .4649!
7L .3278,2441,1615 .9792 .8655  -'1997 -.2230,5237,5775
,0543!  .0413] ,0405] .OD15! .1682!  .0596! ,9908!  ,6435!  ,5996!
7S .0809 .0661 .0514 .8677 .8801 ,1833,1469 .3932 4625
,0300!  .0407!  ,0402! .0OD83! .DO79! 57321 54591 4109!  .3728!
11w -,0061 111 -'1202 1192 .0857 1615 1,0157 1.8962 1,6468
1.D283] .0362! .0377! .0361! .0354! ,0353! ,0197!  .2743]  .3034!
11L -D130 -1229 -1389 -.1046 .0727 .1580 .9621 1.3685 1.0893
.0291! .0398] .0392! ,0374! ,0366! .0364] .D021! 503N .6183!
14W 1724 ,06S1 ,0716 1777 1653 .1425 .3970 .3525 1,0465
.0385!  .0344] .0344! .0326! .0317! .0319! .0287! .02S7! ,0365!
14L 2113 .1050 .1040 .1810 ,1762 ,1565 ,3485 ,2927 .9572

1.0396] .035D] .0351! .0332! ,0323! .0327! ,0289! ,0291! .0023!
rG abovediagonal:rp belowdiagonal.

Arelative efficiency greater than one indicates indirect selection would be more effective
than selecting for trait Y directly. If we examine the respective values for four tnonth weight
and seven month smolt for the 1978 brood, a relative efficiency of .87 results. In this case,
direct selection for seven month smolts would be more effective, Values for other traits for
the 1977 and 1978brood years are presented in Table 4. Examination of the results indicates
there are only afew cases where indirect selection would be worthwhile and these are con-
fined to freshwater rearing. Again, brood year differences are apparent. One conclusion that
might be drawn is that early selection for freshwater traits will not apparently result in
substantial gains over direct selection during seawater grow-out. These relationships must,
however, be explored further before any definitive statements can be made. The results,
nevertheless, are useful as first approximations.

Predicted Selection Gains

Heritability —estitnates h'l, phenotypic standard deviations p!, selection intensities i!, and
the generation interval L! were usedto predict selection gains. The relationship can be writ-
ten asgain = h* p!L. The selection intensity could not be precisely estimated because of the
varied types of selection actually practiced index selection for families, phenotypic selec-
tion within select families, culling at pre- and post-seawater transfer! and the undetermined
effects of pre-spawning mortality. Predicted gains were thus calculated using two estimates



Table3. Geneticand phenotypiccorrelationsamongfresh-andseawatetraits exhibitedin progenyof the 1976
brood.One standarderror is given in the parenthesisbelow eachvaloe.

G trp aw 5W 51. W 7L 7S 11w 11L
6671 6633 ,8240 7712,6687 4403 4381
2017! 19411 27421 [.2154! ,3250! .3D85! .300'l!
5W 4298 9716 9761 ,8529 7069 4537 3066
,041 7! .0200! .1487! ,1208! .2210! 27211 .3021!
BL 4638 . 9487 1,01D2 9234 7718 5631 4353
.0432! .0037! 719! .09941 ,1983! 2294 .2600!
W 3851 5108 5654 9857 7808 5095 4081
.0408! 04211 .04341 [.0322! ,1947! 11391 .1326!
7L 4224 5190 5995 9753 9245 6792 6029
.D418! ,0433! .0449! .0021! .0733! 15411 .23D9!
7S 8408 8681 8718 7528
.0095! .0077! 327! .1840!
11W 2527 2974 3755 1798 1729 9822
.0388! .0391! .0409! .0391! .0404! ,0146!
11L 2741 2427 3354 2328 2351 9614
,0405! .0407! 0424 .0405! ,0418! .D025!

"rG abovediagonal;rp belowdiagonal.

Table 4. Relative efficiencies of indirect over direct selection where traits X and Y are the traits directly and in-
directly selectedior, respectively.No efficienciesreportedwhererG 0 or rG! 1. 1977dataabove
dashed line and 1978 data below dashed line.

Trait Y
Trait X 5W 5L W 7L 7S 11W 11L 15W 15L
1.02 1.36,97 1,22 .23 .70 .93
aw
. 58,52 .95 .75 .87 A7 .42
1.07 .30,96 .19 .37
5w
.88 1.3D .98 1,05 .56 48
17 24 .39
1.14 1.27,77 .53
.90 .83
W
.83 .87 a7 .34
,82 65
7L
1.23,75 .60
27 ,18 45 .55
75
72

for i; one estimateyields the maximum changepossible the other, the minimal changeex-
pected,Predictedgainsfor the progenyof BY 1977and BY 1978are presentedin TablesS
and6 respectivelyln almostall caseseventhe conservativecalculationspredict gainsin ex-
cessof 1 percenpergeneration.Suchincreasesijf realized,will be substantiallyhigherthan
thosecommonly expectedfor domesticlivestock, indicating that the potential for genetic
changein thesetwo groupsof coho salmonis substantial.
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Table 5, Prediction of selection gains per generation 977 Brood!.

Max. Min,
Trait Estimate Estimate

7
Month  Weight 14.46g 6.61g 46 d 14
Length '01.45 mm 11,63 mma 11 6 mmd 6

11
Month  Weight 136.71g »» gb 20 3,3qd 2.4
Length 210.42 mrn 28.91mmb 14 7mmd 3

14
Month Weight 374.17¢ 72.00 g 19 798 2.1
Length 305,37 mm 21,76 mm 7 3.2mmd 1.0

~Basedn selecting60 individuals out of 10,000.
Based on selecting 60 individuals out of 7,000.
cBasedon selecting 60 individuals out of 3,000.
Basedon index results end selecting 10 families out of 40.

Table 6. Prediction of selection gains per generation 978 Brood!.

Max. Min,
Trait Estimate Estimate
7
Month  Weight 17.63g 753g 43 05g
Length 107,49 mm 22,45 mma 21 2.0 mmc
11
Month  Weight 131.089 74.08b 56 95¢g
Length 210.42 mm 63.14mmb 30 7.0 mmc

~Basedn selecting60 individuals out of 10,000.
"Basednselectir@findividuatsutof7,000.

cBased on index results and selecting 10 families out of 40.

We have preliminary indications that the selection techniques employed thus far have been
very effective. Data on the freshwater growth of progeny resulting fram the selected 1977BY
adults show that with an equivalent number of temperature units [K Fe-32!ldayj,the selected
progeny have outpacedtheir parentsby a significant margin of 98 percent by the end of
freshwater rearing. As no control line was available due ta facility limitations, the increase
dueto environmentalimprovementscould not bodetermined.However,sinceno significant
changes in the rearing environment between the two groups were made, a large portion of
the increase may be attributed to genetic improvement.

Conclusions

The genetic basis for freshwater and seawater growth of two brood years of accelerated,
pen-rearedcoho salmonhaveboonestablishedOn the basisof heritability estimatesselec-
tion intensities, and correlations amongtraits, the potential for geneticimprovementap-
pearsconsiderablefor both groups,A broodstockselectionprogramhasbeendesignedand
implemented an tho basis of these results. Preliminary results indicate that the initial stepsaf
the program have been selected.
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Redistribution of Coho Salmon Catch

to Different FisherieSby StOCKTranSplallts

Edward A. Perry and C. Cross

Fisheries and Oceans Canada, Satmonid Enhancement Program, Vancouver, British Columbia!

Introduction

The benefits generated by hatchery productionof coho salmon depend on total stock pro-
duced,total catch and allotment of the catch betweendifferent fisheries. Partitioning be-
tween fisheries implies both geographical and social impacts related to where, and by whom,
the fish are harvestedSincethe economicvalue of salmondependsto a largedegreeon this
partitioning it is desirable to control catch distribution in order to maximize benefits.

Control is presently exerted at a secondary level by regulation of the fisheries but this is
complex, often controversial arrd inefficient. Also, motivation is stock management and con-
servatiorr rather than maximization of economic irrdicators. Control at a more fundamental
level,for exampleby producing smoltswith favorablebehaviorpatterns,is possibleand may
be practiced to supplement regulatory jurisdiction over the fisheries.

Cohosstocksof different origins releasedfrom a single site may be capturedat differential
ratesin various fisheries Hagerand Hopley, 1981].This suggestghat marine migration
routes and timing are at least partially a function of stock origin, On the other hand, catch
distribution of fish within a coho population is influenced by release size and time from a
hatchery Buckley and Haw, personal communication! and by downstream timing of wild
srnolts Fisheries and Oceans, Canada, unpublished data!. Thus, it is possible to influence to
some extent the allocation of hatchery produced coho between fisheries by stock selection,
by fish culture strategy,and perhapsya combinationof thesefactors.

The relative importance of stock origin, or genotype, compared to the cultural and release
environment as determinants of marine catch distribution is, however, unknown. This may
constrainthe potential distributional benefits of stock transplants.

Preliminary recoverydatafor cohoreleasedh 1977fromthe Big QualicumHatchery on
the eastcoastof VancouvetslandandfromCapilanddatcheryn NorthVancouverFigure
1lincluding a grouptransplantedfrom Big Qualicum to Capilano suggestthat catchdistribu-
tion is influenced by both stock origin and the rearing/release site.

Methods

Three groups of 1975 brood coho Big Qualicum production, Big Qualicum stock
transplantedto Capilano Hatchery aseyedeggs,and Capilano production were reared on
OMP diet for releaseas smoltsin 1977 Tablel1!. In total, 248,000srnoltsvere adipose
clipped and taggedusing nine different  binary codes.The Capilanostock was alsoleft ven-
tral clipped to facilitate identification of returning donor adults in 1978.
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Table 1. Releasedata summary for Big Qualicum and Capilano 1975 brood coho.

Stock ReleaseSite Size ¢! Date CWT Agency 2! No. CWT & AD
Qualicum Qualicum 25.8 May 5-18 1D/3 90,520
Qualicum Capilano 16.7 May 30-June6 16/1 7-22 123,403
Capilano Capilano 19,6 June 6 16/16, 12/7 34,083

Catch estimates for the three groups were based on preliminary data from the coastwide
mark recovery program, Recoveriesin the Canadian commercial fishery were expanded by
actual catch to sample ratios. Canadian sport recoveries were expanded by a factor of five
assuming an angler awareness rate of 20 percent, U,S, commercial recoveries were
expanded by afactor of three. Catch data far release groups represented by multiple tag
codes were combined for the present analysis. Minor changes in the results are anticipated
when the recovery data are finalized.

Results

Estimated commercial and recreational catch in 1976 from the 246,000 marked smalts
releasedwas 38,523for an overall contributian of 15.5percent. Catch rateswere 12.7 percent
for Big Qualicum production, 14.5percent far the Big Qualicum to Capilano transplant, and
26,9 percent for Capilana production Table 2]. Catch of agetwa jack coho in 1977was minor
lessthan 5 percent of the total catch! sowas not considered in the analysis.

Table 2, Estimated catch pieces! of 1975brood marked coho in 1978, by catch region and total catch aspercent

of release,

Big Qualicum Big Qualicum Capilano
Catch Region Production Transplant Production
Alaska 6 D
North Coast 54 O D D
Central Coast 1,905 534 126
West Coast Vancouver Island 1,624 1,229 454
Johnstone Strait 2,312 1,312 216
Georgia Strait Commercial 1,535 3,427 1.258
Georgia Strait Sport 3,695 9,53D 6,27D
Juan de Fuca Strait 65 311 95
Washington 285 1,536 744
TOTAL 11,481 17,879 9,163
Tagged Smolts Released 90,520 123,403 34,083
Estimated Catch 'Yoof release! 12,7 14.5 26.9

In order ta compare distribution of the different groups, regional catch data for each group
were expressed as proportion of the total catch for that group in eight catch regions Table 2,
Figure 1!. This was necessary since absolute catch rates at least partially reflect different
rearing conditions. For example, the Capilano production group which survived to harvest
at twice the rate of the other groups Table 2! was reared at extremely low density. Ex-
periments at Capilano Hatchery have shown a definite interrelationship between coho rear-
ing density and ocean survival Sandercock and Stone, in press!.

Capilano production of native stock contributed heavily to the "inside" Georgia Strait
fishery with over 82 percent of the catch in this region Table 3j. No fish were recovered in
the tnost northerly catch regions of Alaska and north coast, B.C. There was a low recovery
rate in the central caast and lahnstane Strait fisheries ,8 percent of the total catch!. A
significant portion of the Capilana stock appears to migrate south from Georgia Strait as
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Figure 1. British Columbia catch regions.
Table 3. Proportion of catch of each stock by catch region percent!.
Big Qualicum Big Qualicum Capt ann

Catch Region Production Transplant Production
Alaska 1
North Coast 0.5 e . O m . @
Central Coast 16.6
West Vancouver Island 142 6.9 4.9
Johnstone Strait 20.1 7.3 2.4
Georgia Strait 455 725 82.2
Juan de Fuca Strait 0.6 1.7 1.0
Washington 2.5 6.6 6.1
TOTAL 100.0 100.0 100.0

reflected by significant catches in Strait of Juande Fuca and Washington coastal waters 9,1
percent of the total catch!.

Big Qualicum hatchery production contributed more to outside fisheries than did Capilano
production. Only 45.5 percent of the Big Qualicum catch was taken in Georgia Strait com-
pared to 82.2 percent for Capilano production. Proportion of catch in the Johnstone Strait,
central coast and west coast Vancouver Island regions in particular was much greater for
Big Qualicum than Capilano production and Big Qualicurn releaseswere the only fish
recovered in the north coast and Alaska fisheries. Recoveries in the Strait of Juan de Fuca
and Washington were relatively low.

The catch distribution of the transplanted Big Qualicum coho, released from Capilano,
was intermediate between the catch patterns for the native stock production groups with the
exceptionthat this group had the highestpercentagerepresentationin the southernregions
including Washington and Strait of Juande Fuca. Georgia Strait catch amounted to 72.5 per-
cent of the total and, like the Capilano production, none woro recovered in tho north coast or
Alaska fisheries,
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Discussion

It is recognized that catch distribution patterns may not necessarily reflect stock distribu-
tion due to differences in catchability and timing, However for the purpose of production
planning, given established fishing effort, catch distribution is more critical than stock
distribution. Certainly, migration timing may be an important factor in determining catch
distributionof Capilanoand Big Qualicum cohostocks considering that the Capilanostockis
early tnigrating with peak escapementin late August whereas the Big Qualicum stock enters
the river in late October and early November, This may account for some of the differences
between Big Qualicum and Capilano production contributions to outside fisheries and be-
tween the Capilano productionand Big Qualicum transplant group contributions to the Juan
de Fuca and Washington fisheries.

Catch distribution of the Big Qualicum stock released from Capilano doesnot reflect that
of either Big Qualicurnor Capilano native stock production. The proportion caught in the
central coast, west coast Vancouver Island and Johnstone Strait regions is greater than that
for Capilanoproductionbut less than that for Big Qualicum production.  Georgia Strait con-
tribution is also intermediate between that for the two productionrelease groups, Only in
Strait of Juande Fuca and Washington fisheries did the transplant group contribute at a rate
outsideof the range seen for the production releases,

The allotmentof catch betweenmarine commercial and sport fisheries further emphasizes
the differences between the three releasegroups Table 4J.Approximately 68 percent of Big
Qualicum productioncohowere taken by commercial gear. At the otherextremesportsgear
took 88 percent of the Capilano production. Catch of the transplanted stock was more equal-
ly sharedbythe two user groupswith 46 percenttaken in commercial fisheries and 54 per-
cent taken in sportfisheries.

Table4. Relativecontribution of the productionand transplantgroupsto the commercialand sport fisheries.

Commercial 'Yo! Sport %!
Big Qua icutn 68 32
Transplant 46 54
Captlano 32 66

These results indicate that the catch dtstribution of the Big Qualicum coho transplanted to
Capilano for incubation, rearing and releasewas influenced byboththe genetic composition
of the stock and the environtnental history. This has significant repercussion for enhance-
mentplanning.If it is intendedto improvéhatchergontributiobytransferring stock  with
desiredtraitsinto a facility ona differentwatershed,it is apparentthat the marine behavior
ofthetransplantvill betemperedowardthat of the samespeciei therecipienstream.
Thus, while resource managers have an opportunity to adjust  the sharing of benefitsfrom
hatcheryproductioby stockransplantghe potentiafor controimaybe limitedbythein-
fluence of the freshwater environment on marine distribution.
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Dissolve®@xygenmg/Ilvs.pO,asa more Meaningful Indicator
of Life Supportfor Fishin Aquaculture  Systems

Philip C. Downey and GeorgeW. Klontz

/Urtiversity of Idaho, Moscow, Idaho/

Oxygersa majazonstrainh fishculturelf oxygeltevelaranadequatieshgrowths
reduced,feed conversionsincreased,and feedingbehavior altered [Davis, 1975!.

ManyinvestigatorBiper1970.eitritzandLewis 1976\WesterandPratt 197 thave
attempteddefineninimunoxygerequiremera$salmonitissinghedissolveakygen
contentrng/Ibf thewater Howevetheabilityof fishto uptakexygeis notdirectly
dependeunporthedissolveakygenonterntutisdependeanportheenvironmeniadr-
tia pressurefoxygerpo,! Figurd.!.If environmenta0 ,is sufficientlizigh thefish's
rateof oxygeruptakes ata maximunandis independeraf the environmentglO,. This
rang®fhighpO jstermethezonefrespiratoipdependendéherenvironmenia,
dropdelova criticdeveltermetheincipientethatensiortherateofoxygenptakéy
fishis limitedandis dependentiponthe environfnentghO,. In this zoneof respiratory
dependendieshgrowthandfeedconversioraeadverseffectedl heoxygepartial
pressurandthedissolvedxygeinf saturatediaterdependspornthetemperatusnd
elevation of the water.

An increase in elevation from 0 to 5,GG@. results in a 17percent reduction of environmen-
tal pO,.Dissolvedxygeris alsoreducedy 17percent Figure2!.

Figurd. Theeffecbfenvironmenpalrtiapressumtherateofoxygerptakafish.
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Figure2. Therelationshipetweerlevatiomndthepartialpressuref oxygen.

Tssapsrat&iay
Figur8. Theeffecbfwatetemperatwrihepartiapressurmgoxygeandlissolveaxkygen.

Watertemperaturbasa muchgreateinfluenceanthedissolvedxygerthanontheen-
vironmentgpO, Figure3!.Wherelevatiansheldconstanandtemperaturacreasefrom
0 to 20at:environmentalpO, is reducedby approximately2 percent,The sameincreasein
temperaturereducesthe dissolvedoxygenby 38 percent.

Therelationshipetweetonstamtissolveakygen mg/Hndheenvironmentadrtial
pressur@ exertsatvariousemperaturesinterestingFigure4!. Theenvironmentgd Oof
5mg/bf oxygemt20'Cs 86mmHgT hisis 46(perceneénvironmeniaD exertety5
mg/lof dissolvedoxygenat O'C.Obviously5 mg/l of dissolvedoxygenat different

temperaturdsesotprovidéhesamenvironrnenta®,andconsequentiye support
to fish.

It is apparenfromthe abovediscussiothatthe relationshifpetweerdissolveaxygen
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Figure 4. Oxygen partial pressure for 5 mg/t dissolved oxygen at various tetnperatures.

and environmental pO, is not constant and can be affected by water temperature. Since the
rate of oxygen uptake is dependent upon the environtnental pO environmental pO, should
be used in setting minimum oxygen limits for different elevations and temperatures,
Although there has been much research conducted on the effects of enviromental pO, on
blood-oxygen saturations, active metabolic rates, etc. see Davis, 1975! relatively little work
has been done on the effects of environmental pO, on fish growth. When this data becomes
available, hatchery design criteria will be improved significantly.
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Abstract

Japaneshigh seadisheryproductionhasgreatlydecreasedincethe enactmenbf a 200.mileeconomiczoneby
manycountries.To counterbalancehe impactof sucha decreasdhe Japanesgovernmenhasstartedseveraiex-
tensiveprogramsto developaquacultureand coastalfisheries.Theseinclude developmeniplansof hatchingand
releasingtechniques.seedproduction, improvementof coastalaquafarmsgconstruction of artificial fish reefs,
sandy intertidal plains and others. A great deal of effort by national and prefectural institutions as well as
fishermen'scooperativesnakest possibleto managdarge scaleaquacultureof prawns,scallopsabalonesndred
seabream. The culture of yellowtailand eel has also been established.

Along with an increasein aquacultureproduction, increasedfish diseasesmassmortality and toxic fish and
shellfish becomea serious problem. These are primarily causedby water pollution, artificial and natural
eutrophication,

This paperdescribeghe presentstatusof mariculture in Japarand discusseghe relatedproblems.

Introduction

The enactment of a 200-mile economic zone by many countries has had great impact on
the Japanesehigh seas fishery. The yield has drastically decreased Figure 1!. Since the
Japanesepeople take almost half of their animal protein from fishery products, it hasbecome
a serious imbalance of the former supply and demand.

Table 1 showsthe prospect of supply and demand of fishery products in Japanin the years
1990and 2000. It is apparent from the Table, that the fishery products will still maintain an
important statusasan animal protein source,and accordinglyfisheryproductsare expected
to increase by 70 percent by the year 2000. The Japaneseplan of fishery production develop-
ment is given in Table 2. Figure 1 illustrates the expected trend of four types of fisheries. It is
obvious that the offshore fishery and coastal fishery including mariculture! steadily in-
crease, while the high seasfishery is expectedto continue to decline. It must be mentioned
that the importation of fishery products will have a more important role in meeting the need
of animal protein intake.

Present Status and Future Projects of Aquaculture

The techniques of culture and propagation have been well developed for several species of
fish, crustaceans and shellfish. This is particularly true for seabream, yellowtail, flat fish,
Pacific salmon, scallops, oysters and abalone, The culture techniques have been established
for seaweeds such as Lominaria and Uttdaria. These technical developments support a fairly
large scale cornrnercial mariculture industry.
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Figure 1. Trend in fish catch by the
000 four groups of fishery opera-
tions in Japan Anonymous,
1979b!.
1965 5970 5975

year!

Tablel. Estimateddemandfor fisheriesproductsn 1990and 2000 domesticdeinand,excludingseaweeds],

1990 2000 Reference
Item Year 1976 ! ] ] ] 1965
Per capita daily Total protein 79.4 85 85 88 88 83.3
nutrition intake g! Animal protein 36.3 39.1 43.3 40.5 49.6 40.4
Fish protein 17.9 19.2 21.2 19,6 24.3 20.6
Demand for fishery Fooduse 760.8 950 1,050 1,050 1,300 881.4
product 0,000 tons! Nonfood use 247.3 300 400 350 400 400,1
Total 1,008.1 '1,250 1,450 1,400 1,700 1,281,5
Fish for processing saved by
effective utilization 0,000 tons! 50 50 100 100
Demand for fishing product with fish for
processing saved by effective utilization 1,200 1,4DD  1.300 1.600
Population ten thousands! 12,827 13.690 12,167

Anonymous, 1979a!.

Table2. Japanesesupply of marine productionsin 1977and projections of developmentin 1990and 2000
excluding seaweeds[10,000tons].

ltem/Year 1976 1990 2000 Remarks
In 200 seamiles of Japan 605,1 85D 1,D50 900 1,200 including freshwater
High seas 41,7 50 100 including Antarctic Ocean
In 200 seamiles of

foreign countries 350.6 200 200
Net import 10.7 100 100

Import minus Export! 13.6 102.9! sO-sD! [150 50!
Total amount of supply 1,006.1 1,200 1,400 1,300 1,600

Anonymous, 1979al.

Table 3 showshe trend of production of major speciesn aquaculture.Fromthis tablewe
knowthattheproductiorhassignificantlyncreasedincel970Theincreasén production
of abalone,prawns and seabream has greatly contributedto the developmenbf
aquaculture.

In 1978the Japanesgovernmentstartedcoastalfisheriesdevelopmeniplanswith a total
budgetof 200 million yen $880.000!The primary purposeof the plan wasto improve the
fishery grounds for aquaculture. In 1978, a total of 577 artificial fish reefs were constructed,
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87 fish culture centers were established, and 37 sites were chosen for special fishery ground
protection plans. These numbers will be increased by the year this project terminates 962!.
The second project will start shortly after the evaluation of the first plan is finished.

The fish culture centers have taken a lead role in developing the culture techniques and
carrying out artificial fertilization and release of spawn. The fish culture centers were
established in 35 different locations in 1975, compared to only nine centers in 1963. Two
prefectural governments have their own fishery centers, Figure 2 shows the coverage of
areas by these centers surrounding almost all the coastal regions of Japan.

Figure 2. Designated sea area i'or promotion
of development of fishery resources
Res. Inst. Ocean Economics, 1975!.

Salmon propagation is one of the most important fish culture programs in Japanand has a
long history, Currently the facilities and techniques make it possible ta release atotal of 850
million fry inta 146 rivers in Hokkaido at the state-run hatcheries. A total of 470 million
salmon fry have been released into 94 rivers in nine prefectures by fisheries cooperatives on
Honshu. In 1979,the salmon propagation plan was greatly expanded to release salmon fry
into 157 rivers.

The main salmon propagation plans in 1980are as follows: 1!ta conduct basic surveys on
the suitable rivers for salmon stocking, 2! to improve the structure of rivers in order that
returning salmon can avoid obstacles to their natural spawning grounds, 3!ta improve the
rearing techniques ta facilitate the growth of salmon fry in confinement which in turn will
decrease their mortality rate after they are released. The improvement plan of hatchery
facilities belonging to the fishery cooperatives in Hokkaido and the production facilities for
silver salmon on Honshu Island will also be strengthened in 1980.

Environmental Problems
Along with the advancement of fish culture and propagation, various accidental damage to
fisheries has been occurring in the coastal regions of Japan.The main reason is believed to

be the deterioration of the marine environment, Table 4 shows the increasing tendency of
damage causedby red tides, pollution by waste oil and other contaminants. Mass mortalities
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Table4. Damageo fisherydueto water pollution. Top figure: numberof caseshottomfigure: amountof loss
million dollars, 1$ - f 226!.

Case of damageiYear 1973 1974 1976 19'76 1977 1978

Red water discolored water! 30 26 27 36 41
262 0.46 0.92 1,39 21,93 19.79

Pollution by waste oil 91 77 111 103 136
%82 114.28 11.93 5.54 9.22 16.41

Others 51 82 74 66 33 33
6.28 8.42 3.18 7.54 0.28 D.47

Total casesof marine pollution 136 203 177 204 172 210
16.72 123.16 16.03 14.47 31,43 36,67

Anonymous, 1980!.

of yellowtail and seabreamin culturing pondsin the Inland Seehavebeenfrequentlycaused
byredtides.In Hokkaidoand Aomori prefecturesthe occurrenceof toxic planktoncauseda
serious economic loss to the scallop culturists. This resulted in a closure of the scallop

marketfor a longperiod of time, Redtides havebeenreportedfrequentlyin recentyearsand
tend to last longer than those in previous years,

Although water protection laws and related regulationshaveconsiderablypreventedthe
deterioration af seawater by pollutants from factories and cities, oil waste water, poisonous
materials, and thermal pollution have been reported to a considerable extent. The clarifica-
tion of causes of fishery damage and assessmentof environmental protection are urgent
problemsto be solved.Many national and prefectural governmentagenciesand private in-
stitutions have been involved in the research on pollution and environmental protection.

Future Problems

Fish culture and propagation in Japan has been successful due to cooperation between
fishermen, researchers and national and prefectural governments. However, there are many
problelns to be solved before attaining the above mentioned goal of increased fish culture
and propagation.

Japanhasa continentalshelfof 440,00km' which is equivalentto 1.2timesits land area.
At presentonly 1/300of the continental shelf hasbeenutilized for fish culture and propaga-
tion Table S!.An estimate indicates that at least half of the unused seaarea can be utilized
for mariculture. Since most of the potential area is under the influence of the open ocean,
development of marine engineering is required to establish culturing facilities safe enough ta
resist adverse seaconditions, In particular, fish culture facilities and floating fish reefs in the
offshore regions are needed. Advanced technology is also needed for marine environmental
control systemsartificial seaweedarlns, breakwatersitesand intertidal sandy plains.

For the culture of fish such assalmon, red seabream, prawns and abalone, the establish-
ment of appropriate technology is needed to produce healthy spawn in large number. It is
also necessary to select new culture species, especially in migratory fish such astuna.

The most urgent need for fish culture is the establishment of the appropriate food for the
different life stagesof the animals. The future researchplans will have to enlist the

Table 5, Land area and the area of economic zone estimated area by water depth!.
Total Land 0-200m  200-500m 500-100D m 1000-6000 m 6000 m+

Area 0,000 kmt! 468 37 44 15 23 347 22
Ratio 96! 100 77 9.1 3.1 4.6 71.7 4.4
Area in ratio compared

with land area 133 1,0 0.4 0.6 9,4 0.6

Res. Inst. Ocean Economics, 1975!,
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technology of efficient use of inland water. Ecosystem studies of the seaarea where the
releaseof the new culture specieswill occur are also needed.The prey-predatorrelation-
shipsand food availability for releasedfry in the seamust be intensively studied.

Reforms of law and finance will strongly support the promotion and introduction of the
new aquaculture technology.
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Abstract

Cohdry wereraisedn 197-litetanksattemperaturgangingrom8 to1so@ freshwatet,Opartsperthou-
sand ppt!, or 20 ppt salinity under simulatednatural or artificial photoperiodsfor 20 weeks.Growth rateswere
determinebyperiodioveighingfallfishatthreeo fourweekntervalshroughouheexperimentSamplest
12tishwereremovefromeachankafterweighingandtransferretb seawateo determinéherateof develop-
ment of hypoosmoregulatory capacity asa measure of smoltification,

Temperatureand photoperiodhad the greatesinfluenceon growth and smolting.Growth wasgreatestat 17'C,
but optimum hypoosmoregulatoryapacity for coho rearedin freshwaterdevelopedat 140C.Under simulated
natural photoperiodthe optimumdatefor transferto seawatemwas 30June No optimumwasdiscernedin thefish
exposedo artificial photoperiodsGrowth wasalsobestunder simulatednatural photoperiod Rearingin 10or 20
pptsalinityfacilitatecadaptatioto seawatean!yslightlyandhadlittle effecongrowth.

Introduction

A recurring problem encountered in the culture of anadromous salmonids is to determine
the optimum time for their transition from freshwaterto seawateresidence Wedemeyeret
al 1980!. Thereis considerableevidencethat early growth and developmentto the smolt
phase in several speciesis controlled by the annual seasonalcycle of environmental factors
suchastemperatureand photoperiod Folmarand Dickhoff, 1980;Hoar, 1976;Wederneyer,
etal., 1980! Furthermore,it hasbeenobservedhat smolting canoccur within six monthsof
hatching when coho fry are reared at elevated temperatures Donaldson and Brannon, 1976;
Garrison, 1971!.However,there s little quantitative information concerningthe cornbina-
tion of environmental conditions required to produce underyearling coho smolts.

The presentexperimentsare part of a studyof techniquesfor acceleratinggrowth and ad-
vancingthetime of smoltingin juvenile coho salmon.Earlier experimentsin this laboratory
demonstratedhat compressionof the annual photoperiodcycle by advancingthe solsticeat
a reducedamplitude of changeof daylengthwas more stimulatory to growth and smolting
than was merely acceleratingthe rate of changeof daylength Clarke,et al., 1981!Sincefull
smoltdevelopmentbof cohowas not attainedin the earlier 12week experiment,the present
experiments were conducted for 20 weeks.

Materials and Methods

Coho salmon eggswere taken at the Big Qualicum River hatchery on Vancouver Island in
Novembearnd transferredto the Pacific Biological Stationfor incubation. Fry were held in
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197-liter tanks in five laboratory rooms, each with independent light control Clarke, et al.,
1978! ] aboratoryconditionsand samplingprocedureswvereasdescribedpreviously Clarke,
et al., 1978 and 1981!.

In Experimentl, fry were randomlydistributedamong29tanksat a weightof 0.4g, The ex-
periment consisted of a complete factorial of three temperatures 8, 11.,5,15'C!, three
salinities freshwater,10ppt, 20ppt! andthree photoperiods simulatednatural, accelerated,
and reducedatnplitude! for a total of 27 groupsof 60 fry each.Two additional freshwater
tanks were setat 8 and 15'C under a constant 17 hour daylertgth. The photoperiod regimes
are illustrated in Figure 1. Acclimation to temperaturewas completedduring the second
weekof the experimentand to salinity, during the third week.Fishwere fed to excesswith
OregonMoist PelletsusingautomaticfeedersThe length of the daily feedingperiod wasthe
samefor ell photoperiodtreatmentsin orderto avoid confoundingthe effectsof photoperiod
on appetite with those on feeding opportunity.
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Figurel. Scheduleof daylength tnanipulation for: 1! constant 17 hour photoperiod;2! reduced amplitude
photoperiod; 3! simulated natural photoperiod; 4! accelerated photoperiod. The dynamic photoperiods
were achieved by manual adjustments of the timers twice weekly to produce the appropriate increase or
decrease.

Experimentl wasconductedh thefollowingspringOnehundredcohaofry wereweighed
into eachof five tanksat a sizeof 0.4g andrearedin freshwaterattemperaturesof 8,11,14,
17,and 18sQuntil rnid-Julyunder simulatednatural photoperiod.OregonMoist Pelletswere
presentedin excessof satiation during four 30-minute periods daily, using automatic
feeders.The four mealswere spacedequally over the daylight period, increasingfrom 11
hours at the beginning to 17 hours at the end of the experiment.

In both experiments,all fry in eachtank were weighedindividually at threeto four week
intervals.In addition, the developmenbf hypoasmoregulatorgapacitywasassessety tak-
ing samplesof 10to 12 fish from eachtank and subjectingthem to a 24 hour seawater
challenge test Clarke and Blackburn, 1977!.

At the end of Experimentll, seventreatmentgroupsrepresentinga rangeof performance
in the final seawaterchallengetestwere selectedor a studyof growth rate in seawaterThir-
ty fishrepresentinthemedium-sizeiddividualsvereselecteétomeachofthegroupsand
placedin tanks of seawater9 pptl. Growth performancewas assessetbr 40 days.
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The growth data frotn Experiment | were analyzedusing factorial analysisaf variance.
The data from the seawaterchallengetestswere subjectedto nonlinear responsesurface
analysis Lindsey, et al., 1970;Lindseyand Sandnes,1972lin orderto generatesoplethsof
plasma sodium in relation to rearing conditions,

Results

Experiment |

Growth

The factors with the greatestinfluence on growth were temperatureand photoperiad
Figure 2!. Analysis of variance on weight at the end of the experiment indicated that these
effects wet'e statistically significant p .005 and p .05, respectively!.Although growth
appearedo declineslightly at 20 ppt, this effectwas not statistically significant. Therewas
no significant interaction amongthe effectsof temperature,photoperiod,and salinity on
growth.

€a 115 15 61 15 15' 8' 11515 Ir 15
TEMPERATURE

Figure 2. Mean body weight achieved in each tank at the end of Experiment |in relation to temperature,
photoperiod, and salinity. Initial weight of the fry was OAg.

Mortality
Therate of mortality waslessthan 5 percentin mosttanks. However,the 20 ppt, BeGank

under accelerated photoperiod suffered 50 percent mortality, most of which occurred be-
tween weeks 13 and 15 of the experiment. No disease agent could be identified and the
deathswere attributed to osmoregulatoryfailure. The mortality, coupledwith an accidental
loss of fry and removal of samples for seawater challenge, resulted in an absence of fish in
this treatmentgroup during the last four weeksof the experiment.

Smolting

All three environmentalfactorsinfluencedthe ability of cohoto adaptto seawaterPerfor-
mancein the seawaterchallengetest wasimprovedwith increasingtemperatureand salini-
ty. The artificial photoperiod treatments all suppressed smolting in comparison with the
simulatednatural photoperiod,The magnitudeof this effectis evidentfrom a comparisorof
the meanplasmasodiumconcentrationafter seawaterchallengein samplegakenfrom the
freshwater, 155Ctanks at the end of the experiment: natural photoperiod, 155.3; reduced
arnphtudephotoperiod,1B0.3accelerategphotoperiod,179.4;1 7hour constantphotoperiod,
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202.5 meqg/L. Response surface analysis failed to obtain an optimum within the test space for
fish reared under the reduced amplitude and accelerated photoperiods. However, analysis of
data from groups reared under simulated natural photoperiod indicated an optimum of 153.9
meqg/L sodium at 4.8 ppt salinity, 13.90Con 18 June.The relative likelihood function far the
response center coordinates was ! 0.1 i.e., comparable with a normal 95 percent probabihty
interval; Lindsey, 1970! for salinities of 0to 14 ppt, temperatures of 13to 15'C, and seawater
transfer dates of 9 June to 14 July.

Experiment ||

Growth

From an initial size of 0.4 g, the mean wet weight achieved by mid-July increased fram 8.5
gat 8'C to 39.7 gat 17'C and then dropped sharply to 22.2 g at 18'C Figure 3!. These weights
are sotnewhat greater than those obtained at comparable temperatures in Experiment |, due
to the longer daily feeding period,

TEIhPERATVeE

Figure3. Effectof temperatureon growthin Experimentfl. The heavylinesrepresenthe growth curvesat each
temperature from the end of the acclimation period in early March through t2 July. The numbers at the
end of eachgrowthcurveindicatéghe  meanbody weightin grams atthe end of the experiment.

Mortalit

Eightfigh diedin the 8eCQank, four in eachofthe 11,14,and 17'Ctanksandsix in the 18'C
tank,

Smolting

Performance in the seawater challenge tests improved from early May through Juneand
then declined in July. Response surface analysis of data fram groups under natural
photoperiod in Experiment | combined with the data from Experiment Il indicated an op-
timurn of 154.3meg/L sodium at 24'C on 30 June for fish reared in freshwater Figure 4!. In-
clusion of salinity asa factor in the analysisadvancedthe optithum transfer date by four
days. The predicted center of 154.6rneq/L sodium now occurred at 0.5 ppt salinity, 14,5'C on
26 June. The relative likelihood function for the center coordinates was ! 0.1 for salinities of
0 to 2.4 ppt, temperatures of 14 to 15'C and transfer dates of 26 Juneto 27 June.

Growth in Seawater

During the 40 day period in 29 ppt seawater, mean specific growth rate was inversely
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relatedo mearplasmaodiunmconcentratioatthetimeof transferrangingrom1.1per-
centperdayto 0.31percenperday.Therelationshipvasdescribetlythefollowingregres-
sion equation:

G 6.76 -0.034 xNa
whereG is specificgrowthrate and Na is plasmasodiumconcentratiorafter 24 hour
seawater challenge R' =0.79, p .01l

Discussion

Theresultof the presenexperimentsdicatethat photoperioéndtemperaturarethe
mostmportanfactorsnfluencinggrowthandsmoltingpfunderyearlingohosalmonThe
interplayof temperatur@andphotoperiodn hypoosmoregulatocgpacityis readilyseen
front examination of the responsesurface Figure 4!. During May, performancein the
seawaterchallengetests were influencedstrongly by temperaturewith the greatest
hypoosmoregulatocgpacityobservedh fishrearedattemperaturesf 11to 15'C At the
time of optimumat theendof Junetheinfluenceof temperaturgvaslessmarkedBy July,
performanceeclinedapidlyregardlessf temperaturesuggestinthatphotoperiods the
primarycuefor reversiorno theparrcondition,Thecenteof theresponssurfacevassyn-
chronizedythenaturalphotoperiodycle sincenonewasobserveth thegroupsexposed
to artificial photoperiods.
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Figured. Effectoftemperaturehistoryandtinle of transferto seawateion plasmasodiumconcentrationin a 24
hour seawater challenge test of underyearting coho reared in freshwater. Isopleths are drawn for 155,
160, 1S5,and 170 meg/l sodium, The Center pOint represents 154.3 meg/i. sodium at 1411©n 30 June.

The resultsof the presentexperimentsare in accordwith our previousfinding that com-
pressiorof the annualphotoperioatycleby advancindhe solsticavhile maintaininghe
normalrateof changeof daylengthi.e reducedamplitudels morestimulatoryto growth
and smoltingthan is acceleratinghe rate of changeof daylengthClarkeget al 1981!.
However thesephotoperiodregimesfailed to accelerategrowth and smoltingin comparison
with a naturaphotoperiodycle Ontheotherhand experimentwith Atlanticsalmorand
steelheatioutparrduringfall andwinterhaveresultedn morerapidgrowthandadvanced
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srnoltingnderacceleratent  phase-advancegzhotoperiodsnutsscandGrav, 1976;
Kornourdjiaretal.,1976SaundesndHendersoh970yWagner 9741t wouldseenthat
underyearlimphaequirelevatete mperaturesgrowto smolsizeandhatheyarein-
capablefrespondingtheusualechniquedgphotoperiatceleratia@uringspringnd
earlysummerwhen growthis alreadyrapid. Theconstant27 hourphotoperiagegime
stronglysuppressetoth growthand smolting,indicatingthat changingdaylengthis a
necessarguefor synchronizationf normalgrowthanddevelopment,

The intermediatesalinitiesusedin Experiment had a relativelyslighinfluencen
growthandsmoltingA salinityof 20ppt depressegrowthonly slightly,excepunderthe
acceleratepghotoperiod@t8'Cwhereit causedheavymortality.Theslightgrowthsuppres-
sionundenatura;bhotoPeriMOtalto etheurprising,  sincethefry werentroducedo
20pptsalinityata sizefonly.50 1,%9.TransferﬂargqmresmcbhmZOppsal|n|ty
wouldnotbeexpectedhavenyeffecongrowthClarkegt  al.,1981!Howeversalinities
of29%030pptausgrowtktuntingpresmaibhdBern] 978 larkandNagahama,
1977Rearingohan 10or 20pptsalinitymprovegerformanae theseawatehallenge
testonly slightly. Thisminoreffectdoesnotseento justifya substanti@apitainvestment
to incorporate seawaterinto rearingsystemsor presmoltoho.Nevertheless, the useof
brackistvatersadvantagedasothereasonse€larkegtal.,1981thepresentesults
indicatethat it can be usedsuccessfully,

Thepredictednaximunhypoosrnoregulatorgpacityfor cohorearedn freshwateoc-
curredat 14'Con30June Inspectiorof thegrowthcurvesFigure3!revealshatthemean
wetweighat14'Conthisdate is 27,Eg.Thiscor_resgono!mtherclosel thecenternfthe
surfacéor maximumeturrof adulicohambtainetdyBiltongtal. 980!. Theyestimated
maximunreturnsfrom releasef smoltsat a mearweightof 25g on22June A plausible
hypothedisr this correlatidmetweehypoosmoregulatorycapacitgndmarine survival
waspostulatedby Houstorr959, 1961!Heobservethatlocomotoperformancef chum
fry was depresseduring adaptatidn seawatergoincidenwith the processf
osrnoregulat@gjustme Hous_tori,959!H_esuggestetiatasa resultsmoltsnaybe
morevulnerabl predationuringthisperiodand"...releaseof hatcheryishatthe
weight and length producing mostefficient adaptationto seawater should reduceboth the
extentanddurationof adjustiveehangesindhencesusceptibilityo predation” Houston,
19611,

In additionto thisshort-ternmeffecton locomotomctivity,the 40-daygrowthtestin sea-
waterattheendof Experimentl revealed prolongedffectof therateof adaptatioto sea-
wateron subsequerdbility to grow. Groupsof cohowhich hadthe greatestleclinein
hy[poosr_nore ulatocgpacityin Julyalsogrewleastwhenheld in seawaterFor smolts
releasedtothenaturaénvironmenglowgrowthwouldikelyleadindirectlyto higher
mortality through predation,

Experimentableasesfunderyearlin?ohdwaveusualIyproduced/erﬁdow rate®f adult
returnin comparisamthnormal yearlingsmolts seeHilton and jenkinson,1980!The
coordinatésroptimurperformanoéunderyearling cohoin theseawatechallengéest
indicatethat the release"window" is morerestrictedfor theseacceleratedish than for nor-
malyearlingmoltsThismakes muchmoreifficultoreleasenderyearlimphsmolts
at the correcttime, Reducediability during marinelife mightalsooccurasa resultof
delayedeffectof acceleration on adult metabolisand maturationDonaldsoand Bran-

non 976! observedan increasein the rate of return of two-year-old adults from releaseof
six-morrtitohasmoltovera periodfseverayearsTheysuggestdtiataspeciastockvas
beingelectedincéheacceleratwmuoliproducedsuccessiyeansergaheprogeny
of two-year-old adults.
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Abstract

Analysisof plasmaconcentration®f thyroxineiT,! andtriiodothyronine Telbf smoltifyingyearlingcohosalmon
maintainedatten ColumbiaRiverhatcherieshasrevealeda distinctspringtimepeakin plasmaT,, Groupsof these
hatchery-rearedish weretransferredto seawatenet-pensatthe aquaculturefacilities at ManchesterWashington
attimescorrespondingo their hatcheryreleaselates.Dataregardingthe percentagef survivingand smoltedfish
werecollectedthroughoutsix monthsof seawateresidenceThesedatawerecomparedwith variousparametersf
thefreshwater, peakOneaspeodftheT, pealproportiomftheareaunderthe T, curveshowed significant
correlation with survival of fish in seawater after six months. These data suggestthat analysis of plasma T, of smolts
in freshwatermay provide a predictiveindex of their seawaterperformance Similar studiescomparingyearling
coho salmonwith underyearling!"0-age"! fish whose growth was acceleratedby rearing at elevetedwater
temperatureindicated a seawateperformancecurve correlatedwith a T, peakwhich occurredduring the early
summer,Theseresultssuggesthat smoltification of yearlingand 0-age salmonoccursby different mechanisms.
Theselatasuggeshatanalysief changes plasinghyroidhormoneprovidesisefuinformatiomegardinghe
optimal time to transfer cultured salmonidsfrom fresh-to seawateffacilities,

Introduction

Sincethefirst observationsf the activation of the thyroid gland during salmonsmoltifica-
tion Hoar, 1939!the thyroid hasbeenimplicatedin a varietyof biochemical, physiological
and behavioralchangesassociatedvith the parr-smolttransformation seereviewsby Dodd
and Matty, 1964;Fontaine, 1975;Woodhead,1975;Hoar, 1976;Bern, 1978, Wedemeyer et
al.,, 1980; Folmar and Dickhoff, 1980al!, Recently, through the use of modern biochemical
technigues principally hormoneradioimmunoassayseasonatyclesof plasmathyroid hor-
mone concentration have been quantified in brook trout, Solvelinusforit!rtalis White and
Henderson, 1977!, rainbow trout, Salmo guirdneri Osborn, et al.. 1978], coho salmon Ori-
corhynchuskisutch Dickhoff, et al., 1978! and masu salmon, Oncorhynchusmesai

Nishikawa,etal 1979!.Evidenceaccumulatedo dateindicatesthat the plasmaconcentra-
tion of thyroid hormonesduring smoltification of coho salmonis influenced by a rangeof
geneticand environmental [photoperiod,temperature,diet, xenobiotic, etc.! factors. Thus,
measuremenbf thyroid hormonesof salmonappearsto be a sensitivebiochemicalindex of
those factors which may influence parr-smolt.

Additional studies of the cycles of thyroid hormones in coho salmon with relation to the
time of seawater entry of particular stocks of fish have suggestedthat such measuremettts
may be useful indicators of the extent of smoltification in freshwater Folmar and Dickhoff,
1980b!. An accurate, predictive index of the appropriate time for transFer of salmon to

217



seawatelis of obviousvalueto salmonaquaculturists.The presentreport discusseshe rela-
tionship betweenthyroid hormones,time of seawaterentry and survival of salmon in
seawater net-pens in both yearling and 0+ age coho salmon.

Materials and Methods

Yearlingcoho salmonusedin this studywere obtainedfrom hatcherieslocatedin the Co-
lumbia River basin, Plasmasampleswere taken from fish in freshwaterat two-week inter-
valsfrom MarchthroughJune. Samplesvere storedfrozenuntil theywere assayedor
thyroid hormoneconcentration. At times correspondingto the releasedatesat the various
hatcheriesapproximatelp50fish werecollectedrom eachhatcheryandtransportedy
tank truck to the National Marine FisheriesServiceAquaculture Researctttation at Man-
chester, Washington. Upon arrival at Manchester, the fish were placed in freshwater,
weighedandmeasuredindthendividedinto two groupsonefor destructivsubsampling
50 fishlandtheotherfora six-montlgrowthandsurvivaktudy 00 fish!.Fishdesignated
for the survivaltudywerefurtherdividedinto two groupsof 150fisheachpnegroupwas
vaccinateavith a bivalenVibriovaccineandtheotherwasshaninjectedandfin clipped,
Vaccinationwas accomplishedby a 0.15ml intraperitoneal ip! injection of heatkilled Vibrio
anguillorum Biotype | and Biotypell in a 3:1ratio; Schiewe,etal., 1977'in a vehicleof 0.85
percentsodiumchloride solution. At this point, all of the experimentalfish were transferred
to seawater net-pens .1 x 1.2 x 1.2 m nylon meshwith 5 mm aperture, Delta weave!. At the
time of transferthe salinityof ClamBaywas27 partsperthousandppt!. Duringtheir six
monthsin seawater all fish were weighedto the nearest0.1g and measuredo the nearest
mm at approximately 30-day intervals from May through November. Mortalities were
removed from the net-pens twice daily.

Forthe studycomparingd-ageand yearlingsexperimentalish were obtainedaseggs
from the Toutle River hatchery WashingtonDepartmentof Fisherieslin Novemberof 1977.
The eggswere transported to the National Marine Fisheries Service, Northwest and Alaska
Fisherie€entelin Seattleandthendividedinto twotestgroupspnegroupwasplacedn
an acceleratedgrowth regimeto enter seawateras 0-ageanimals 978!, while the other
groupwasrearedundernormalhatcheryconditiondo enterseawateasyearlinganimals
979!. Acceleratiorof growthwasaccomplishelly increasinghe watertemperaturén
1'C/dayincrementsfrom 8 to 12'C at the swim-up stageand then maintainingthe
temperature at 12to 13'C until transfer to seawater. The fish reared for transfer to seawater
asyearlingswere maintainedon an ambienttemperatureregimewhich rangedfrom 6'C in
the winter months to 20'C in late summer.

Whilein freshwaterthe yearlinggroupexperience@pizooticof both myxobacterial
diseasaVlyxobacteriugp.lin 1978&ndfurunculosisAeromonasalmonicidah 1979The
outbrealof furunculosi®ccurredconcurrentlywith thefifth serialseawateentryof the
yearlingfish. Thesediseas@utbreaksveretreatedwith the antibiotic,chlorarnphenicol,
whichwasadministereth thedietat 3 g/kgof foodfor a ten-dayeriod.

Samplindo collectplasmdromfishto freshwatewascommenceuh April 1978or the
0-agefish and March 1979for the yearling fish and continued at two-week intervals
throughoutthe freshwaterresidenceperiod. The 0-agefish were transferredto seawatemet-
penson 15Mayandtheneverjtwoweekshereaftethroughoufugustl978eighentries!.
The yearling fish were transferred to seawaternet-pensat two-week intervals frotn 15
Marchthroughl5Juneandthenatone-montlintervalghroughl5Septembek979nineen-
tries!.

For the blood sampling,fish were stunnedby a blow to the headand the tail wassevered.
Bloodwas collectedfrom the caudal vesselswith a heparinizedpipette. Blood was centri-
fugedo separattheplasmaPlasmaamplesverestoredrozenuntil assayedlasmaon-
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centrations of thyroxine T,! and triiodothyronine T,! were measured using specific radioim-
munoassay methods Dickhoff, et al., 1978!. Antisera were purchased from Endocrine
Sciences Tarzanna, Calif.!; I"-labeled hormones specific activity: 750to 1300 mCi/mmole!
were obtained from New England Nuclear Boston, Mass.!. A 10/tl volume of plasma sample
unknown! or standard containing known concentrations of thyroid hormone diluted in
hormone-free salmon plasma was dispensed into 12 x 75 mm glass test tubes. Standards
were run in triplicate; sampleswere run in duplicate, To each of the assaytubes, 250/l of the
following mixture was added: bovine y-globulin Cohn fraction 1l, Sigmal!, 100 mg; 8-anilino-
1-naphthalenesulfonic acid sodium salt!, 80 mg; 8 x 'JO'cpm radiolabeled hormone; 0,11 M
barbital buffer pH 9.0!, 100 ml; antiserum. The amount of antiserum added was adjusted to
result in 50 percent radiolabeled hormone bound with no added unlabeled hormone. The
standard curve ranged from 2.5ng/ml to 40 ng/ml of T, or T,, Assay tubes were capped and
incubated for two hours at 37' followed by 15 minutes at 4'. Antibody was then precipitated
by addition of 0.3 ml of cold '! 20percent w/v! polyethyleneglycol followed by thorough
mixing, The precipitate was centrifugedat 2000g for 15minutesat 4'.The supernatantwas
decanted by inverting the tubes. The pellet was counted in a Micromedic gamma well
counter for three minutes per tube.

The standard curve was constructed and unknowns were calculated by alog-logit plot and
weighted regression analysis [Rodbard, 1974!using a Hewlett-Packard 9815A computer,

Results

A typical pattern of change in plasma concentrations of T, and T, of yearling coho salmon
in freshwater is shown in Figure 1. Plasmalevels of T4 showed a distinct peak while the con-
centrationof T, showedeither a gradualincreaseor no change.The peakheightand dura-
tion of elevated plasma T, concentrations were unique for each hatchery stock. However, the
time of highest T, concentration was similar for all groups sampled in 1978.

The effect of transferring fish from freshwater to seawater is shown in Figure 2. Within
one to four days of seawater residence, the plasma concentration of T, fell to alevel
equivalentto the lowestmeasuredn freshwater,Plasmaconcentrationsof T, in fish remain-
ing in freshwater stayed elevated Figure 2, dotted line!. Thus, the cycle of plasma T, was
shorter for those fish entering seawater.
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smoijtification in freshwater at Big Creek hatchery.
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Figure2, Effectof transferring cohosalmonto seawaterarrow! on plasmaT, and T, concentrations.

Variouaspectsfthecycle®f T, in fishremaining freshwatar enteringeavater
werecomparewvith thesurvivabfeachhatchergtockoffishin seawatenet-pensftersix
monthsA significantelationshipetweesurvivabndtheproportioroftheareaundeithe
T, peakatthetimeof seawateentrywasfound.Thisis explainedn Figures3 and4. The
[I)_roportiomf the T, peak percentl, peakWwasdeterminedby dividingtheareaunderthe

,peakorthegroumffishenteringeawatesre®, Figur&!bytheareaindetheT, peak
forthe%r/oupemammg\freshwatearea\ xared, Figura! A plobftheprecentfthe
T, peakversugpercenturvivalof fish aftersix monthsin seawatenet-penss shownin
Figure4. This analysisimpliesthat a greaterproportion of fish will survivein seawatemet-
pensf theyaretransferretb seawatarearthe completioof thefreshwaterycleof
plasma T, concentration.

Thepatternsf changen plasmajyrc_)iohormoneoncentration':so-agJ ndyearling
cohsalmom freshwatgegreshownn Figuré.Theravergpeakefplasmd, concentra-

FE8 MAR  APRIL  NIAY  JUNE

Figures, AnalysisfEatternsfchangefplasma', concentratioredyearlingohosalmomemainingn fresh-

waterandthosdransferretb seawatef,heintegratedresunderthe T, curveof fishenteringea-

water Al wasdivided by the aresunderthe curvefor fish remainingin freshwater Ae 3!, This calcola-
tionresultedna proportiaf theT, curve AlIA+B!designatett T, peak."
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Figure 5, Change in plasma thyroid hormones of coho salmon during the first '1978! and second 979! year of
development in freshwater. Arrows indicate the time of transfer of groups of fish to seawater net-pens,

tion in both age groups. However, the yearlings had aT, peak which was greater in
magnitude and occurred earlier in the spring. PlasmaT, levels were elevated during early
summer in both groups of fish, The percentages of surviving and smolted fish in seawater
net-pens asof November of 1978[0-age fish! and November of 1979 yearling fish! are shown
in Table 1. The percent survival, percent smolt, and percent surviving smolts of the groups
entering seawater showed progressive increases during the time of the cycle of plasma T4in
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Tabild. Comparisoof seawateperformancef groupof 0-ageandyearlingcoho. Pr<!portionl surviving
and smoltedfish yvedeterminedin Novemberof the year of transf!!r.

Entry Group I ntry t!sto %>Survival Al '% Smolt B! s6 Surviving Smells A x B!
1978 Zero Age
5/16 16 12 - 2
5/31 13 15 i
6/14 19 32
6/27 29 36 11
7111 42 33 '14
7125 35 28 B
8/6 14 33
8/Z2Z 12 6
1979 Yearling
3/19 31 87 27
4/2 22 73 16
4/16 34 64 29
4/30 37 96 33
5/14 41 91 37
5/29 36 84 32
6/11 42 89 37
7/1ZB 57 85 46
8/Ztt 57 84 48
100
80
o 60
~r
40
20
10 20 30 40 30
Survivlss smolt

Figure 6. Relationship between percent I; peak and percent surviving smolt as of November 1979.

fish in freshwater entry groups2 through5!. An analysisof the percentof the T4peak area
under the curve! versusseawaterperformanceof thesegroupsof fish is shownin Figure®6.
This relationshipimplies that fish entering seawatemearthe completionof the T4cyclein
freshwaterwill show better long-term survival smoltsof the 0-agefish transferredto sea-
water showed progressive increases through the first five entry groups Table 1!. This in-
creasecorresponddo thetime of elevatedplasmar, levelsin fish in freshwater Figure 5!.A
comparison of the proportion of the area under the T, peak at the time of seawater entry and
percent surviving smolts is shown in Figure 7. This relationship implies that 0-age fish
transferredto seawaternearthe end of the time of elevatedplasmaT, in freshwatershow
maximal seawater performance,

Analysis of plasma thyroid hormone concentrations in yearling chinook salmon On-
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Figure 7. Relatinnship between percent T, peak and percent surviving smolt as of November 1979.
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Figure 8. Pattern of change in plasmathyroid hormone concentration of chinook salmon during emoltit'ication in
fresh w ster.

corhynchus tshowytscho! and anadromous steelhead trout Salmo goirdneri! also showed
seasonal cycles during smoltification Figure 8and 9!, This opens the possibility that such
analyses may be useful for understanding the biology of smoltification of other salmonid
fishes.

Discussion

The cycle of thyroid hormones during smoltification of coho salmon is a consistent, quan-
tifiable phenomenon.Presumably the elevatedlevelsof T, and T, function to accelerate
physiologic changes associated with the parr-smolt transformation. Premature transfer of
fish from fresh- to seawater during the early stages of the thyroid hormone cycle causes a
reduction in the plasma concentration of T4. The depressed plasma T4 of fish in seawater
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freehwater,

maybedueto loweredsecretionof the hortnone.Milne and Leatherland980! haverecently
presented evidence that the thyroid is lesssensittve to thyroid stimulating hormone TSH! in
coho salmon in seawater. Furthermore, premature transfer of salmon to seawater causes
stunting of growth associatedvith depressedhyroid activity Clarkeand Nagahama1977!.
Thus, the accumulated evidence suggeststhat the cycle of thyroid hormones in fish in fresh-
water playsan important role in determiningthe readinessof fish for seawaterentry,

The cyclesof T4and T, during the spring and early summerof both 0-ageand yearling
cohoindicate that theseeventsare seasonabccurrenceshappeningeveryyearregardlessof
the ageor sizeof the fish. The relationship betweenseawatersurvival and time of entry in
relation to the T, peak in yearling fish reared at the Northwest and Alaska Fisheries Center is
similar to that observed for yearlings from the Columbia River hatcheries. The correlation of
survivalandthe T, cycleof 0-agefish suggestshatthe physiologicalchangespreparatoryfor
seawaterentry in this group occur by a mechanisnwhich is different thanthat of yearlings.
It maybethat 0-agefish require a longertime of exposureto thyroid hormonefor sufficient
developmentfor entry into seawater Accordingly, their seawateperformancewould beop-
timal during early summerafter they had experiencedelevationsof both plasmaT4and T,
concentration. The subsequent springtime elevation of T, in yearlings might then be suffi-
cient for smoltification of the greatest proportion of the population. The seawater survival of
0-agefish in this study wasgenerallypoor. This is similar to the findings of Harache,et al.
980!. The poor perfortnance may have been due to genetic factors since the stock used in
this study Toutle]had not beense!ectedfor 0-agematuration and were smallerthan 0-age
fish used in some aquaculture programs.

These results suggestthat analysis of plasma thyroid hormone concentrations in salmon in
freshwater may be a useful indication of the extent of srnoltification and readiness for
seawater entry. Additional confirmatory studies are presently underway. At this time these
findings may be applicable only for net-pen culture operations in which fish are transferred
directly to seawaterMany of the fish releasedrom ColumbiaRiver hatcheriesrequire 15to
30 daysto migrate to the estuary.We do not know how migration of fish may affect their
plasmaconcentrationof thyroid hormonesor whetherthis might influence seawaterperfor-
martce.
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Sexual Maturation of Coho Salmon Oncorhynchus kisufch!:
Accelerated Ovulation and Circulating Steroid Hormone and
lon Levels of Salmon in Freshwater and Seawater
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Oregon Cooperative FISheryReSearChJnit, OregOn State University, CorValliS,OregOn,
*Present address: Deportment of Zooilogy, University of Washington, Seattle, Washingtonl

Summary

Cohosalmon Oncorhynchuskisutch! mature and spawn naturally in freshwater,We in-
vestigatedhe feasibilityof artificially inducingovulationof coho salmonretainedin
seawaterduring the spawning seasorand comparedinduced ovulation of coho salmonin
seawaterand in freshwater. Partly purified or purified salmongonadotropinfollowed by
luteinizing hormone-releasingpormoneanalogue andwhole chum salmonpituitary extracts
were effective inducers of ovulation in salmon held in freshwater, and to a lesser extent in
those held in seawater. Circulating levels of estradiol-17', thyroxine, androgens, pro-
gesteronesodiunandosmolalityveremeasuredoncomitanvith determinationfoocyte
maturation in coho salmon held in freshwater and seawater during the spawning season,
During the early stagesof final gonadalmaturation, sodiumlevelsand osmolality of fish in
seawater increased substantially, which suggested osmoregulatory difficulties. Also, there
was a highermortality rate of fish held in seawater.The circulating levelsof all hormones
measured differed between coho salmon in freshwater and those in seawater. We concluded
that reproductive function is compromised in salmon retained in seawater due to
osmoregulatofactorswhichstronglyinfluencedhematurationgprocessesf thesdish,
and to high mortalities before ovulation.

Intraduction

Reproductivecontrol would be valuablein enhancingthe propagationof Pacific salmon.
Improper timing of spawningof the fish, reproductive failure, and prespawningmortality
havebeenproblemsin hatcheries.Therefore,the developmenibf techniquesfor accelerated
spawningof salmonin hatcherieswould be valuable.

Coho salmon, under normal circumstances, spend two years at sea and then enter
freshwaterstreamsfrom the oceanin the fall to spawn,Upon entranceinto freshwater,the
salmon undergo their final stagesof sexual maturation. The final maturation stagesof
salmon are considered to consist of two distinct processes: maturation and ovulation.
Jalabert976! defined oocyte maturation as, "those biochemicalchangesoccurring at the
completion of vitellogenesis."Ovulation is defined as"the releaseof the oocytefrom the
follicle.” Not only do the salmon undergo their final maturation upon entrance into
freshwater,but they experiencemanyothermorphologicaland physiologicalchangessome
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of which may influence or interact with the maturational and ovulatory processe®f salmon
[Woodhead, 1975]. Coho sailmonthat had returned to Weyerhaeuser's Ore Agua facilities in
Newport, Oregon, were retained in seawaterduring final maturation and ovulation and did
not enter freshwaterin this final phase.Those salmonthat were held in seawaterat the Ore
Aqua facilities during the spawningseasonapparently developedosmoregulatoryproblems
[Sower, 1980] and characteristicafly had high mortalities and low survival of the eggs. During
1977, 1978, and 1979 lessthan 35 percent, 68 percent and 40 percent, respectively,of the
femaleswere spawned;mostof the fish died before ovulating. Thus, the biologicalproblems
facedby salmonretainedin seawaterduring final maturationand ovulationare sizable.Con-
sequently,one of the objectivesof this study was to determinewhether hormoneadministra-
tion to adult fernale coho salmon returning to seawater facilities enhanced maturation and
ovulation, and to compare ovulationinduced in salmonheld in freshwaterwith that in fish
held in seawater. To further aid in understanding the interrelationship between maturation
and osmoregulatory processesof fish, serum sodium, osmolality and thyroxine were
measuredin fishin freshwaterand seawaterduring the spawningseasonAnother objective
wasto describethe hormonal changesof cohosalmonand relate their reproductivedevelop-
mentin seawaterto that in freshwaterduring final maturation and ovulation.

Materials  and Methods

Hormone Induced Ovulation

On 28 September1979, 70 female coho salmon averageweight 2,5 kg! were netted from
seawaterracewaysat Newport, anesthetized[2 phenoxyethanolat 0.5 ml/I!, taggedwith Floy
tagsattheoperculumwotagsperfish]weighedotheneares0.1kg,andplacedntoa 4rn
circular seawater tank. On 1 October, 70 more female coho salmon were netted and
transportedn seawatetarrksrom Newportto Weyerhaeuserdeffersomiacility,located
one hour north of Corvallis, Oregon. They were anesthetizedas above while still on the
transporttruck at Jeffersontagged,and slid down a tube into a swimming pool 15 m long
containing freshwater. The salmon held in seawater or freshwater were injected on 15
Octoberand 16 October, respectively,as follows:

No. of fish First Injection mg/kg fish! Second Injection mg/kg fish!
Sw FW Day O Day 3
97 Control no injection! Control no injection!
10 8 Control saline! Control saline!
10 11 SG-G100' 1! LH-RH2 [0.062!
12 10 GTH 2] LH-RH  [0.062]
22 19 PIT4 [10! PIT O

'SG-G100, partly purified coho salmon gonadotropin,

'LH-RH, luteinizing hormone-releasinghormone analogue[D-Ala’, desGly" LH-RH ethyl
amide!,

'GTH, purified chum salmongonadotropin.

'PIT, whole churn salmon pituitary preparation.

The fish from each of the freshwaterand seawatertreatment groupswere checkedtwice
weeldy for maturity. At the time of ovulation, serumsamplesand a subsampleof eggswere
taken from each fish. Eggswere fertilized by at leasttwo males, and reared to determine

percentagesurvival.
The temperatureand salinity of seawaterat Newport in 1979rangedbetween9'C and 15'C
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and30partsperthousandptbnd32ppt.Thetemperature of freshwateat Jefferson
averaged 14'C.

Plasma Hormone  Concentrations

Everywoweek$rom14Septemb&B®7% 5 Decembg®7%enfemaleohcsalmon,
fram fish heldin either seawateor Freshwatewerekilledandsampletbr serumand
oocyte3.hesgroupsvereconsiderdtieearlyentrygroupsComparatidataverealso
collectedromgroupseturningnthemiddles Septemb&B7%ndate5 October 1979]
partoftheispawningun.Thedataframtheniddlandate entrygroupseresimilar ta
resultobtainedn theearlyentrygroupandwill notbereportechere.Tenmalesverealso
sampledfor serum during these samplingimes. The fish in seawaterwere at
Weyerhaeusét&svpotfiacilitywhiléhe fishin freshwatevereatWeyerhaeusadesfer-
son facility.

The blc))/od collectedwasheld on ice for 30 minutes, centrifuged,the serumdrawn aff, and
dividedintotwa sampleblalfoftheserumvas _frozenat-20'Quntilanalyzedfor estradiol-
17ppragesteraradragenandthyroxinel heothehalfoftheserunwaskeptonice
andanalyzedor sodiumandosmolalitithe sameadaytheyweresampledSamplesf eggs
Fromthe fishwere fixed in Stockard'fixingagentand analyzedmmediatelyvith an un-
aideceyeorwithina couple of daysinder dissectingcroscopEhegonadasomatic in-
dexwas determinedFareachfemalesalmonCirculatingstradiol-17'progesterontyrax-
ine,andandrogenseraleterminety radioimmunoass@gpwe, 9805 erurmodium
andosrnalalityveredeterminday/flamespectrophotometeandosmometergspectively.

Statistics

Dataforhormonecancentratianaereanalyzellya studemiewman-Keulstestwhich
wasusedorcomputintpesignificanaef differencdersamplesf unequadize$ollow-
ing preliminargnalysisf variancel heaccumulatiygercentagevulatiomlatawere
analyzetly a 2x2contingendgablefollowedy theBanferornapproach Neterand
Wasserman1974!.In all tests,the level of significancevasP .05!.

Results

Hormone, Induced Ovulation L. L.

Nosignificardifferencdmetweetieuninjectegindsalinénjectedontrolsveraenoted,
so the datawere combined and all controlswere considereé&s  ane group.At day 17,
significantlynoreexperimentdishin freshwattttan thosen seawatdradovulated
Figurd.!.Infreshwatetdayl7 pvulatiohadsignificantlgccurréa82percentofthe
salmontreatedwith SG-G10plusLH-RH,50 percenbf thosdreatedvith GTH plus
LH-RHand42.2percerdfthosdreateavith  PITcomparedithO percerih control  fish.
In seawatdyy day17 percenavulationgeresignificantlizigherin fishtreatedvith
SG-G10@lus LH-RH 90.9percent!thanin controls0,0  percent!.

Byday 17 theravasnomortalitygf fishheldnfreshwaterand47percemnortalityf fish
heldin seawatemlhe highmortalitgf fishin seawateyccurred concurrentlywith high
mortalityamongOreAqua'droodish Although thefishwerescreenedor pathogens
diseasewas detectedn the fish held in seawaterMortalitief fishheldin freshwater3?2
daysintothe study,weredueto an outbrealof furunculosis.

Plasma Hormone _ Concentrations

Peakpawnitignefor thesalmomasduring and Decemberl97%pproximately
threeweekslater than the previougear. The GSI percentand eggdiameterincreased
througlrinamaturatiowitha fewexceptiondheGSlandeggliameteifish heldin
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Figure 1,  Accumulatipercentag&ulations at days
17 and60 of femalecohosalmorinjectedn
197%vithsalineruninjected control!partly
purified cohosalmongonadotropin S~100!
plusluteinizinghormone-releasihgrmone
analogue LH-RH!. or whole chum salmon
pituitary PIT!, Openbarsrepresenffish held

KLIJ in freshwater FW! and hatchedbars repre-

C lii sentfish held in seawaterSW!,

n.

ol

CoNEROLSKi 0 GEH iiT
LH-RH LH-RH

freshwateishowedgreaterincreasesomparedo the GSland eggdiameterof fish in
seawater.

In mostcasedherewasincompleteovulationin fishin seawaterJn someinstances half of
the eggan oneskein ovary'wereoverripe semitransparentjhile the eggsn the other
ovanhadnotyetovulate@utappearetaturedyerminalesicléreakdowr@verripe
eggsarethosethatareheldin the bodycavityfor anextendegberiodafterovulation.

Fishenteretheseawatéacilityin Newporfromtheoceaon17Septemb&B790n9
October1979 both maleand fernalecohosalmonin seawatehad significantlyhigher
sodiunfevelshanthosef maleandfemalfeshin seawatem?2 October979Figured
and 3!. Thosevaluesfrom 2 Octoberl979are consideredthe normal valuesseenin salmon
from seawater.

Thesodiumevelsandosmolalityfor malesalmorwereslightlyhigherthanthelevelsor
femal@-salmbaldin eitherfreshwateor seawaterFigure2 and3!. Sodiumevelsand
osmolalityincreasedsignificantlyin salmonheld in seawaterduring the first part of
OctobeMortalitiesverebeginnintp increasatthistimeandremainebdighatterthis
period. Osmolality and sodium levels varied little in female or male salmon held in
freshwater.

The serum concentrationsof estradiol-17' in female coho salmon showed an overall
decreastomthetimetheyenteredheseawateiacilityto thetimeof ovulatiorregardless
of whethertheywereheld in freshwateor seawaterFigure4!. Howeverthe levelsof
estradiol-27ndedto fluctuateduringoocytematurationEstradiol-17#evelsin female
cohaosalmorin seawateturingtheearlystagesf oocytenaturatioweresignificantly
higher.38i 0.525Eng/rnitharievels salmom freshwate©6~0,55g/ml'Figurd!.
At ovulation, estradiol-17gevelswere significantly lower in the femaleswhich wereheldin
seawaterthan thosefrom fish in freshwater Figure 4!. Serumestradiol-174evelsin males
were lower than in femalesand were not significantly different in either freshwater or
seawater groups throughout the sampling period.
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Figurd, MeaserusodiunNa! megfibsmolalism! mOskgcentrationfematehsalmon
heldin seawate®W!or freshwateFW!duringthefinalmaturationof the spawningeasdnom 15
Septemben 5 Decembet979.

Progesterdeselsfbotimaleandiemaleis freshwateverdowandcovarieditha
rangé&otn0.260,0300.720.2hg/mlFiguré! Aswiththeestradiol-1&elgyro-
gesterolevelduringheearlystagesf finalmaturationfemalandmnalesalmoim
seawatavereelevatedomparetb thoseof salmomn freshwateAt spermiatioand
ovulationprogesterorievelsverehigherin maleandfemaleeohasalmonn seawatezom-

aredto salmonin freshwater Figure 5!. ) ) )
P yroxinevels serunof malesalmowerehighetharthosén femalia bath
seawateandfreshwaterFigure8!.In thefinal stage®f maturationthyroxineevelswere
significantlyighem malesalmom freshwat@ompargdthoséoundn femalsalmon
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Figurd. Mea eSEl 5 dih dfemdecohsalmoheldin seawate8Wor
f ; L g o\ nirsgasdnotril5Septemtbeb December

Figur&é. Mearserunprogesteromg/mlevelsor maleandfemaleohsalmoheldn seawate®Wbr
freshwateFWUduringthefinalmaturationfthespawningeasofrom15Septembén5 December

1979,

in freshwateFigur®! Serunthyroxinéevelslecreaséaroughotihespawningeason
in bothmaleandfernaleeohosalmonn freshwaterfFigures]. At ovulationthyroxindevels
werehigherin female$n seawatecomparedo thoseof femalesn freshwaterSimilarly,
thyroxinelevelsweresignificantlyhigherin tnalecohosalmorat spermiationn seawater
than those of salmon in freshwater.

During the latter stageof final maturation, androgenlevelsin male salmonin freshwater
weresignificantly higherthan thoseof malesalmonin seawater Figure 7!. Prior to ovulation
and spermiation,androgenlevelsin both malesand femalesin freshwaterincreasedcorn-
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Figur®. Meanserunthyroxtnievelsng/mlijor maleandfemale&ohasalmon heldin seawateBWijor
freshwater=W!during the spawningeasofrom 15 Septemben 5 Decembet979.
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Figure7. Mean serumandrogen levels ng/ml!for male and femalecohosalmonrheldin seawater SWJor
freshwateWJduringthe spawningeasofrom 15Septemben 5 December 1979.

pared to no elevation in thosein males and femalesin seawater.Greater variation of
androgenlevelsoccurredin femalecomparedto male salmon Figure 7].

Discussion

Compoundghat were effectiveinducersof ovulationin cohosalmonin freshwater,andto
alesser extent in seawater, were SG-G100 plus LH-RH, GTH plus LH-RH, and PIT.
Presumablypvarianresponsivenestthe administeredhormonesis mediatedat somelevel
of the hypothalamic-pitttitarygonadalaxis Bretonand Weil, 1973;lalab'art, 1978;falabert, et
al., 1978; Peter, 1980!. This response of the ovary to the hormones is dependent on the
maturational stageof the femaleand on the dosageof hormone employed.
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SG-G'100plus LH-RH, GTH plus LH-RH, and two injections of PIT induced ovulation at
leastsix weeksearlier than the normal peakspawningtime, It is evidentthat priming with
gonadotropin or pituitary extracts is necessaryfor this ovulatory response,particularly
when hormones are given more than six weeks from natural spawning. Donaldson, et al.
[1979] demonstrated that treatment with LH-RH alone in coho salmon was less effective than
treatment after the fish had been given a priming dose of chinook salmon SG-G100.

Hormonal treatments were lesseffective, or sometimes ineffective in inducing ovulation in
salmon in seawater. Responsesta treatment of the fish in seawater were reduced due to the
high mortalities prior ta ovulation, inhibiting factors associated with fish maturing in
seawater or osmoregulatory difficulties. Normally, salmon undergo a change in osmotic en-
vironment when they enter freshwater from the ocean during final migration. We showed
sodiumand osmolalityconcentrationsin fish in seawatehad increasedsubstantiallyduring
the early stagesof final gonadalmaturation. This is highly suggestivehat osmoregulatory
difficulties may have been the basis for the high adult mortality which was observed in fish
held in seawater. There appears to be strong interrelationships of asmoregulatory and
reproductive factors of female coho salmon remaining in seawater to spawn. For example,
hormone profiles of estradiol-17/, thyraxine, andragens and pragesterane differed between
cohosalmonin freshwaterversusthosein seawater.Thesedifferent profiles of hormonesof
maturing salmon in seawater coincided with collapsed or dehydrated eggs,ovaries that were
not completely ovulated and low egg survival. Some of these abnormalities may have been
the result of incomplete oocyte maturation due to anion imbalance in the egg Sower, 1980!.
Therefore,asmoregulatoryfactors may inhibit or antagonizethe reproductive process.The
responseof the ovary may alsobe desensitizedby the hypersalineenvironment, Thus, if the
returning salmon are prevented entry into freshwater as is normal, the endocrine system
may not be able to response properly,

In summary, SG-G100 plus LH-RH, GTH plus LH-RH, and PIT in that order were effective
far accelerating ovulation of coho salmon in Freshwaterand somewhat effective in salmon in
seawater. Ovarian responsesto the treatments of fish retained in seawater were reduced due
to osrnoregulatary difficulties or high adult mortality. It is apparent from the differences in
hormone profiles, dehydrated eggs, small amounts of setninal fluid, incomplete ovulation,
low egg survival and high adult mortality of salmon which are retained in seawater during
the spawningseasonthat the reproductivefunction wascompromised Although functions
of the various hormonesin this study have not beenclearly establishedit is probablethat
someof them are activein reproduction. As statedearlier, the responseof the ovary maybe
desensitizedby the hypersalineenvironmentwhich was indicated by generallyhigher cir-
culating levels of hormones of salmon in seawater, Accelerated ovulation of coho salmon in
seawater requires further research. However, in freshwater, hormones can be effective in
enhancingearly ovulation in coho salmonand thus overcomeproblemssuchasprespawn-
ing mortality.
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Data Sources

In this reportthe datarelating to watertemperature period of spawningmigration, growth
rate and maturity condition of sockeyesalmonwere obtainedfrom existing materials,

Water Temperature

The meanseasurfacewatertemperaturesn the central and southeasterrBering Seaarea
north of 60'N and eastof 180!, inhabited by Bristol Bay sockeyesalmonfrom early June
through early July, have been reported for the eight years between 1965 and 1972
Nishiyama,1977!In this study,the rate of temperatureincreaseper eachten-dayperiod in
June has been calculated.

Peak Return Date

The period of spawningmigration, daily catch,and escapementlata of sockeyesalmonin
the Kvichak River from 1965through 1972have been compiled by Pennoyerand Seibel
966!, Pennoyer 967!, McCurdy and Pennoyer ['1968], McCurdy and Paulus 972!, Paulus
and Nelson 972a and b!, McCurdy and Schroeder 972!, and Krasnowskiand Randall
975!. Thedatethe maximumreturn wascountedis referredto asthe peakreturn date.The
peakreturndateis assumetb representhetiming of spawningnigratiorof a giveryear.

Growth Rate and Maturity Condition

Thedailygrowthandgonadatievelopmentatesfor the 2.2agesockeysalmorpopula-
tion in the centraland southwesterrBering Seain Juneandearly Julyhavebeengivenbythe
author975 and1977'Thetnearbody somaticiveightmeargonadveightandmaturity
index the meanpercentof gonadweightto bodyweight!'havebeenrecorded.Therateof in-

creaseof the maturity index per ten-dayperiod in mid-Juneto early Julyis calculatedbased
on these data.

Results

Water Temperature Condition

The meanseawatesurfaceemperaturén the centraland southeasterBeringSeais
givenfor eachten-dayperiod of Juneand early July Table1!. Throughoutthe eightyearsthe
mean water temperature varied between 3.95' and 8.49aC,showing a tendency to increase as
the seasonadvanced.The averagemeanwater temperaturein Juneis 5,4'C.Basedon the
criteriaof theaveragwatertemperatureheyearof 1965197-and1972vereregardeds
cold water years,whereasthe yearsof 1967and 1969were warm water years.The warmest
temperatures were recorded in 1967 while the coldest occurred in 1972.

Tablel. Surfacemeanwatertemperaturdan the centralandsoutheasteriBeringSea,Thefiguresin parentheses
indicate the number of measurements. Date from Nishiyama. 1977,!

June July
Year Early Middle Late Mean Early
1965 4.62 2] 5.18 5! 4.62[28! 4,81
1966 5,16 9! 5.40 3! 6.20[11! 5.59
1967 5,68 3] 6,05 6! S.49[1S! 6,74
1968 5,09 8! 5.38 2! 6.25 3! 5.57
1969 5.27 D] 5.87 7! 6,89 6! 6,01 8.36 2!
1970 5.14 7] 578 7! 6,06 87! 5.66 6.55 2!
2971 4.58 3] 4,41 3! 4.78 6! 4.59 5.237!
1972 4.1D 4! 3.95 7! 4,72 6! 4.26 5.36 9!
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Figure 1 presents the relationship between the mean water temperature of June and the
rate of telnperatureincreaseper eachten-dayperiod in June.The rate of temperaturein-
crease varied considerably by year, but was found to be positively correlated to the mean
water temperatureof June.The relationshipsare expressedy a straightline and the regres-
sion is statistically significant at the 95 percent level F = 24.2,0.025 P  0.05!, This in-
dicates that the water temperature rose faster in the warm water yearsthan in the cold water

years.

!(' 10 Figure 1. Relation between mean surface water
~C temperature and rate of temperature increase
D per ten-day period in June, 1965to 1972,
05
LI
w

5 6
WATEREMPERATURE,

Peak Return Date of Sockeye Salmon in the Kvichak River

The daily return of sockeyesalmonto the Kvichak River is illustrated in Figure 2. The
beginning and the end of migration fluctuated from year to year. The earliest return
occurredon 20 Junein 1965and 1967,and the latestwas recordedon 1 Julyin 1971.The
return endedon 24 Julyin 1972 while it continueduntil 7 Augustin 1970.

The annualfluctuation of the peakreturn dateis obvious.The peakreturn wasobservedn
1 Julyin 1967and on 11Julyin 1971 with a differenceof tendays, Thereis no apparentrela-
tionship between the peak return date and the total escapement.

Figure 2. Duration of return of sockeye salmon to the
Kvichak River. The daily return is given in
percentage frequency. Small arrows indicate the
date of beginning left! and the end right! of
ascending migration. Large arrows indicate the
peak return date.
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Growth Rateand Maturity Condition

Table 2 presentsthe meanbody weight and gonadweight of the 2.2 agesockeyesalmon
taken from the study area, The mean body weight varied from 1,817to 2,157 g in females and
from 2,060to 2,511 g in males. Figure 3 showsthat the mean body weight is inversely related
to thetotal 2.2agepopulationsize, The relationshipscan befitted to exponentialcurveswith
a highstatisticalsignificanceatthe 95percentlevel femaleF = 22.5,0.025 P < 0.05:male
F= 126,001 P 0.025.

The meangonadweight rangedbetween73and 128g in femalesand 32and 83g in males
Table 2!. The maturity index ranged frotn 2.12to 5.81in females and from 1.11to 3.10in
males Table 3!. No apparentrelationship was found betweenthe total 2.2 age population
size and mean gonad weight and maturity index.

Table 4 represents the growth rate and gonadal development rate. It is evident that annual

Table 2. Mean body weight and mean gonad weight of 2.2 age sockeye salmon in the central and southeastern
Bering Seain June.The numberof sampleds givenin parenthesesDatafrom Nishiyame,1975and

1977.!
Body weight g! Gonad weight ¢!

Year Female Maie Female Male
1965 1,817 9! 2.060 80! 90 9! 49 19!
1966 2,054 7! 2.329 5! 83 05! 60 '1!

1967 2,171 24! 2.450 46! 92 30! 32 36!
1968 2.157 30] 2,459 71! 79 29! 68 88!
1969 2,066 39] 2,313 02! 128 70] 83 01!
1970 1,977 85] 2,264 34! 84 98! 50 46!
1971. 2,033 15! 2,269 17! 101'15! 46 12!
1972 2,141 68] 2,511 37! 73 68! 33 35!

X Figure 3. Relation between population size and
mean body weight in 2.2 age sockeye
salmon.
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Table 3. Maturity index of 2,2 age sockeye salmon in the central and southeastern Bering Sea. Data from
Nishiyama, 1975.!

Female Male
Year Mid-June Late June Early July Mid-June Late June Early July
1965 4.52 5.5D 2.08 2.83
1966 3.67 4.69 5.03 2.32
1967 4.01 4.47 4.15 1.66 2.21 2,32
1968 3.51 4.08 4.69 1,84 2.09 1.94
1969 4.56 5.81 5.52 2.52 3.10 2.76
1970 4.31 3.94 4.58 2,20 2,13 2.56
1971 2,12 3.96 4.13 1,48 1,81 2.10
1972 3.25 3.8D 4.25 1.11 1.74 1.84

Table 4, Daily growth rate and gonadal development rate of 2.2 age sorkeye salmon in the central and
southeastern Bering Seain June. Data from Nishiyama, 1977.1

Growth rate Gonadal development rate
Year> Fernale Male Female Male
1965 D.520 0,062 131 3.89
1967 1.008 1.024 1.40 271
1968 0.1S9 0.665 1.89 0,82
'1969 0,190 0.239 -0.74 -2,02
1970 0,397 0.425 IL16 0.86
1971 0.407 0.518 -1,99 0.05
1972 -0.091 0.046 '1,52 3.11

''ne data in 1966 were unavailal>le due to insufficient sample size.

fluctuatio occurred in both growth and gonadal development rates. The reasons for the
negative values have not yet been examined. There are no apparent relationships between
the total 2.2 age population size and growth rate, though the growth rate tended to decrease
with an increase in population size Figure 4!. Likewise, 8 relationship was not found be-
tween the total 2.2 age population size and the gonadal development rate.

Figured4, Relationbetweenpopulationsizeand growth
rate in 2.2 age sockeye salmon.

010 20 30 40 so 60
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It is evident that the gonadal development rate is negatively related to the mean gonad
weight Figure5!. Therelation showsthatthe smallerthe meangonadweight,the greaterthe
gonadal development rate. Logarithmic regression is well fitted to the setof these data, and is
significant at the 90 percent level female F = 4.5,0.05< P<0.1: maleF= 6.0,0.05< P <
0.1!. This may suggestthat the maturation processesare active in the small gonads.No
apparent relationship was found between the gonadal development rate and the daily growth
rate.

These results indicate that the mean fish size is dependent on the population size, but the
growth and gonadal development rates are irrespective of the population size. The gonadal
developlnent rate seelnsto be a function of the gonad weight.

o Figure5. Relation between mean gonad weight and
gonadal development rate in 2.2 age sockeye
salmon,
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Relation of Peak Return Date to Water Temperature, Growth Rate, and Maturity Condition

The peak return date of sockeye sallnon to the Kvichak River is plotted against the Incan
water temperatures Figure 6!. Obviously, there are inverse relationships between the peak
return date and the water temperatures. The relationships are expressed by negative linear
regression lines. The regression is highly significant at the 95 percent level for early June F
=6.1, 0.025< P <0.05!, late June F =18.3, 0.005 < P <0.01! and mean Junetemperature
F = 104, 0.01 < P <0.025!, while it is not significant at the 90 percent level for mid-June F
=3.6,0.1 < P <0.25!. Figure 7 demonstratesthe relationship between the peak return date
and the rate of temperature increase per each ten-day period in June. This regression is
highly significant at the 95 percent level F =24.5,0.025 < P < 0.05!, These results indicate
that sockeye salmon returned earlier during the warm water tetnperatures of June with a
higher temperature increase rate than in cold water temperatures.

Figure 6 shows that there are inverse relationships between the growth rate and the peak
return date, Apparently, the higher the growth rate, the earlier the return occurred. The
linear regression curves are well fitted to these data. The regression is statistically significant
at the 90 percent level female F= 5.4, 0.05 < P <0.1; Inale F= 6.1, 0.05 < P <0.1!. This
result suggests that the peak return date depends on the growth rate ot' sockeye salmon in the
ocean.
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Relation between the rate of temperature in-
creaseper tenday periodin June and peak return
date of sockeyesalmonin the Kvichak  River.
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Relationbetweengrowth rate of 2.2 agesockeye
salmonin Juneand peak return date of sockeye
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The peakreturn date exhibited a closerelation to the rate of maturity index increaseper
each ten-day period in June Figure 9l. The peak return date occurred earlier in the years
with a high increase rate of maturity index. The linear regression lines are fitted to these rela-
tions, and the regressionis statistically significant at the 95 percentlevel for females F =
12.9,0,01 < P <0,025! and at the 90 percent level for males F 4.5,0.1 < P <0.25!. The
resultsimply thatthe maturity condition is associatedvith the timing of spawningmigration
of sockeye salmon.

12

Figure 9.  Relation betweenrate of increaseof maturity
I~ index per ten-dayperiod in rniddle Juneto early

ID July in 2.2 age sockeye salmon and peak return
X 120 04 12 date of sockeye salmon in the Kvichak River.
tu
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Relation of Water Temperature to Growth Rate and Maturity Condition

The relationshipsbetweenthe meanwater temperatureof Juneand the daily growth rate
of sockeye salmon are shown in Figure 10, The growth rate increased steadily with an in-
crease in water temperature. The linear regression is statistically significant at the 90 per-
centlevel femalesF = 4.7,0.05< P < 0.1: malesF = 5.1,0.05< P < 0.1]. Similarly, the
growth rate is found to be related to the rate of temperature increase per ten-day period in
June Figure 11!.The regressionis highly significant at the 95percentlevelin females F =
7,6,0,025 < P <0.05! and at the 90 percent level in males F =5.3, 0.05< P <0.1l. These
resultsindicate that the growth rate of sockeyesalmonin the oceanis regulatedby the water
temperature and the rate of temperature increases in June. It appearsthat in the warm water
years,the growth of sockeyesalmonis more acceleratedhan in the cold water years.

There are positive relationships between the water temperature of mid-June and the
maturity index Figure 12l. The linear regression is significant at the 90 percent level in
females F =3.8, 0.05 < P <0.1! and the 95 percent level in males F  6.61,0.025< P <
0.05!. The mean water temperature of June appearsto be inversely related to the rate of in-
creaseof the maturity index Figure 13!. The linear regressionis statistically significant at
the 95percentlevelin males F = 20.0,0.01< P < 0.025!,butis not significant atthe 90 per-
centlevelin females; F = 3,7,0.1< P < 0.25!, Theserelationshipsindicate that the rate of
increase of the maturity index is greater in the cold water years. There ie a smaller maturity
index in the warm water years.
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FigurelO. Relatioletweemearwatetemperaturef
June and growthrate of 2.2 age sockeye
salmon,
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Figure 11. Relatioetweemateoftemperaturicrease
perten-dayperiod in Juneand growth rate of
2.2agesockeyesalmonin June.
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Conclusion

The resultsof the presentanalysesshow that there exist interrelationshipsamongwater
temperature timing of spawningmigration, growth rate,and maturity condition of sockeye
salmon.The peakreturn date exhibits an inverse correlation to the seawatertemperature
andthe increasedrate of temperaturein June.lt is certain that sockeyesalmonreturnedto
the river earlier in the wartn water years than in the cold water years. The results have also
revealedthat the growth rate and maturity condition of sockeyesalmonin the oceanare
closelyrelatedto the peakreturn date. Sockeyesalmonascendedearlier in the yearswith
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Relation between mean water temperature  of
middle June end maturity index of 2.2 age
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Relation between mean water temperature of
June and rate of increase of maturity index
per ten-dayperiod in middle Juneto early
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highgrowthrateandhighmaturityconditiorthanin theyearswith lowgrowthrateandlow
maturity condition. This phenomenorieadsto the assumptiornthat the seawateitemperature
isinvolvedn determininghetimingof spawningnigrationasa resulbfitsinfluenceupon
growthandmaturationTheanalyseshowthattheseawateiemperaturefJundaspositive-
ly correlatedo growthrateandmaturitycondition.Thegrowthrateandmaturitycondition
werehigherin thewarmwateryearghanin the cold wateryears Thissuggestthatthe
seawatertemperatureof Juneregulatesthe growth rate and maturity condition of sockeye
salmonin the oceanprior to ascendingtnigration. There should be a causalsequencebe-
tween water temperatureand biological processof sockeyesalmon.lIt can be simply for-
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mulated that in the first place the seawater temperature regulates the growth rate, then the
growth rate affects the maturity condition, and finally, the maturity condition determines the
timing of spawning migration. However, since there was no strong evidence to demonstrate
the correlation between growth rate and maturity condition in the present analyses, this sim-
ple formulation will not be adequate. Alternatively, it appears that the water temperature

regulates simultaneously the growth and maturation in different ways, and finafly the in-
fluence of water temperature upon the growth and maturation results in the determination
of ascending migration. The influence of growth rate upon maturation process awaits fur-
ther analysis in afuture study.

It should be noted that when the seawater temperature was higher, sockeye salmon
returned earlier, accompanied by a higher growth rate and a higher maturity index, but a
lower maturity increase rate. This suggeststhat sockeye salmon could haveadvanced growth
and gonadal development in the ocean more rapidly in the warm water yearsthan in the cold
water years, instead of a shorter stay in the ocean, This may be ascertained by the positive
correlation between water temperature and maturity index and growth rate. The difference
in growth rate and maturity condition between warm water years and cold water years may
suggestthat there is a difference in food availability caused by water temperature condition.
It is assumed that in the cold water years food availability was lower than in the warm water
years, Thus, sockeye salmon must remain longer in the ocean until necessary organic matter
is obtained for somatic and gonad production.

Fisheries managementand industry in the Kvichak area will benefit from information
which can forecastthe peakreturn date of sockeyesalmon.The peak return date of sockeye
salmonin the Kvichak River Z! will be given by the following multiple linear regressions
basedon the mean water temperature of June T!, the growth rate GR!or the maturity index
MI! of the 2.2 agefish in June:

Female Z=19.88-2.28T-2.08GR r =-0.841!

Male Z=20.03-2.17T-2.98GR r =-0.848!
or

Female Z=13,93-3,47T+ 2.67MI r=-0.970!

Male Z=20.31-4.18T+ 4.39MI r =-0.975!

These equations indicate that the data on the seawater temperature, growth and maturity
condition are useful to predict the peak return date. The accuracy should be improved by
obtaining these kinds of data systematically in the central and southeastern Bering Sea.

Although the relation of water temperature to the maturity condition was analyzed, the
temperature effect upon fecundity of sockeye salmon has not been studied in this paper. The
variation of temperature and maturity condition suggests a positive relation between sea
temperature and fecundity. This must be analyzed in the future.
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Table 1, Composition of basaldiets.

Diets YR-1 YR-5 YR4 Y.10 YY-2 Minerals 3
Casein 52 54 54 57 64.2 NaH,PO,s2H,0 30.805 62
Gelatin 11 12 12 12 13.5 KHaPOa 15
L-Phe 0,6 08 D.6 Ca-lactate 19.74 15
L-Args HC1 13 'l5 15 CaH, PO,J,+H,Q 33
L-Cys 0.7 0.3 0.345 KC1 5.16 10
LTry 0.2 02 0,2 MgSO4~7HsD 10
L-Hiss HCIsHsO 0.2 1.5 1.725 Fe-citrate 1.485 6 7
LLys>HCI 0.6 0.2 0.23 AIC ,46H,0 0.009 0,018 0.015
L-Vel 0.7 07 0.7 ZnS0O,+7H,0 0.1785 0.357 0.300
Pollock liver oil 99 99 9 MnSO,s4-6H,0 0.04 0.08 0.08
Dextrin 88 8"’ 90 CELC1 0,0055 0.011 0.01
Minerals 8" 5" 6el T7s~ Ts~ Kl 0.0085 0.017 0.D15
Vitamins" + a-cellulose 58 73 3 CoCl,s6H,0 0.0525 0.105 0.100
Attract ants 2.7 1" 1" Dextrin 15
a<el u ose 43.D84 21.412 4,48

"n-Starch, "Helver 957!, "DL-Ala. 1,3;LAsp>Na, 1.0;Gly.0,4,*LAsp>Na,
"DL-Ala, 0.3; 1 Asp+Na. 0.3; L-GluvNa, 0.368; 5'-Ribonuc!eotide~Na, 0.032.

Table 2.  Effects of corn oil and pollock liver oil on the growth and feed efficiency of red sea bream and
yellowtail.
Red seabream" Yellowtail*'

Fishes Dietary Lipids Pollock Corn Pollock Corn
No, of fish

at start 23 23 30 30

dead 0 0 4 11
Ave. body wt. g!

at start 22,6*1,1»" 22.6g1.1 13.7g 15 13,6t1,5

at end 43.8t 7.8 29.3>4.1 52,6i 15.2 17,0a3.3
"t-test” Sag s
Gain g! 21.2 6,7 38.9 3.4
Feed efficiency ss! 57.4 23.7 12.7

Diet:" YR-5,* Y-10.Feedingperiod~'45 days,"” 28days," Standard deviation, ~~Signitlcanata 5' level.

Table 3. Effectsof soybean oil and pollock liver oil on the growth and feed efficiency of red seabream.
Dietary Lipids Pollock" Soybean
No. of fish
at start 20 20
dead 3 3
Ave. body wt. g!
at start 41.2t4.5" 4D.(Qa4.2
after 28 days 50.9t 8.2 46,014,7
"t-test” Sts
Gain ¢! 9,7 5.1
Feed efficiency sit! 59.9 39.8
"YR-1, "Standard deviation, 'i Significant at a 5% level.

acidfor a partof the dietary corn oil improvedits nutritive value.SubsequentlyCastelletal.
972a!, concluded that linolenic acid has an essential role in the nutrition of rainbow trout
similar to that assignedto linoleic acid in terrestrial animals. Furthermore, Watanabe, et al.

975!, in carp Cyprinus curpio! and Takeuchi, et al. 980], in eel AnguiHa japonica]
demonstrated that linolenic acid is essential in nutrition. On the other hand, pollock liver oil

scarcelycontainslinoleic andlinolenic acid, whereasit showedremarkablyhigher nutritive
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valuethan soybeanoil rich in linoleic andlinolenic acid for marine fishes[Table4!, From
thesefindings, Yoneand Fujii [1975!presumecdhat the essentialfatty acidsof marine fishes
may be different from thoseof freshwaterfishes,and examinedthe effect of supplementing
linolenic acid to the diet containing corn oil on the growth and feed efficiency of red sea

bream.As shownin Table 5, the growth and feed efficiency of the fish fed linolenic acid
were aspoor evenata 4 percentlevel asthoseof the corn oil diet group andthe fat-freediet
group, and were refnarkablyinferior to those of the pollock liver oil diet group Fujii and
Yone, 1976!.In the study usinglaurate asa main lipid sourceinsteadof corn oil [Fuijii and
Yone, 1976jthe group fed laurate Onlyshowedsignificantly lower growth and feedefficien-
cy thanthoseof the fat-freediet group Table6!. Thelinolenic acid supplementelevatedthe
nutritive value of laurate with the increasing of the dietary levelL However, the growth rate

Table4. Fattyacid compositionof pollockliver oil, corn oil, soybearil, andtallow.
Pollock Corn Soybean Tallow
14:0 5.9 3.1
15:0 0.5 0.9
16:0 11.5 10.5 11.4 25.9
16:1e7 7.6 0,4 4,7
16:0 2,1 2,1 4,2 18.4
16:1u9 13.3 28.6 23,0 37.2
16:2e6 1,2 55.7 54,2 3,0
18:3~6 0.5 1.4 1.3
18:3ca3 tr 0.8 7.5 tr
2D:1~9 20.1
2D:2ca9 0,5
20:3 89 tr
20:3 46 0.5
ZD:4u6 tr
22:1 15.6
20:5~3 10.9
22:4u6 0.6
22:541B tr
22:5u3 1.3
22:6v3 4.3
Tahle5, Rffecioflinolenic acid 8:3 <y3upplement in cornoil dietongrowth endfeedefficiency of red sea
bream.
Dietary lipid 18:3 005 12 4 Pollock
%! corn 985 87 5 YR-1!
No. of fish
at start 25 25 25 25 25 25 25
dead 0 00 00 0
Ave. body wt. g!
at start 20.9 21.0 21.0 20.9 20.8 21.0 21.0
j13 gl.z +1.3 x1.3 t1.3 al3 s1.3
after 64 days 32.0 31.0 30.3 31.5 31.4 30.8 46.1
a2.8 g3.1 t 3.7 r 30 029 az28 94’9.
"t"-test %] NS* NS NS NS NS s
Gain g! 11,0 10.0 9.3 10.B 10.6 9.8 27.1
Rate of feed intake g fed/g B,W./day! 147 118 127 117 122 125 166
Feed efficiency se! 45,7 52.0 45.0 54.8 52.3 47,8 74.8

" Non-significant at a 5%level," Signficant.
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Tables. Effecoflinolenicacidsupplemein lauratedieton growthandfeecefficiencyf redseabream.

Dietary lipid %! peg 8.5 6 Pollock
Laurate 18:3 <e3 0 0.5 3 liver oil"
No, of fish
at start 20 20 20 20 20 20 20
dead 0 1 1 3 5 0 0
Ave. body wt. g!
at start 75 1.3 74 1.2 74 '1,2 74 '1.2 75 1.2 74 1.2 74 1.2
after 45 days 126 2,3 8.1 '1.'7 10,8 2.3 115 25 141 2.6 142 29 23.0 4.8
"t"-test %! SS SS S S
Gain g! 51 0.'7 34 4.1 8.6 6,8 15.6
Rate of feed intake 1.97 1.87 1,95 2.40 2.60 2.24 2.52
Feed efficiency %! 55,7 11.8 40.9 452 57.8 616 88,5

"Fat-free  diet, * Diet YR-t.

andfeedefficiencyoffishfedlinolenicacidata leveupto 1 percenveregreatlyinferiorto
thoseof thefat-freedietgroup Moreovereverthegrowthrateandfeedefficiencyof 2 per-
centand 3 percentlinolenic acid groupswere aspoor asthoseof the fat-freediet group, in
comparisonwith the fish fed pollock liver oil. Takeuchiand Watanabe 977! demonstrated
that elevateddietary lauratelevelsincreasedhe requirementsof rainbowtrout for linolenate
and that the maximum growth and feed efficiency were obtained at a 2 percentlevel of
linolenic acid whenthe dietarylauratelevelwas6 percentFromtheseresults,it canbe con-
cludedthat linoleic and linoleruc acid are not very important per sefor the nutrition of red
sea bream in contrast to terrestrial animals and freshwater fishes.

In an earlier study, Yone,etal., 1971! pollock liver oil showeda high nutritive valuefor
red seabream,which is poor in the M6seriesfatty acidsand linolenic acid, but is rich in ot3
highly unsaturatedfatty acids HUFA! with morethan 20carbonatotns,asshownin Tables3
and4. Hence,Yoneand Fujii 975! supposedhat the essentialfatty acidsof red seabream
maybe HUFA andexafninedhe effectof HUFAonthe growthrateandfeedefficiencyof
redseabreamHUFAwaspreparedromcuttle-fishiverbysaponificatioomethylesterifica-
tion, and concentrationby ureafraction technique,followed by distillation under vacuum.
The HUFA preparationcontained mainly eicosapentaenoic0:5 ts3!and docosahexaenoic
acid 2:6 ut3landwasfreefrom linolenic acid andts6fatty acids.Consequentlythe nutritive
value of corn oil wasretnarkablyimproved by the supplementationof HUFA, and the fish
fed HUFA dietsexhibitedhigh growth andfeedefficiency comparabléeo the pollockliver oil
dietgroup[YoneandFujii, 1975!Furthermoran theexperimentisinghelaurateliet Fuijii
andYone,1976!the growth rate and feedefficiency of fish fedthe HUFA suppletnentediiet
were extremelysuperior to thoseof the linolenic acid supplementediet group, and were
comparableto thoseof the groupsfed the diets containing pollock liver oil and a cotnbina-
tion of corn oil and HUFA. Redseabreamalsoshowedmarkedlylow growth and feedeffi-
ciencybythefeedingfthedietcontainingallowwith a comparativelyighmeltingpoint
andlow levelsof te6andce3atty acids,asshownin Table7.However,the HUFA supplemen-
tation extremelyimprovedthe nutritive value of tallow Yoneand Takahashi,1977!.

From the latter three experitnents, it was verified that HUFA have an essential role in the
nutrition of red seabreatn.Therefore,the amountof HUFA and 20:5ie3requiredby red sea
bream was subsequentlydetermined by a 50 and 60 day feedingtrial Fuijii, et al 1976;
Nakayamaand Yone, 1977! Thesefatty acidswere supplementedo the corn oil diet at five
levels.As shownin Figure 1,the growth rate and feedefficiency wereimprovedwith the in-
creasein dietary HUFA and 20:5ai3up to 0.5 percentlevel. Froin the relationshipbetween
dietary fatty acid levels and growth of fish or feed efficiency, the requirementof red sea
bream for HUFA and 20:5to3is estitnated at over 0.5g per 100gdiet. It can be considered that
20:51" is also one of the essential fatty acids of red seabream.
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Table7. Effecbf10Bighlyunsaturatef@ttyacidsHUFAsupplementadia 0,5%velntotallowandcornoil
diet on the growth and feedefficiency of red seabream,

Tallow Tallow .5%! Corn [6.5%! PoHock

Dietary lipid 9'4! HUFA .5'%! HUFA .5%! 935, YRW!
No. of fish
at start 22 21 21 21
dead 9 6 7 2
Ave. body wt. g!
at start 19,5a2.5 19.4y 2.6 19.5g2.4 19.5s 2.5
after 64 days 21,9i2.6 32.7f7.2 33.6y 7.2 32.1s6.7
"t"-test 'yd! S NS NS
Gain ¢! 2.4 13,3 141 12.6
Feed efficiency 95! Bs.s 60.2 95,3 96.5
Sc 0
10
Savy
Sa
10 2
01 03 05 10al os
taOiU3indial V,! HUFA

Figurel. Relationshigmetweegrowthof fishor feedefficiencyanddietary20:5d3or HUFAlevels.

If thedifferentessentidiatty acidrequiremenf redseabreanfromfreshwatefishand
terrestrial animalswas dueto continual feedingon fodder with a different fatty acid com-
positionit canbepresumetthatfishwithfeedindpabitsimilato thatof redseaream
would have6 similarrequirementor essentiafatty acids,aswell asthe converseSo,
YamadandYone 977! examinedhe essentialatty acidsof opaleysGirellanigricansla
semi-herbivoroussh, black seabream Myllomacrocepha!usin omnivoroudish, and
yellowtail, an extremelycarnivorousfish.

In thegrowthandfeedefficiencyof opaleyeyhichoftenfeedonseaweedherewasnoef-
fectof linolenicacidsupplementatiaio a tallowdiet, butthe supplementatioof 20;5013
andHUFAimprovedmarkediythe nutritive valueof tallow comparablé that of pollock
liveroil Table8!.Ontheotherhand)inoleicacidsupplementatidi notelevatéhe
growthrate butelevatedonsiderabilge feedefficiencydifferingromredseaream
Yamada and Yone, 1977;Yone, 1978

Black seabream also exhibited a similar requirementfor essentialfatty acids asthat of
opaleyd@abl®!.NamelyhesupplementinfR0:DtaandHUFAwitha tallowdietata 1
percenievelgreatlyelevatedhe growthandfeedefficiency.Thesegarametersereap-
preciablyelevatedavith linoleicacidbut not with linolenicacid YarnadandYone,1977;
Yone1978!Accordinglytheessentialole of otGseriedatty acid,especially0:4006n the
nutritionof opaley@ndblackseabreamshouldbestudiedn the nearfuture.

Intheyellowtawhichs anextremebarnivorodshandsthemosimportantulture
fishin Japanthe supplementatiarf 20:501andHUFAata 1percentevelimprovedon-
siderablythe nutritive valueof tallow andreducedhe mortality.Onthe otherhand,the
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growth rate of the groupsfed linoleic and linolenic acid wassimilarly low in the tallow diet
group, with a higher mortality after 20 daysof feeding Table'lO!.

Table8. Effects of linolenic acid [18:2!, linolenic acid 8;3!, eicosapentaenoi@cid 0.5%!, and HVFA
supplementedit a 1%levelinto tallow diet on growth and feedefficiencyof opaleye.

Dietary lipid Tallow 18:2 18:3 20:5 HVFA Pollock"
No. of fish
at start 30 3D 30 30 30 30
dead 6 2 2 2 7 8
Ave, body wt. g!
at start 5.4 5.5 5,5 5.5 55 55
y 0.8 g 0.9 r0,8 g 0.9 gl.0 wo0,8
after 62 days 9.4 11.D 9.9 12.9 13.0 16.5
g23 g3.0 r2.1 g37 +3,8 +4,5
"t'-test %! S NS S S S
Gain g! 4.0 55 4.4 7.4 75 '11.0
Rate of feed intake'> 2.80 2,30 2.48 2,32 2.63 2.26
Feed efficiency %! 33.4 50.5 39,9 60.4 54.1 77,1
"YY-2.
FI00! Wo Wt ", No Nt ~t
22

Table®, Effect®f18:21%$:320:5andHUFAsupplementeda 1%evelintotallowdietonthegrowthandfeed
efficiency of black sea bream.

Dietary lipid Tallow 16:2 18:3 20:5 HVFA Pollock’
No. of fish
at start 20 20 20 20 20 20
dead 0 3 8 0 0 0
Ave. body wt. g!
at start 10.8 10.9 11,1 11.D 10.8 10.9
+2,1 22,4 a2.6 g24 $23 t2.4
after 72 days 20.6 24.4 22,8 3'1.0 27.2 31.2
g5.4 gB.B t9.2 s8.4 j7.2 g6.9
"t"-test %! S S S NS NS
Gain ¢! 13.5 11.7 20.0 16.4 20.3
Feed efficiency %! 39.2 45.9 37.6 67,7 58.2 69.6
'YR-B.

Tablel0, Effect®f20;5:andHUFAsupplementeada 1%evetotallowdietonthegrowtrandfeedefficiencyf

yellowtail,

Dietary lipid Tallow 20:5 HUFA Pollock’
No. of fish

at start 30 30 30 30

dead 20 12 13 4
Ave. body wt. g!

at start 25.325.0 24.8r5,0 24.9s 5,2 250+ 5,3

after 31 days 37.29g9.5 57.5+15,5 BB.D&9,8 83.5t23,5
"t" test %! S S S
Gain ¢! 11.9 32,7 411 58.5
Feed efficiency %! 24.0 56.8 71.8 $3.9

*YY-2.



Recentlywith turbot, Cowey,etal. 976b!, demonstratedhat the substitutionof a partof
oleic acid with 1 percentcod liver oil resultedin the bestgrowth after 16 weeksfeeding,
followed by that with linolenic acid, 20:4cs6and linoieic acid in decreasingorder.

Onthe basisof thesefindings, it can beassertedhat a speciespecificity alsoexistsin the
essentialfatty acid requirementof marinefish, but that linolenic acidis not soimportant for
the nutrition of marine fishesasfor freshwaterfishesand HUFA are essentiaffor fatty acid
metabolism of marine fishes.

Conversion of Linolenic Acid to e3-highly Unsaturated Fatty Acids in Marine Fishes

Areason for the difference observed in the essential role of linolenic acid between marine
andfreshwaterfishescan be presumedfrom changedn fatty acid compaositionnotedduring
a long term feeding with a linolenic acid supplementeddiet, Namely, in rainbow trout
Castelletal., 1972bYuandSinnhuber,1972Watanabegtal., 1974andcarp Watanabeet
al., 1975! the percentageof HUFA in body lipid increasedby the feedingof linolenic acid.
However,it was reportedthat linoleic and linolenic acid in the diet do not undergochain
elongationand further desaturationin plaice PleuronecteplatessalOwen,etal., 1972land
turbot Cowey,etal., 1976b!In red seabream Fujii, etal., 1976! also,the level of HUFA in
liver phospholipid did not increaseevenif linolenic acid was supplementedo the corn oil
diet at a 4 percentlevel Table 11!.Accordingly, it is supposedthat marine fishes possess
lower abilities to convertlinolenic acidto HUFA when comparedwith freshwaterfishes.

Table 11. Percentaire fatty acid composition of phospholipid from liver of red seabream fed corn oil diet with
linolenic acid at several levels,

Corn oil 6.5
Dietary lipid %! 18;3cu3 0.5
~3 series fatty acids 18:3 tr 0.5 1.1 1.7 3.1 6.1
20:5 3.4 2.1 2.0 1.7 2.3 2.7
22:5 1.3 1.3 1.2 1.3 1.3
22:6 7.2 6.3 7.0 55 6.6 8.2
20 11.9 9.5 10.3 8.4 12.2 12.2
<usseries fatty acids 18:2 6.1 21,8 24,1 21,6 22.1 20,1
18:3 tr 1,3 1,3 1,2 0.9 0,6
20:2 3.6 1.3 0.6 1.2 0.7 0.8
20:3 0.3 3.3 3,2 2.8 2.6 1.9
20:4 0.6 0.6 0,6 0.7 1.0 15
20 4.5 5.2 4.6 4.7 4.3 4.2

Recently, the study by Owen, et al, 975!, confirmed this supposition. "C-labelled
linolenic acid was orally administeredto turbot and rainbow trout, after pre-feedingwith a
fat-freediet. On the basisof the radioactivity of eachfatty acid at the sixth day after the ad-
ministration, it was found that about 83 percent of linolenic acid was converted in rainbow
trout to HUFA, mostly to 22:6te3,as compared to only 15 percent in turbot. Yarnada, et al.
960!, also compared the conversion of linolenic acid to HUFA in red seabream, black sea
bream,and opaleyewith that in rainbowtrout, usingthe samemethodemployedoy Owen,et
al. 975!. However,in the pre-feeding,a diet containing pollock liver oil was used.

As shownin Table 12,the radioactivity of 22:6tc3fraction exhibited 14.5percentof total
activity in rainbow trout, but 1.1to 4.9 percent in marine fishes.

From thesefindings, it is postulated that the slow conversion of linolenic acid to HUFA in
marine fishes is a cause of the difference observed in the essential role of linolenic acid be-
tween marine fishes and freshwater fishes.
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Table 12, Distribution of "C into fatty acids in total lipid of marine fishes and rainbow trout fed [1-14C] linolenic
acid, Values are expressed as percent of the total radioactivity of tissue lipid.

Fatty acid 8}ack seabream Opaleye Striped mullet Rainbow trout
14:0 0,2 0.1 0.5 3,0
16:0

116:1 0,5 0.4 0.5

18;0

t18:1 0.2 0.4 0,2 3,4
18:3 3 82.2 79.9 83.4 38.8
18:4~3 8.3 7.7 6.9 3,1
20:3u3 3.0 0.9 2.4 10.6
20:4 483 0.4 tr 0.3 4.3
20:5&3 0,1 0.7 1.1 2.6
22:5m3 tr 0,7 0.2 7.9
22:6 u3 1.1 4,9 1.6 14.5

Water temperature: Seawater 23.3 27.PC, Freshwater 24.4 26,14C,
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of California. 'I'ne mechanism by which this occurred was the water's turbulent r:onditions
which broke up food conr;entrations when fish first began feeding, making it difficult for the
larval fish to obtain enough food to survive. Emphasis is being placed on research similar to
Lasker's 978! which will elucidate how short term changes of air-sea interactions influence
the early life stage of pelagic fish. However, because salmon do not exist in a pelagic larval
stage,the morc long term environmental changesoccurring between years and the biological
consequences would seemto be more importarrt.

One factor which influences many aspects of fish ecology is water temperature, influenc-
ing production of fish food organisms Gushing, 1975; Cushing and Dickson, 1976!, fish
distribution Hubbs, 1948; Radovich, 1961] and migration Tully, et al., 1960; Jakobsson,
1969!. Temperature has a}sobeen shown repeatedly to be one of the most influential factors
in fish growth Brett, et al., 1969!. In the north Pacific Ocean there has been along term
decline in seasurface temperature, although very slight Ricker, et al., 1978!. However, of
morc significance and possibly having more impact are the relatively short term changes
which have occurred within a several year period. For example, in both the Gulf of Alaska
and Bering Sca, 1967 was one of the warmest years on record whereas 1971 was one of the
coldest Str'aty and Jaenicke, in press; H, J. Niebauer, personal communication!. Mean an-
nual seasurface temperature in 1967 for the Gulf was 7.5'C and for the Bering Sea5,4'C,
whereasin 1971the temperaturewas 6.3~Gor the Gulf and 3,2'Cfor the Bering Sea.Straty
and Jaenicke compared the first year's growth of Bristol Bay sockeye salmon Oncorhynchus
nerko] for these two different periods. Using number of r:irculi, the width of the first year's
saltwater growth, and three other features of the sr:ale,they found significant differences for
all five features between the two years. They r;oncluded more growth occurred in the warm
year of 1967,

Although not well understood, density-dependent growth appears to be quite common in
fishes Hepher, 1967;Cushing, 1975; Ware, 1980!, particularly in the immature phase of life
history. Density-dependent growth has been shown to occur in the freshwater stage of
sockeyesalmon Harlmanand Hurgner1972knd the sizeof returning adultsalso appeardo
be density dependent;mature fish during years of peak numbers every five years with
Bristol Bay stocks! are smaller than those during non-peak years C. P. Meacham, personal
communication!. Growth in fish is a sensitive index to resource availability Werner and
Hall, 1977!, i.e., since growth s plastic it will increase with arelative increase in food
availability anrl decrease when food is scarce; and it has been assumed that density-
dependentgrowth in Bristo! Bay sockeyesalmonis a reflection of resourceavailability duc
to intraspecific competition for food Tsuneo Nishiyama, personal communication], Food
and temperature also interact in their influence on growth. Brett, et al. [1969] have shown
this for young sockeye salmon, growth efficiency being different for dil'ferent 1'oodevels and
temperai urc combinations.

Before an extensive study is begun into the effects of oceanic conditions on ocean growth
of Bristol Bay sockeye salmon, a preliminary study was initiated under the hypothesis that
temperature of a relatively warm period 965 to 1967!and a relatively cold period 970 to
1972!,and population size will influence oceanic growth. An initial examination was also
made of the possibleinfluence of weather conditions on first year's growth. This paper
presents the results of this preliminary study,

Methods and Materials
The Alaska Department of Fish and Game ADFRG! has been sampling and storing Bristol

Bay sockeye salmon scales since the 1950s.They were obtained by the "key scale" method
Tesch, rsoa], in this case from thc left side of the fish, iwo scales above the lateral line and
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belowthe posteriorinsertion of the dorsalfin. For this study, becausehere are differences
between stocks and sexes in Pacific salmon due to genetic characteristics [Ricker, 1972],
scalestaken off of escapement females from two river systemswere sampled from the scale
files of ADFgtG, A total of 815 scaleswere sampled, 300 age 5, fish' and 133 age 6, fish from

the Kvichak River, and 293 age5, fish and 39 age 6, from the Ugashik River. Scales sampled
were those that did not show appreciable resorbtion and were taken from fish which

migratedto seaassmoltsin 1965,1966,1967,1970,1971and 1972 Numbersof scalesused
for eachagegroup, for eachriver and yearare givenin Table 1. The first three yearswere
considered "warm years" and the latter three "cold years" asdetermined from mean annual

seasurfacetemperatures967 wasthewarmestyearon recordand 1971 oneof the coldest!.
Impressionsof scaleswere made on acetateplastic Arnold, 1951]and projected at a
magnification of 100X on a projector which is describedby Ryanand Christie 975!. For
eachscalethe following measurementsvere obtainedas measuredfrom 20' ventral to the
longest scale axis; . .

1! Thewidth of the freshwategrowthzonefromthefocusto thelastcirculuswhich
was laid down during freshwater growth.

2! Thenumbeofcirculiin andwidth of eachyear'saltwategrowthzone Thesavere
measuredfrom the last circulus in the previous growth zoneto the last circulus
formed in the first, second, or third for 6, Fish!saltwater growth zones.

3! Thenumberof circuliin andwidth of the plusgrowthzoneasmeasuretfomthe
lastcirculusin the second for 5, agefish! or third for age6, fish! year'sgrowthto the
scale edge.

Tablel. Samplesizefor eachagegroupfrom the UgashikandKvichak Riverswhich migratedto seaduring the
years used in this study, Note that a5, fish which migrated to seain 1965would return to spawn in
1967, whereas a 6, fish which migrated at the same time would have returned in 1966,

Year of Migration

River Age' 1965 1966 1967 1970 1971 1972 N

Ugashik Ss 50 50 50 50 42 51 293
6a 6 3 3 50 5 20 69

Kvichak 5, 50 50 50 50 50 50 300
6t 50 3 0 50 4 26 133

'The Gilbert-Rich system of aging is used in this study, Age 5, fish is equivalent to a 2.2 age fish in the European
system. Similarly 6, fish is equivalent to a 2.3 age fish,

Total distanceof the saltwater growth zoneswas then correlatedwith the total number of
circuli. For Ugashikfishr = 0.789 d.f., = 1,380;p .001! and for Kvichakfishr= 0,734
d.f, =1,431;p .001l!, Therefore,distanceof the various saltwatergrowth zoneswere
used in the analysis of the influence of various factors on growth.

Environmental data were obtained from two sources. Monthly mean sea surface
temperaturesSST!were providedby Dr. D. R, McLain NMFS, Fleet Numerical
OceanographyCenter,Monterey, California] for one point in the Bering Sea 7'N, 170'W!
near the Pribilof Islandsand one just northeastof Kodiak Island 8eN, 150aW]Following
StratyandJaenicken press!monthlymearseasurfacdemperaturesereplottedandthe
area under the resultarit curve determined, herein called "temperature.” Temperatures
calculated for the Bering Seawere correlated with first year's growth, whereas the
temperaturesalculatedior the Gulfof Alaskaverecorrelatedvith seconéndthird for 6,

'The Gilbert-Rich system of aging is used in thts study. An age5, fish is equivalent to a 2.2 agefish in the European
system. Similarly, 6, fish are equivalent to age 2.3 fish.
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fishlyear'growti.emperaturesorrelatedith plusgrowthsincematurindgishspend
timebothin theGulfandBeringealuringheirspawninmigrationyeredetermindaly
plottingmonthlynean SSTrromtheGulforJanuatarough April, andmonthlymearfrom
theBeringea for MayandJuneéWeathedatamonthlyneansfwindcubedanindeof
watermixing,Forest Miller, personatommunicatiorprecipitationjegree  daysandcloud
coverwereobtainedromtheNationalVeatheBervictorSt.PaulslandPrihilofslands!.
ForeachweatheparameteanoveralneariorthemonthefJun¢hrough Decembewas
calculatedand correlatedwith first year'sgrowth,

To determinghe effectof populatiorsizeon growth,it is necessario havenumberof
migrating smolts. However, adequate information does not exist because of inaccuracies in
snlotistimatiorC.P.Meachamersonadbmmunicationifherefor@nindexof popula-
tion sizewasdevelopedisingnumber®f returningadultérom all majorriver systemsf
BristolBay Forcorrelationith  first year'growththeindex wasdevelopety summing
thenumbersfadultswhichwentto seaatthesameimeirrespectivei'whentheyreturned
to spawnFor secondndthird year'sgrowth,the indexwasdevelopedy summinghe
numbeofadultsvhichwoulchavdeemn theGulfofAlaskauringheyearsfinterest-
respectivéwhertheyreturnetbspawnTheindex  correlatedvith plusgrowthwasthe
numbeofadultsvhichreturned in theyearof interestirrespectivé age.

The relationshipbetweengrowth measurementgopulationindex, and physical
parameter&rasdeterminedby univariateegressi@nalysisinalysis  of cavarianc&ith
temperatureas the covariate, and stepwise regressionanalysisSteeleand Torrie, 1960;
DraperandSmith,1966'ComputationsereperformedisingBMDPprogramBixson and
_Brolwn, 1979]When meangrowth is presentedin the text, plus or minus one standarderror
IS also given.

Results

Temperature

Tabl& surnrnarizeékeresultsfa covariancanalysisffirstyear'growth forageb,and
6,fishfrontworivers. Temperatur&asthecovariancéhere wasasignificanésponseto
temperature for both Kvichak River and UgashikRiver  stocks. There were no differences in
meargrowthorthe two agegroups.Theregressiowroefficientdortheagegroupsom-
binedare notthatstrongputthey aresignificanConsiderinige5, agegroupalonethe
regressicoefficierasemucltstrongéinan  when5,and6, fishareconsidereda group,
0.55or UgashilRiverfishand0.4IforKvichaRiver fish Table3!,Comparirageb, fish
fromthetworiversystemspvarian@alysishowed thatthetwo agegroupsesponded
differentlyto temperaturd.f.= 1,589 = 0.035Thereforeseparategression analyses
wereperformedand the resultsaresummarizedn Table3. Ugashikish had a greater
responsanda strongecorrelationhan  Kvichakfish. A t-testwasusedpecausef the dif-

Table 2,  Summarizesultofcomparindrstyear'sggrowthof all fishfromtheUgashilandKvichalRivers.
Analysisfcovarianegasisedn thecomparisongthtemperatuaiea covariate =probability
valuesdl.f. = degreesffreedonandr = regressionoefficienbetweetemperaturandgrowthfor
age 5, and 6, fish combined.

Kvichak Ugashik
Test d.f. d,f,
Equal Slopes 1,429 0.346 1,378 0.305
Slope - 0 1,430 0.001 1,379 0,001
Equal Adjusted Means 1,430 0,946 1,379 0.471

0,36
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Table3. Summarizedresults of regressionanalysisand 1-testfor first year's
growth of aged5, from the Ugashikand Kvichak Rivers.b = slopeof
regressiorline, SeeTable 2 andtext for further explanation.

Ugashik Kvichak
Regression Analysis

0.55 0,41
b 307.99 223.32

d.f, 1,291 1,298

.001 0.001
Test of Means
Mean Growth x S.E. 370 x 2.40 363 2,36
0,028

ferentresponsdo temperature to determineif there wasa differencein meangrowth. Table
3 showsthat Ugashikfish grew more than Kvichak River fish. Eventhough samplesizesfor

6, fish are smallfor bothriversor nonexistenin oneyear,covariancenalysisvasper-
forrnedand showedtherewasa significantresponsdo temperature d.f. = 1,219p - 0.015!,
no differencein the growth-temperaturerelationshipbetweenthe two stocks d.f.  1,218p

= 0.646!and no differencein meangrowth d.f. =1,219;p = 0.348;UgashikR =365t 3.89,

Kvichak7 361 3,18,

Secondyear'sgrowth for the four groups,5, and 6, agedfish from bothriver systemswere
comparedby analysisof covarianceand there was a significant difference betweenslopes
d.f. = 3,807p = 0.031!Variouscombinationsf agegroupsfromthetwo river systems
were comparedby covarianceanalysisand only one comparison,6, fish from Ugashikand
Kvichak Rivers,showedthat they had similar slopes d.f. = 1,218;p = 0.073l.The analysis
alsoshowedhattherewasnorelationshipetweemgrowthandtemperaturel.f. = 1,219
= 0.197!'with meangrowth the samefor the two groups UgashikR= 296a 5.0and Kvichak
X = 294x4.08;d.f. =1,219;p = 0.646!.Thus, age6, fish from the two river systemsgrow
similarly in the secondyear and temperaturedid not significantly affect growth,

Table4 surnrnarizethe resultsof regressioranalysisbetweengrowth andtemperaturefor
the groupsseparatelyln contrastto first year'sgrowth, there wasonly one significant rela-
tionship to temperature . However,this wasnegativeandis undoubtedlydueto a smallsam-
ple size.To determinewhethertherewasa significant differencein growth between5, and
6, fish within river systems, t-tests were performed for those years in which there were ade-
guatesamples seeTable 1!,and the resultsare shownin Table5. For both river systemsp,
fish grew significantly morethan 6, fish for the yearspooled.However,this significant dif-
ferenceis not consistentoveryearsandfor theseUgashikfish which migratedto seain 1970,
growth wasessentiallyidentical Table5!.Comparing5, agefish from thetwo rivers by t-test
showedhattherewasnosignificantifferencen growth d,f. 592p =0,146tJgashikx=
320z 2.8;Kvichakx ~ 3149 2.8!,However,in 1971therewasa significantdifference d.f.-
90;p = 0.010betweerthe Ugashik5, fish x = 334z 5.9'andKvichak5, fish R- 309 z 6.8!.

Table4. Summaryof regressioranalysisbetweensecondyear'sgrowth andtemperaturefor the four groupsof
fish. SeeTables2 and 3 for further explanation,

Kvichak Ugashik
Ss 5, 6a
r 0.081 -0.166 -0.094 0.037
b 43.4 -186,9 -50,69 28.94
d.f. 1,298 1,131 1,291 1,87
P 0.25> P> 0,10 0.05> P! 0.01 0,10> P> 0.05 0,50> P>0.25
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Table 5,

Secondyear'sgrowth [meansz one standarderror! for eachagegroup within rivers and probability of

meandeingdifferentOnlythoseyearsn whichan adequatsamplesizefor 6, agedishwereused.

Samplesize in parentheses.Seetext for further explanation.

Ugashik Kvichak
Age Age
Year Ba Ba Ba
1965 315+ 6,1 309+5.7 0,440
0! 0!
1970 299s 5.3 29825,7 0.922 302" 5.7 292w 6.1 0.217
0! D! o! (o]}
1972 3364 5.5 300" 9.5 0,001 329z 6.4 273z 2.1 .001
1! D! 0! 6!
Years Pooled 3'18& 4.2 299a 4.8 001 3152 3,6 294" 4.3 0.001
01! (o]} 50! 26!

In comparinghegrowthoverallyearsof 6, fish,a t-tesshowedherewasnosignificandif-
ference d.f. =220; p = 0.813; Ugashik% =296 z 4.8; Kvichak'R =295 z4,2!,

Forthethird year'sgrowth eventhougtsamplesizefor someyearss small Tablel!,an
analysi®fcovariancevasperformedo determinéf a temperatureffectcouldoedetected
andwhethetherewasa differencén growthtbetweerthetwostocksThe analysishowed
nodifferentiatemperatureesponsed.f.  1,218p ~ 0,714!withtheslopeoftherelation-
shipnotsignificantlgifferenfromzero d,f, = 1,219;p = 0.102! Alsothetwo stockgrew
similarlyd.f. = 1,219;p 0.642], meangrowthfor Ugashikishbeing239 p 4.19andthat
for Kvichak fish 237 + 3.44.

Covarianceanalysisof plus growth showeda significantdifference betweenslopesfor the
four groupsof fish, i.e., the two age groupswithin the two river systemsd.f.  3,807;p =
0.007]. Table 6 summarizesthe resultsof the regressionanalysisbetween plus growth and
temperaturefor the four groups.Two of the groups,Kvichak 5, and Ugashik6 are tnarginal-
ly significanatthe five percenievel.Howevertheir slopesire of oppositelirection,The
other two groupsalso have slopesof oppositesign and are not significant. It would seem
then, sincethe resultsare inconsistentthat thereis not a significanteffect of temperatureon
growth during the last few monthsprior to spawning.

Table 7 surnrnarizegesultsof severalt-tests performed to determine whether there were
difference plusgrowthforthetwoagegroupsvithinandbetweerthetwo riversystems.
For the yearstakenasa whole, there were no significantdifferencesbetween5, agefishfrom
the two river systemsnor between 6, agefish Table 7!. However, looking within years, dif-
ferencesdid occur. For example, age 5, fishfrom the 1967 migrants, Ugashikfish had more
plus growth than did Kvichak fish 13 t4.31 vs. 101 g 3.91, respectively;d.f. =98, p=
0.050!,butthe 1970 Kvichakmigrantsgrew morein plusgrowththan thosefrom 1970
Ugashikmigrants 08 ~ 3.81 vs.92 t 5.52, respectivelyd.f. =98, p = 0.017!.For 6, agefish,
1970 migrantsfrom Ugashikgrew more than thosefrom Kvichak 5 t3.68 vs. 63 z 3,74,

Table 6. Summary of regressionanalysisbetween plus growth and temperature for the four groupsof fish. See
Table 4 for explanation,
Kvichak Ugashik

6a 5a 6a
r ~ 014 -0.121 0.114 0.210
b -115.22 -94,01 1.08,00 174.39
d.f. 1,298 1,131 1,291 1,87
P 0.049 0,19 O.na 0.0sa
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Table7. Pittsgrowth meanst on S,Edfor Ugashikand Kvichak5, and63age
fish and probability of meansbeingdifferent. SocTable3 forexp ena-

tic n.
Mean t S.E. d.f, P

Ugashik 5, 123 X 2.39 591 0.363
Kvichak 5, 126 t2.50

Ugashik 6, 58 t12.38 220 0.588
Kvichak 6, 60 x 3.06

Kvichak 5, 116 t2.60 274 ,001
Kvichak 6, 58 t 2,46

Ugashik 5, 114 t. 4,37 «0,001
Ugashik 6, 58 g 3,2ti

respectively; d.f. 98, p = 0.029!whereas the 1972 migrant Kvichak fish grew more than did
Ugashik fish 7 +5.09 vs. 42 t5.24, respectively; d.f. 44,p = 0.001!.Comparing 5, agefish
with 65, fish grew twice as much as 6, fish in their plus growth.

Temperature and Population Size

''able 6 summarizes the results of a stepwise regression analysis with temperature and
population size as independent variables, For first year's growth, temperature entered the
equation first in all cases and, as previously pointed out, Rwas significant at the p= 0,05
level or higher in three of the four groups. From the partial F-test the amount of additional in-
formation accounted for by adding population size was significant only for Ugashik 5, fish F
=7.71; d.I. =1,290; p 0.01]. For Kvichak 6, fish the R value was not significant at the p =
0.05 level with both variables included,

In second year's growth, population was the first variable to enter for both 5, age groups
and Ugashik 6,. However, the R value was significant at p = 0.05level or better for only the
53 age groups and there was a negative slope for the Ugashik 6, fish. When temperature
entered into the equation for the three groups, the regression coefficient was raised substan-
tially, but partial F-tests showed that a significant amount of information was accounted for
hy adding temperature only in the 5, age groups Kvichak: F= 1242, df. =1,297, p,001;
Ugashik: F= 57.19,d.f. =1,290, p.00'l'.  For Kvichak 6s fish, temperature entered first
and, as previously noted, the R valuewas significant atthe p = 0.05level. However, a signifi-
cant amount of information was not accounted for when population was added to the equa-
tion.

In the third year, temperature entered the equation first for Kvichak 6, fish and, as
previously noted, the R value was not significant atthe p = 0.05level, Including population
in the equation raised the R value but it did not add a significant amount of information, nor
was the Rvalue significant. Population entered the equation first for Ugashik 6, fish, with a
negative slope and was significant at p = 0.011level. When temperature entered, it did not ac-
count for asignificant amount of Information.

For plus growth, temperature entered the equation first for three of the four groups, but the
R value was significant p = 0.05only for 5, and 6, Ugashik fish. For Kvichak 6, fish the slope
was negative, but not significant atthe p = 0,05 level, For Kvichak 5, fish, population entered
the equation first and the R value was significant p = 0.01 and the slope was negative. When
the second variables entered the equations for the four groups, partial F-tests showed that
none account for a significant amount of variation.
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Other Factors

To examine the potential effect of other variables on growth, a stepwise regression analysis
was done using, besides temperature and population, cube of the wind, degree days, air
temperature precipitation and cloud cover aspredictor variables.Becausef the small sam-
ple size for age6, fish in various years, these variables were regressed on first year's growth
of ageb5, fish only. Table 9 summarizes these results. Precipitation entered the equation after
temperature for Kvichak 5, fish and accounted for a significant amount of variation in first
year's growth d.f. =9,297; p = 0.003!. Degree days entered the equation next but did not ac-
count for a significant amount of variation d.f. =1,296; p= 0.25!. For Ugashik 5, fish
temperature entered the equation first followed by population, and as previously shown,
both accounted for a significant amount of variation in growth. Next to enter the equation
was precipitation and it accounted for a significant amount of variation d.f. =1,295;
p .001!. Including other variables in the analysis did not account for any significant
amount of variation in growth for either group of fishes.

Table 9, Summarized results of stepwise regression analysis of first year's growth for 5, aged fish. The indepen-
dentvariablesshownaretemperature T!, population P!,precipitation PR!,anddegreedays DD!.R is
the multipla regression coefficient.

Step
2

Variable Kvichak PR DD

0,405 0.435 0,439
Partial 58.59ss T: 64.12" T: 53,97"
I PR:9.14 PR: 6.62'i
Ratio DD: 1.35
Variable Ugashik P PR

0.552 0.568 0,60
Partial 127.59** T: 113.39" T: 25.78*
F P:7.71 P: 23.69*
Ratio PR: 16.40

'Significant at the 0.05! P! 0,01 level.
"*Significant at the P.01 level,

Discussion

From the analysis presented in this preliminary study, there were significant relationships
between several factors and growth as well as significant differences between age groups
and stocks. However, any conclusions based on age, becauseof the small sample size and no
data in one year for age 6, fish, may be looked on with circumspection. Even though there
were these small sample sizes, the age comparisons were done primarily asa guide to further
investigations. Analysis of covariance of growth for the fishes' first year at seashowed that
5, and 6, fish responded similarly to temperature and the relationship was significant. There
was a differential response to temperature between the two stocks, analyzed with 5, and 6,
fish combined and 5, fish separately. Growth by Ugashik fish was more strongly related to
temperature than Kvichak fish and they grew significantly more. Regressions between
temperature and second year's, third year's and plus growth resulted in three out of ten
significant barely at the p = 0.05 level! R values. However, two significant values and one
nonsignificant value were negative in sign. Therefore, it can be concluded that there was a
significant temperature affect only on first year's growth.

Lander and Tanunaka 964! showed that age 5s Bristtji Bay suokeye grew more in their
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second year at seathan 6, age fish. Helle [1979], for chum salmon [Oncorhynchus keta!,
showedthat therewas a significant relationship betweenageat maturity and secondyear's
growth, earlier maturity beingrelatedto more growthin the secondyear. Thissuggestedhat
faster growing fish mature earlier. In the present study, comparing second year's growth,

t-testsshowedthat for all yearscombined,age5, fish grew significantly morethan 6, fish in

their second year at sea, However, comparing within years shows that the differences are
not consistentfrom yearto year,with there beingno differencebetweenagegroupsin some
years. J, J, Pella and H. W. Jaenicke personalcommunication!back calculated growth for

two stocks of Bristol Bay sockeye salmon and found that 5, and 6, agefish may be the same
size at the end of their second year at sea.

A number of studies have investigated the relationship of marine environment and sur-
vival Gushing and Dickson, 1976;Sutcliffe, et al., 1977; Parrish and MacCal[, 1978; He][le,
1979!. But other than Straty and Jaenicke's study [in press!, few studies have examined the
relationship between marine environment and growth. He[le 979! correlated the number of
circuli, used as an indication of growth, in the first and second growth zones of chum
salmon with a number of environmental factors. He found significant correlations between
first year's growth and mean summer and fall water temperatures positive!, mean summer
cloud cover negative!l meansummerand fall air temperatures positive!,and meansummer
andfall dew point positive!.As found in our study, Helle found no significant relationship
between second year's growth and ocean temperature. Ricker, et al. 978! examined the
relationshipetweerthe final sizeofvarioupink salmonstock$O.gorbuschahdthelong-
term decline in ocean temperature. They found positive relationships with temperature but
only accounted for 9 percentto 25 percent of the change in the size of pink salmon. They also
found some significant positive relationships with salinity but questionedtheir validitv,

In contrastto the useof univariate correlation analysesn other studiesto investigatethe
influence of environmental factors on growth, we have used a stepwise multiple regression
approachwith the thoughtthat the factorsunder investigationwould not act independently.
Helie 979!, in his study of chum salmon, usedthe numberofreturning adults of a cohortas
an index of population size and foundno relationshipbetweenpopulation  size and growth in
eitherthe first or secondyearof oceanlife, In the presentstudy, using5, fish in the analysis,
population size accounted for a significant amount of additional variation in  first year's
growth for only Ugashik fish. However, eventhough it was significant, it raised the R value
by only a small amount .016!. This, in conjunction with Helle's results, may suggestthat the
number of migrating smolts doesnot influencefirstyear's growth to any great extent and the
temperature of the Bering Seais more important. For secondyear's growth, population
entered the equation first for both stocks and was significant at the p = 0.05level for Ugashik
fish and p = 0,001 level for Kvichak fish. Temperature entered the equation next for both
stocksand accountsfor a significant  amount of variationin both caseqgTable8!. The R value
was raised from 0.235 to 0.305 for ihe Kvichak fish and 0.168to 0.434 for the Ugashik fish,
This indicates, recalling that univariate regressiorvalues between second year's growth and
temperature were of opposite  signs and not significant, there is an interaction between the
two variables in influencing growth. It is interesting to note an unexpected result of the
analysis. Regression values between temperature and index of population size used in the
regression analysis of first and second year's growth had values varying from 0,626to 0.819
significantat the p = 0.001level!,implying that ocean survivalis temperature dependent.
Finally, environmental factors were included in the equation for first year's growth Table 9!.
For Kvichak fish, precipitation accounted for a significant amount of variation in growth
after temperature; whereas the third variable to enter degree days! and afl variables
thereafter, including population, did not account for a significant amount of variation in
growth. For Ugeshik fish, besidestemperature, population and precipitation accountedfor
significant amounts of variation in growth, whereas no other variables did, suggesting that

270



climatic factorsmay not influence first year'sgrowth. This is in contrastto Helle 979! who
found significant relationshipsbetweenfirst year's growth in chum salmonand meansum-
mer and fall air temperaturemean summer and fall dew point and meansummer cloud
cover, suggesting that climatic factors might influence growth.

Becauseof the implications to the enhancementof sockeyesalmonand possibly other
salmoni,it will proveinterestingto speculateon the reasonfor the resultsin this study.In this
discussion it is assumed that the regression values between growth, temperatures and
population size are reflecting valid biological relationshipsand not fortuitous ones,asthe
significant regressionwith precipitation may well be the authors cannot attach any real
biological meaningto a significant amount of variation in growth being accountedfor by
precipitation]. Foodorganismsitilized by sockeysalmorhave beenstudiedand reviewed
by Straty 974], LeBrasseuf1972and1966],and French,etal. 976!. Generallythe tenden-
cy is for juvenilesto feedon smallorganismssuchascladoceransall stagesof copepodsand
euphausiids, and larval fishes, whereas the maturing and immatures feed on larger
organismssuch as fish and squid. However, the maturing and immature fish do utilize
euphausiidsand amphipods,the proportions seemingto vary with seasonand geographic
location. LeBrasseur [1972! classified various food organisms as herbivares, primary car-
nivores and secondarycarnivoresand concludedthat maturing and immature sockeye as
well aspink and churn!salmondid not effectively utilize the spring bloom of primary con-
sumersand that the energy representedby these organismsis stored by other elements
higher in the food web, the larger carnivores. Thus, it is possiblethen, that the juveniles
might moreeffectivelyutilize thelargeamountof biomassthat existsduring the summerand
fall in the Bering Sea which is much greater than that occurring in the North Pacific
McAllister, 1961;LeBrasseur,1965;keda and Motoda, 1978;Iverson, et al., 1979!.1t is
possiblethen that numbersof juvenilesreachingthe Bering Seahavenot reachedthe point
where competition comesinto play and density-dependengrowth effectsare not exhibited.
However, oncethe fish reach the North Pacific Ocean and begin utilizing organisms higher
in the foodweb, density-dependengrowth becomesmportant asthe fish cannoteffectively
utilize the largemumber®f primaryconsumersseverasourcesfinformationmply that
this may be the case and that oceanlimitation existsin otherthan  the first year at sea.First
arethe resultsof the presentstudy, populationaccountingfor a significantamountofvaria-
tion in growth for both stocksin the secondyearbut not thefirst. Seconds from two studies.
Walters,etal. 978!, froma computesimulatioomodelof growthand survivatluringthe
first six months of near shore inhabitation by major British Columbia salmon stocks,con-
cluded that ocean limitation  was unlikely unless only a small fraction of the total
zooplanktonproductionis availableto salmonBaileyet al. 975], investigatingghetheran
estuaryvas nearcarryingcapacity for pink andchurrnsalmon, concludedthatbaseanfood
organismghe estuarycould supportten timesthe numberof youngoverthatwhichthey
found. In contrastto these, Peterman 978! presentsevidencethat in somestocks there is
not an increase in adult returns with an increase in smolt abundance and that marine sur-
vival of somestocksis affectedby other stocksor cohorts.Finally, the sizeof matureBristol
Bay sockeye [particularly 5, age fish] are known to be smaller during peak years C. P.
Meacharn and Tsuneo Nishiyama, personal communication!.
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Food of Lanternfishes in Suruga Bay, Central Japan

Tadashi Kubota

Faculty of Marine Scienceond Technology, Tokai Vniversity, Shimizu, Shizuaka-ken, Japan!

Abstract

An examination was made of the stomach content of four species of lanterntishes. Myctophum nitidulum,
Ivlyctaphum orientate, Diaphus suborbitolis, and Benthosema pterota collected from Suruga Bay on the Pacific coast
of centralJapanThefirst two areepipelagicspeciesnigratingbetweenthe surfaceand 300m, andthe lasttwo are
mesopelagic species migrating between 20 m and 400 m,

Copepods were always predominant in the stomachs of these four species. There was a greater diversity of
animals in the stomachs of the epipelagic species than in those of the mesopelagic species, Copepods, larvae of
shrimpsand crabs,euphausiidsamphipodscirriped larvae.appendiculariansetc.,were found in the stomachof
the epipelagic species, while copepods and euphausiids were the major components in the stomachs ol the
mesopelagispeciesThe differencein the diversity of zooplanktorfaunabetweerthe shallowerand deeperwater
layers would reflect in the stomach contents of the two groups.

The average stomach content index in weight was 1.13in M. niiidulum, 0,89in M. orientale, 0.S6in D. suborhitalis,
and 0,74 in B. pterota. The stomach content index was higher in the epipelagic speciesthan in the mesopelagic
species,

It is suggested from stomach content analysis that the lanternfisbes in Suruga Bay are positioned at a level be-
tween zooplankton and fishes in their trophic relationship, and thus play a significant role in the food web of the
marine ecosystem in the bay.

Four species of lanternfishes, Diaphus gigas, Diaphus sagamiensis, Diaphus watasei and Diaphus suborbitalis are
utilized as human food by local fishermen.

Introduction

Lanternfishes are known as deep-water micronekton widely and abundantly distributed in
the oceans of the world. About 230 species of lanternfishes have been reported from the
Pacific Ocean, and 37 of these have been found in Suruga Bay on the Pacific coast of central
Japan. The author had opportunities to work on stomach analysis of four species of lantern-
fishes, Myctophum nitidulum, Myctophum orientule, Dinpltus suborbituiis, and Berttosemo
pteroto collected from Suruga Bay during the period 2969to 1977, This paper deals with the
stomach contents of these four species, describing the species of food animals and their
abundance. It also includes a note on the utilization of several species of lanternfishes as
human food.

Collection of Material

For collection of the epipelagic lanternfishes, aring net, 130 cm in mouth diameter and 4.5
m in length, made of stramin, was tawed through the surface layer of the seaat night. Seven
tows were completed in November-December 2969 and two tows in November of 1970 by
the R/V Tokaidaigaku Maru Il, on acourse from Miho Key to Osezaki in Suruga Bay.
Mesopelagic lanternfishes were collected from the catch of sergestid seine boats operating
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on the fishing grounds froth Miho Key to the mouth of River Fuji, and also off Tagonoura and
off Yaizu. Satnples of lanternfishes were taken from the catch of sergestid seine nets six
times in October-December 1975, five times in May-June 1976, three times in November-
DeCember 1976, and Seventitnes in April-June 1977, for atotal of 21 samplings Figure 1!
The sergestid fishing was always carried out at night, and the seine net was lowered to 150m
depth and then hauled. The following specimens obtained by the ring net and seine net were
exatnined,
Epipelagic species:
Myctophum  nitidulum  Garman78 individuals
Myctophum orien tale Gilbert! 33 individuals
Mesopelagic species:
Diuphus suborbitclis Weber 571 individuals
Benthosemapterota Alcock! 380 individuals

Figure 1, Index map for samplingin Suruga Bay,
fte t9 te fptp 191 te tet ft 9 bt 19 11999-1970.

~; wherewo specied mesopeiaglanternfishesereobtainedn 197S-1977.
Insertedmap showsSurugaBay indicatedby an arrow in largemap.

Processing af Material

Specimens were immediately fixed with formalin, and taken back to the laboratory. Body
length, body weight. and head length were measured. The number of soft rays of the dorsal
fin and anal fin, number of anal lutninous organs AO! on both sides of the body, number of
gill-rakers on the left first gill arch, vertebral nutnber, and other rneristic characterswere
recorded for species identification. The stomachs were dissected and the contents were
weighed then preserved for later exatnination. Sex was determined by examining the
gonads. Food animals contained in the stomachs were identified at the level of species,
genus, or family, and the number of individuals was counted. From this, the stomach content
index weight of animals takenfbody weight of fish! x 1oo] was calculated.
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Results

Food of Myctophum nitidulum

Copepods were found in 63 [80.8 percent in number of stomachs! of the 78 fish. Twenty-
two genera of copepods in the stomachs of the fish were identified. Their abundance was in
the descending order of Eucalanus, Paracalanus, Oncaea, Euchaeta, Calanus, and Undinula,
Larvae of shrimps and crabs, in particular brachyuran zoea and megalopa, were also abun-
dant. Euphausiids, amphipods, and cirriped larvae also occurred in the stomachs of the fish
though in small numbers Figure 2!. The frequency distribution of the stomach content index
showed that stomachs with stomach indices in the two classes: 0,001-0,200 and 0,201-0.400
occupied 30,8 percent of the total. The indices af the classesfrom 2.401to 5.801were 1.3 per-
cent of the total. The average index was 1.13 Figure 3!.

Figure 2. Percentage composition of stomach content oCtwo epipeiagic species of lenternfishes collected in
Suruga Bey, iapan, Percentage based upon the total number of species examined.!

Food of Myctophum orientale

Copepods were the most abundant prey, being found in 27 81.8 percent! of the 33
stomachs. The order of abundance was Oncaea, Calanus, Paracalanus, Euchaeta, Eucalanus
and Vndinula. Larvae of shrimps and crabs, micronektonic shrimps, ostracods, euphausiids,
appendicularians, and amphipods were also taken by the fish. Six of the 33 stotnachs were
empty Figure 2!. The average index was calculated as 0.89, which was lower than in M.
nitidulum. The food intake of M. orientale was 0,0095g wet weight per stomachon the
average, That of M. nitidulum was 0.0107 g/stomach Figure 3!

It is notable that the stomach contents of the epipelagic lanternfishes, M. nitidulum and M.
orientale, were characterized by a higher percentage of copepods and a diverse species com-
position.

Food of Diaphus suborbitalis
Copepods were most abundant in the stomachs, being found in 407 1,3 percent! of the
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Figure3.  Percentageompositionfstomacleontenindexoftwo epipelagispeciesflanternfishéa Suruge
Bey, Japan.

571fish.Among22generaf copepodsbundancevasin thedescendingrderof Calanus,
Oncaea,Eucalanus,and Euchaeta Figure 4!. The stomachcontentindex frequencydistribu-
tionindicatedhatthe clas9.201-0,40@vashigh 7,4 percentlindicesofthe classefrom
0.801to 5.800 accountedfor lessthan 5 percentof the total. The averageindex was0.86. The
weight of food per stomachwas 0.0126 g on the average Figure 5!.

Copepodswere mostabundantlytakenin the three seasonsn 1976and 1977. It was found
that euphausiidswere abundantly taken in the spring of 1977 Figure 6!. This resultedin a
highfrequencyfhighvaluesfstomacleontenindicesAverageseasonatomackontent
indicesvere0.3099,0.7472and1.2297in springof 1976 fall ofthe sameyearandspringof
1977, respectively Figure 7!.

Food of Benthosemapterota

The mostdominant organismsin the stomachcontentswere copepods,occurringin 246

4.7 percentbfthe 380stomachslwenty-fiveof the 380stomachwereempty.Copepods
occurred in the descendingorder of Oncoea, Calanus,Eucalanus,Kuchaetc,and Candacia
Figure 4!. In the frequencydistribution of the stomachcontent index, the class0.001-0,200

was highest 6,3 percent!. Indices of the classesfrom 0,601 to 5,800 accountedfor lessthan
5 percent of the total. The average index was 0.74. The weight of food per stomachwas
0.0078 g on average Figure 5!

Therewasno greatvariationin speciegompositiowith seasondyuteuphausiidaere
abundantlyakenin the springpof 1976and1977 the percentagevasparticularhhighin the
latteryear Figure8!,In 1975and1976stomacltontentndiceshighetthan1.800werecom-
pletely absent,but in the springof 1977 a large nutnber of fish had high stomachcontentin-
dices.Average seasonalstomachcontentindiceswere 0.2159,0.4374,0.1884. and 2.3928 in
the fall of 1975,springandfall of 1976andspringof 1977 ,respectivelyFigure9!.

The averagestomachcontentindex ana weight of food per stomachof Diaphussuborbitalis

.86, 0.0126 g!was slightly higher than in Benthosemapterota .74, 0.0078 g!.
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Figured.  Percentageompositionof stomacltontent of two mesopelagispeciesflanternfishescollectedin
SurugaBay,Japan.Percentage baseduponthetotalnumber of speciesexamined.!

Figure 5, Percentage compositioo of stomach content index of two mesopelagic species of lanternfishes in
Suruga Bay, Japan.
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Figure6. Percentageompositionf stomackcontent  of Benthosemapteroto collectedn Suruga Bay in
1975-1977.

Figure 7. Percentagecomposition of stomach content index of Benthosemo pteroto collected in Suruga Bay in
1975-1977.
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FigureB.  Percentageomposition of stomach contentof Diophus suborbitchscollected in SurugaBay in
1976-1977,

Figure9.  Percentagecompositionof stomachcontenindex of Diophussubarbitcgscollectedin SurugaBayin
1976.1977.
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Both mesope agicspecies,D. suborbitalis and B. pterota, prey on similar numbers of
copepodsbut the speciesnumbtlir of copepodsvasremarkablyhigherin D. suborbitalighan
in B, pterota, The stomachcontentweight in thesernesopelagidanternfisheswasgenerally
lower than in epipelagic lanternfishes.

Fromtheir trophic relationships,lanternfishesin SurugaBayare seento be positionedbe-
tween zooplankton, such ascopepods, sergestid shrimp, euphausiids, etc., and fishes such as
the lancefish, Aiepisaurusferox, the cutlassfish, Trichiurus lepturus, and the anglerfish,
Cryptosarascousei.Figure 10 illustrates the suggestedpathways of the food web in the
marine ecosystem of Suruga Bay Kubota, 1973!. In offshore areas skipjack, tuna, salmon,
and marine mammals are known as voracious predators of lanternfishes, As there is no
estimateof predation pressureof fishesat higher trophic levelson the lanternfishes,nor of
feeding pressure of lanternfishes on zooplankton, the figure deals only in qualitative terms,
but the important role of lanternfishesin the marine food web can be understood.

Link t
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Figure10, Diagramof suggestedood webin SurugaBay basedon the stomachcontentanalysisof lancet ish.
After Kubota, 1973!.

A Nate on Human Utilization of Lanternfishes

According to the fishery statisticscompiledby FAO 979! a speciesf lanternfish, Lam-
panyctodes hectoris, is landed by fishermen on the west coast of South Africa, Landings
totaled 15,200tons in 1972and 42,400tons in 1973, decreasing to 87to 5,650tons from 1974
to 1978. Ahlstrom, et al, 976! reported that this fish contains fine quality oil.

In Suruga Bay, 18 species of ianternfishes are caught incidentally by seine nets in the
sergestid fisheries Kubota, 1980 MS!. The dominant species are Diaphus suborbitalis, Bert-
thosemapterota, Diaphus garmani, Lampanyctus nobilis, and Diapltus watasei. Although the
lanternfishes are not sold on the market, local fishermen utilize large-sized species such as
Diaphus gigos, Diaphus sagamiensis, and Diaphus watasei for food. After removal of the
viscera, the fish are dipped in soy sauce and/or mirin, then preserved by drying. In the
mediuln-sized species, Diapbus suborbitalis, the head is removed and the body is processed
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intodumplingsandprepareds friedfish,i.e.,tempuraor servedsaningredienin miso-
soup Benthosenmerotadoesot tastegoodandis notutilized,Speciesf Ceratoscope]us,
Lampanyctusand Notoscopelusavewatery flesh and inferior taste.
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Table 1. Composition of amino acid test diet for coho salmon.

Amino acid mixture* 36.2%
Dextrin 16,0
Cellulose powder 23.3
Vitamin mixture 4.5
Mineral mixture 6,0
Mixed oil corn 2: cod 1! 9,0
Carboxymethylce!lulose 5.0

'L-Agr 2.0, L-His 1.0, L-lle 1.9, L-Leu 3.1.,L-Lys. HCI 3.7. L-Met
1.0,L-Phel.7.L-Thr1.9,L-Trp 0.5, Val 2.3,L-CysD.6,L-Tyr1,5,
L-Ala 2,9, L-Asp 3.1, L-Glu 4.1, L-Gly 0.9, L-Pro Z.Dand L-Ser 2.0.

crudeprotein N x6.25hftera preliminargxperitnenffoadjusthepH valueof thediet,a
necessarmyuantityof 25percenNaOHwasaddedothewaterbeforamixingwith dryingre-
dientsandthe diet wasadjustedo pH 6.5to 7.0.Theingredientsverewell mixedand
pelleted.Dry diets were usedin this experiment.

Results and Discussion

The resultsaf the feedingexperimentare shownin Tables2 and 3, and Figure 1.

Table 2. Results of feeding experiment for essential amino acid of coho salmon  weeks!,

Deficient amino acid Control Arg His lle Leu Lys Met Phe Thr Trp Val
Average body wt.[gl Start 2,90 291 297 289 3DO 302 3DD 296 269 292 296
Final 3,97 261 3.01 286 282 287 288 286 278 276 275
Daily growth rate %/day! '1.12 -0.39 0.05 -D.D1-0.22 -0.18 -D.15 -0.12 -0.14 -0.20 -0,14
Feed eff>cadencyo! 42.0 3.3
Mortality 5! ‘1.8 00 01,8 00 00 00
Feeding rate %/day! 2,62 1,71 150 1,46 '1,73 136 146 147 133 139 148
Deficient amino acid Cys Tyr Ala Asp Glu Gly Pro Ser
Average body wt. g! Start 293 293 293 289 296 293 292 291
Final 4,04 4.06 4.17 4.11 4.06 4.05 4.09 4.05
Daily grOwth rate SS/day] 115 116 1,26 1.26 1,13 116 1.20 1.18
Feed efficiency %! 457 46.3 47,3 46.3 415 43.7 46.4 439
Mortality %! 00 1,8 018 16 00
Feeding rate w/day! 258 248 261 270 2,70 2.75 257 267

Table 3. Results of recovery test  weeks!.

Deficient amino acid Control Arg  His lle Leu Lys Met Pbe Thr Trp Val
Average body wt, g! Start 3.97 261 3,02 288 282 286 289 287 278 277 275
Final 4.64 3.08 342 3,38 3.40 336 324 346 336 3.29 324
Daily growth rate sa/day! 1,11 '1.16 0.89 1.14 1.34 '1.15 0,82 1,34 1,40 '1,23 1.17
Feed efficiency %! 31,5 40038 143 557 644 029 2 48,2 49.0 47.8 427
Mortality %! 1.8 00 01.8 01.8 36 00 0
Feeding rate %/day! 3.52 291 232 261 260 264 286 2,75 275 26'1 274

The fish on diets deficient in each of arginine, histidine, lysine, isoleucine, leucine,
methionine, phenylalanine, threonine, tryptophan and valine showed a loss of appetite in
three to four days and retarded growth at the end of two weeks, Remarkable differences in
the average body weight of these groups and that of the basal diet group were observed at the
end of fotlr weeks. All tho groups of fish showing a retarded growth were given the basal dict
for two weeks. In the recovery test, the fish recovered their normal appetite within two to
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three daysand showeda rapid recoveryof growth.

These results clearly indicate that coho salmon fingerlings require ten amino acids:
arginine, histidine, isoleucine,leucine, lysine, methionine, phenylalanine,threonine, tryp-
tophan, and valine, as essentialfor normal growth, On the other hand, the fish receiving
dietslacking eachof alanine,asparticacid, cystine,glutamic acid, glycine, proline, tyrosine,
andserineshoweda growthcomparableo that of fish onthe basaldiet, indicating that these
amino acids are nonessential.

By using an amino acid testdiet, the amino acids essentialfor the growth of cohosalmon
fingerlings were clearly postulatedto bethe sameasrequiredby other salmonids Halver, et
al., 1957;Halver and Shanks,1960;Shanks etal., 1962! channelcatfish Dupreeand Halver,
1970!, eel Arai, etal., 1972!,and carp Nose, et al., 1974!.
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Shellfish Aquaculture in the Pacific Northwest
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Introduction

Shellfiskculturein the Stateof Washingtobegarabouta centuryagowhenearlysettlers
wereencouragetb selecintertidallandsfor oysterculture. TheBushAct, enactedby the
legislatureprovidedhatsuchareasouldbeheldasprivatelandaslongastheywereused
for oysterculture.Later,the BushAct wasamendedo providea cleartitle to suchlands
uponpaymenbfa modedieto thestate About60percenpfthetidelandsn Washington
statebayswerepurchasedby privateindividualsbeforethe legislaturgrohibitedthis in
1974.

During the early days, Oregonand California permitted purchaseof intertidal lands in
coastabaysalthougho a lesseextenthanin Washingtori.easingf statetidelandsand
subtidabottomdor cultureof shellfishis still permittedn.WashingtorQregonCalifornia,
andAlaskaln additionthewatersurfaceandthewatercolumnarealsoleasedby all four
states for aquaculture,

The availabilityof spacen the coastakonehad permittedargescaledevelopmendf
shellfishaquaculturen thePacificcoasstatesln contrastit is extremelylifficult to obtain
privatecontrolovertidelandsonthe U.S.Atlantic coastwherestatdawsgenerallypermit
the public useof beachedo the high tide level. However,mosteasternand Gulf of Mexico
statesleasethe water column and subtidal bottomsfor aquaculture.

Oyster culture beganin Washington state with the harvestingof natural stocksof the
nativeOlympiaoyster Ostreriuridain areasvherenaturalsettingorovidecadequatseed.
Subsequentlythe stateestablishedeedoysterreservesn certain areaswhereconsistentset-
ting occurrecandpermittedgrowergo transplanseedo privatebedsuponpaymenbf a
modestee.Thisencouragethe expansiownf oystercultureandledto the developmeruf
method$or increasingettingon privatebeddy providingsubstancesuchascleanoyster
shellsor concretecoveredcardboarcdr woodto which the oysterlarvaecould attach.
Aquaculture in the Pacific Northwest was also encouragedby the introduction of exotic
speciessuch as the easternoyster Crussostregirginica!,and the Japanes®yster
Crassostreagigas!.

Clamcultureon the Pacificcoastvasalsoencouragelly increasediemandindlimited
supplyFomanyeard waspossibl®purchase licensatheStatefWashingtaodig
clamscommerciallpn stateownedidelandsThis practicewasterminateciboutl 5years
agoasmostof the suitabletidelandswere privately owned or leasedfrom the state,A clam
farmlicensas nowrequiredandthispermitghecultureandharvestingf clamsonprivate-
ly ownedor leasedands, The Stateof Oregonstill licensescommerciatlamdiggers,

291



although the areasavailable for harvesting are restricted and the clam populations are
generallytoo low to support much beyondrecreationaldigging.

In Alaska,there are large quantities of clamson public intertidal beacheshowever,the
commercial harvest of these stocks is severely limited asmany areasare affected by the toxic
dinoflagellateGonyaulaxwhich causesparalytic shellfishpoisoning.As a result, the
amount of natural clam stocks taken is extremely limited.

The following sectionswill discussthe statusand potential expansionof oyster, clam,
mussel, scallop, shrimp and freshwater crawfish aquaculture.

Oysters

Background
Oygstercultureon the Pacificcoastbeganwith Washington'sativeor Olympiaoyster

Ostredurida!.Thissmalloysterwhichreaches maximunsizeof 65mmin diameterre-
guiresaboutfouryeargo reachcommerciasize.lt is grownin dikedareasvherethebeds
arecoveredywaterevenat low tide,andarethereforgrotectecggainstrasticseasonal
temperaturechangesThis type of cultureis very labor-intensiveresultingin curtent
wholesalg@ricesof $120o $150per gallonof shuckedneat.Smallquantitief Olympia
oystersare still producedn the southerrpart of PugetSound Washingtonfor gourmet
restaurants.

Morethan 50 yearsago,the easterroyster,Crassostrearginica,wasintroducednto
severalareasof Washington,Oregonand California,'"however,sustainingpopulationswere
not establishedAquaculturef this speciesprimarilyin Californialcurrentlyconsistof
transplantingnarket-sizedystershippedromtheAtlanticcoastto localwatersfor short
periodsof time before marketing.

ThePacificoysterCrassostreggaswyasfirstintroducedo the Pacificcoasbfthe United
Statedrom Japann the early 1930slt adaptedwvell andis now the principal marketed
specien the westcoast.For manyyears the industrydependedipon seedimported
annuallyfromJapanin 1978howeverpystersettingn Japamwaspoorandlocaldemand
wasgreat)eavingno seedvailabldor exportto the UnitedStatesSincehattimetheprice
of Japanesseedasincreasegreatlyin responseo the highdemandindchange the
valueof theyenandthe U.S.dollar,thusmakingthe costof importedseedorohibitive.

Fortunatelygysteiseedcapbecollectedn HoodCanabndWillapaBay Washingtoand
Pendrell Sound, British Columbia where setting occurs during warm summers. However,
seedrom naturalsettingis notadequatéo supportheindustry's~eedsAs a resultcom-
mercial hatcheries have been built and are now successfully producing seedoysters at com-
petitive prices.

Present Status

Culture methods:The high tidal range feetto over 20feet!on the Pacific coastexposes
largearea®fintertidallandatlow tide.Manyoftheseareashavesuitablesubstratefor on-
bottom oyster culture.

Off-bottomculture usingrafts, racks,or stakehasbeentried at variouslocationsin-
cludingsoutheriPugeSoundWashingtoandHumboldBay Californialn generathese
culture methods have been rejected becausethey are more expensivethan on-bottom
culture.lt isimportanfor oystergrowergo minimizeproductiorcostsbecausef thelow
profit margin involved in Pacific oysterculture.

Off-bottom culture is still usedin YaquinaBay and CoosBay, Oregon,and TomalesBay,
and DrakesBayin California.Raftcultureis usedat YaquinaBaybecausef the lack of
suitable intertidal beds and the availability of protected estuarine waters. Stake culture
techniqueareusedn theintertidalbedsn CooBayOregorandTomale8ay California,
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areaswhich are generally too soft for on-bottom culture. In this system, wooden stakes four
to five feet long are inserted into the substrate at about three foot intervals, Several large
oyster shells with attached spat are tied to each stake, The accelerated growth rate and ex-
cellent quality which leads to higher market demand tend to offset the additional labor cost
of this method of culture.

In both Tomales and Drakes Bay, California, oyster shells with attached spat are sus-
pendedfrotn long fencesor racksfour to five feethighlocatedin the lower part of the inter-
tidal zone. This method increases the growth rate and also protects the oysters from
predatory bat rays Hoiorhinus cabfornicus!. Although a relatively small portion of the west
coast oyster production comes from off-bottom culture, these methods hold great promise
for the future when suitable intertidal beds are fully utilized and when the price of oysters
increases to a level which will permit increased production cost.

Procedure: Seedattached to oyster shells is obtained from japan, natural reproduction in
Washington or British Columbia, or from west coast hatcheries. The seed is generally
planted on-bottom, sometimes directly on the growing beds and sometimes in gravel
[nursery! areasfor the first year and then transplanted to the growing beds, Individual seed
oysters produced in hatcheries require growth in screen trays until large enough to be
planted on-bottom.

Growth varies generally with the latitude ranging from lessthan two years to market size
in California, two to four yearsin Oregon and southern.Washington, and four to six years in
northern Washington, Canada and Alaska. During the growing period the oysters require
certain care including separation of clusters, thinning, and re-laying on "fattening” beds. In
addition, it is necessaryto control predators such as starfish and bat rays, in certain places.

Harvesting is accomplished by three general methods: 1! retnoval of oysters from intertidal
bedsat low tide by hand, 2! use of drag bag! dredges at high tide, and 3! by use of hydraulic
escalator! dredges at high tide. Oysters grown in off-bottom culture systems are harvested
by hand or by mechanical systems.

Location: Pacific oysters are grown in the four U.S. statesand in British Columbia with
highest production in Washington and lowest production in Alaska. The locations of com-
mercial oysterbedsin Washington,Oregonand California are shownin Figures1, 2 and3.

The areas now used for oyster culture are shown in Table 1.

Table 1, Tidelands in acres usable for oyster culture in Washington, Oregon and California,

State Total Area Area in Production
Washington 42,000 16.000
Oregon 4,000 1,350
California 17,150 2,120
TOTAL 63,150 19,470

Processing and marketing: About 90 to 95 percent of the Pacific oysters are shucked and
marketed as a fresh or frozen product. The oysters are sorted into standard market categories
and packed in various size containers as shown in Table 2.

Table 2. Pacific oysters, standard market categories.

Size No/10 oz No/pt. No/Vagal. No///10 No/gal.

Large 4-5 6-8 26-32 36-48 51-64

Medium 5-8 8-12 32-48 48-72 64-96

Small 8-12 12-18 48-72 72-108 90-144
Extra Small 12-18 18-30 72-120 108-180 144-240
Yearling 18-23 30-38 120-150 180-228 240-300
Cocktall 23+ 38+ 150+ 228+ 300+
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Figure 1. General location for commercial harvest of adult Pacific oysters, commercial hatcheries, research lab
and hatcheries, and areas of natural seed catches for the State of Washington.
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Figure 2. General location for commercial harvest of adult Pacific oysters, commercial hatchery and research
hatchery for the State of Oregon.
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Figure 3. Generallocation for commercial harvestof adult Pacific oysters,commercial hatcheriesand research
lab and hatchery,

About 5 to 10 percent of the Pacific oystersare marketedin the shell for shuckingby the
consumeror for the half-shelltrade, butthere is a growingacceptanceof Pacific oystersasa
half-shell product. Demand is especially high for oystersgrown off-bottom or on a hard
substrateas thesestocksare reportedto have a milder flavor than oystersraisedon muddy
bottolns,

Most of the oystersare channeledthroughmajor distribution centersin Seattle, Portland,

San Franciscoand Los Angeles, About 60 to 70 percent of the Pacific coastproduction are
marketed in the Pacific coaststates.Recentwholesaleprices of shuckedoystersin Seattle,
Washington, are shownin Table 3.

Table 3.  Wholesaleprices, June 1960,*

Container
Market Category 80z 10 oz Pint Quart Half Gal. 110 can
Large 6.60
Medium 1.03-1.04 1.22-1.25 1,90-1.97 3.80-393 7.90 11.10-11.85
Small 1.16 1.26-1.39 2.06-2,25 4.45-4,47 8.90 12.85-13,47
Extra Small 1.29 1.54-'1.55 2.44-2,50 5.00-5,01 950-10.65 14.60-15.10

In shell - $0,13 each
'National Marine FisheriesService

Oyster priceshave increasedgradually alongwith inflationary trendsbut have yielded lit-
tle additional return to the producer seeTable 4!.

Productionand trends: The United Statesis the largestoyster producingand consuming
country in the world. The U.S. consumes 56 percent of the world's total annual production,
or about 77 million poundsof oyster meat each year. Currently the U.S. producesabout 50
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Tabled. Wholesalpriceof shuckedPacificoystersCrossostreggosn SeattléyWashingtorgostindexaod
oyster price adjusted to 1958 base,

Year Oyster Price Cost Index Oyster Price Adjusted to 1958 Base
Dollarsigai Implicit price deflator Doll are/gal

1958 4,10 99.97 4.10
1959 4.00 101,66 3.93
1960 4.10 103.29 3.97
1961 4.80 104.62 4,59
191B2 4.'75 105.78 4.49
1963 4.50 107.17 4.20
1964 4,50 '108.85 4.13
1965 4.55 110.86 4,10
1966 5.75 113,95 5.05
1967 6.75 117,59 5.70
'1968 6.75 122.31 5.52
1969 6.75 128.11 5.27
1970 6.75 134.86 5.00
1971 6,50- 7,50 'i42.11 4.57-5.28
1972 7,00- 8.00 148,00 4.73-5.41
1973 8.83- 9.98 156.58 5.64-637
1974 1042-1145 171.71 6.94.6.67
1975 10.20-11.60 188,23 5.42-6.16
1976 10.50-11.83 198.14 5.30-5.97
1977 12.40-1450 207,97 5,96-6.97
1978 12,90-'16.27 225.03 5.73-7.23
1979 14,80-1880 247.37 5.98-7.48

million poundsof oystergperyearandimportsmorethan20million poundsAlthoughthe
per capita consumptionof oystersin the United Stateshas decreasedduring the past 20
yearsthe currentdemands strongandanincreasindgrendof consumptiomppearpro-
bable.

PealoysteproductioronthePacificcoasbf morethan10millionpoundsvasreacheh
1954 to 1956 Figure 4!. Since 1965, production has remained between 4 and 7 million
poundof meatThedecreasa productiorfollowingthe 19540 1956eakwasa resulbf
increasingimportation of lower priced cannedoystersfrom Japanand Korea;U.S.canners
could not competewith imported goodsand therefore curtailed their production.

Problems

Seedsupply:The developmenbf the Pacific coastoysterindustrywasbasedon the
availabilityofreasonablgricedseedromJapanRecentijnowevertherehavebeersetting
failuresandincreasetbcaldemandn Japanandchanges thevalueoftheyenin relation
tothedollarwhichhaveincreasethecostof seedleliveredothe UnitedStateby a factor
of three.Sinceit is no longereconomicallyeasibleo import seedfrom Japangrowers
dependuponhatcheriesand naturalreproductionNaturalreproductioroccurssporadi-
cally resulting in the needfor expansionof hatchery production,

Predator control: The accidentally introduced Japaneseoyster drill, Ocenebrainornata
formerlyknownasTritonaligaponicahasbeerresponsibléor oysterstockiosse®f upto
90 percent in some areas. Some control is achieved by collecting the egg casesbefore hatch-
ing and by careful oystering practices. Starfish are moderatelyseriouspredatorsin some
areas,but can usually be controlled by collectingthem at low tide. The batray Ho'arhinus
californicuswhich isa seriougpredatoronly in California, canbe controlled by fencingor by
utilizing off-bottom culture.

Paralytic shellfish poisoning: Blooms of the dinoflageilate, Gonyauia7rProtagonyauias!
cataneHa,occur periodically along the Pacific coast, usually during the summer. Oysters can
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Figure 4. Production of Pacific oysters in Washington, California, and Oregon.

becoméoxicwhenbloom®ccurin oysterproducingareasStatenealthagenciesarefully
monitor and closeall harvestingn areasaffectedby the toxin. Historically,paralytic
shellfishpoisoningPSPdccurrednlyalongheocearcoastentrancet coastabaysand
the Straitsof Juande Fuca.Howeverduringthe pastthreeyearsGortyaulakloomshave
occurredn northernPugeSoundresultingn closure®f shellfishharvestingsfar south
as Seattle. PSPcan adverselyaffect the overall shellfish market; however,the effect on the

oystermarketis low becauseoystersare generallymarketedduring the winter when PSPis

absent or infrequent.

MarketsSincetheproductiorof Pacificoysterss entirelyfromprivateaquaculturegro-
ductionis generallyadjustedo meetthe marketdemandHowevertherearefew if any
industry-wide efforts being madeto developor expandthe current market. _

Watemuality Thestatehealthagenciesertityareasassafefor shellfistharvesting
accordingo federalguidelinesin generalwestcoastcitieshaveupgradedheir sewage
treatmentsystemstherefore,it is unlikely that areasnow usedfor oysterculture wijlbecome
contaminated.Furthermore, current emphasison water quality by the Environmental Pro-
tection Agency as well as state and local agencies has reduced the threat of increased in-
dustrial or domestic pollution.

Potential for Expansion of Oyster Culture

Thereis goodpotentiafor restoringvestcoasbystemproductiorto the 10million pound
levelof 19540 195@hroughuseof currentculturetechniques unutilizedareasWhen
adequateethecomewailablendvherdemanihcreasesufficientiyheapplicatioof
off-bottommethodsouldeasilyexpandroductiorto morethan20million poundf meat

per year.
Clams

Background

Abundant clam resourcesoccur naturally alongthe coastof the United States,and clam
harvestingprovidesemploymenfior morefishermerandvesselthananyotherU.S.com-
mercialfishery Ritchie, 1977Morethanl4speciesf clamsarecommercialljyarvesteth
18stateshoweverthehardshelisoftshellsurf,andoceamuahogccountor 99percenof
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the volume and dockside value. The hardshell clam fishery includes the genus Mercenaria
which composes 96.5 percent of all landings. Several other Pacific coast species are respon-
sible for the remaining 3.5 percent. The surf clam, Spisula soirdissima, has accounted for up
to 69 percent of the volume and 25 percent of the dockside value of the U.S. clam landings in
the past but production has decreased recently. The softshell clam, Mya arenaria, accounts
for 12 percent of the volume and 20 percent of the dockside value, The ocean quahog, Arctr'ca
islandica, accounted for 1 percent of the dockside value in the past, with increased landings
recently.

Clams are harvested largely from publicly owned intertidal or subtidai beds. Lessthan 10
percent of the U.S, supply results from private aquaculture. The following five Pacific coast
species have potential for aguaculture:

1! The Pacific butter clam, Saxidomus giganteus.

2! The Pacific native littleneck clam, Protothaca staminea.

3! The Pacific Manila clam, Tapes semidecussata Venerupis japonical.

4! The Pacific geoduck, Panapea generosa,

5! The softshell clam, Mya arenaria.

Private clam culture has developed less rapidly than oyster culture because of the large
supplies available from wild stocks, inability to efficiently collect seed from natural
reproduction,lackof hatcheries until recentyears!,andthe high seedossesrom predation.
Eventodaythere are few clam farms utilizing hatchery-rearedseedclamsand controlling
predation. Clam farming proceduresconsist principally of periodic harvesting of those
clams which reach commercial size. The total clam production from the State of Washington
comes from privately controlled bedsand is, therefore, considered a product of aguaculture;
although a primitive  form.

Present Status

Clam farming on the Pacific coast is either intertidal or subtidal. Native littleneck, butter,
Manila, and softsheH clams are harvested by hand digging from intertidal beds. Native lit-
tleneck and butter clams are also harvested from subtidal beds by hydraulic escalator
harvestors. Geoducks and the associated horse or snow clams Tresus nuttallt and Tresus
capax! are harvested from subtidal beds by scuba divers using suction devices.

The shellfish teaching staff and students of the University of Washington, College of
Fisheries have developed methods of protecting seedfrom predators until the clams reach a
large enough size to avoid predators Miller, et al., 1978!. These methods are now being
utilized on a commercial scale by the Squaxin Indian tribe in southern Puget Sound and by
Webb's clam farm on San Juan Island. If these methods continue to be successful, clam
culture especially culture of the Manila clam! could be upgraded to the sophisticated levels
of oyster culture.

Location: The highest level of clam culture on the U.S. Pacific coast occurs in the State of
Washington where more than 60 percent of the intertidal land is privately owned. There are
also small intertidal areas in Oregon and California, suitable for clam culture, which are
privately owned or controlled.

Clam farming has not yet developed in Alaska because of the large quantities of
unharvestable wild stocks and the problem of paralytic shellfish poisoning.

Processing and marketing: Most of the native littleneck and Manila clams, and about half
of the softshell! clams are marketed in the shell for use as "steamer" clams. Butter clams are
usually shucked and sold fresh, frozen or canned for restaurant useor for retail sale. Some of
the softshell clams are also shucked and sold fresh or frozen to restaurants, Both geoducks
and horse snow! clams are shucked, cut into steaks and frozen, mainly for export to Japan.

The price of clams varies with species and size. Native littleneck, Manila, and softshell
clams marketed in shell will sell for $0.60 to $0,75 per pound at producer level and $1.25 to
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$1,50per pound at the retail level. Clamswhich require processing suchasthe butter clam,
bring aslittle as$0.15per poundto the producer.Geoducksarepriced at$0.50per poundin
the shell, $0.85per pound minced,and$2.75per pound assteakst the producetevel. Live
softshellclamsfor steamerswvere priced at $38,00per bushelin October1979;breadedand
frozen softshellclamssold for $2.75per pound at the processor'splant.

Productionandtrends: Thetotal U.S.clam aquacultureproductionin 197 7was 96 million
pound®fmeatrepresentingbou29percent  of the world'dandingsAquaculture produc-
tion in 1973was 2.6 million poundshput has increasedto morethan 7 million pounds
becauseof the increasedharvestingf subtidaclamstocks in Washingtonin generathe
demantbr clamss higherthanandingsfavailable wild stockqroviding goodppor-
tunity for further development of clam aquaculture.

Problems

Seed:Only Manila clam seedis available from west coasthatcheriesand quantities are
limited.

Seedproduction: Experimentalplanting of 1.5mm hatchery-producedseedhasresultedin
high lossedrom predation,wavesor currents,Seedclamslargerthan 1 crnin lengthareable
to burrow into the substrate therefore avoiding predatorsand the effects of water move-
ment,However, rearingseecclamfthissize hasprovertoocostlyResearch attheCollege
of Fisheriebasshowrthatsmallerlessexpensivelamamaybesuccessfullytilizedif they
arecoveredithplastimesh netting.Themeshnettingis beingtestednlarge-scapgant-
ings,If successful, this methodshouldgrovide a goodbasisforexpandinglamculture.

ParalytishellfistpoisoningZlamslikeoysters,  ingestthe toxic dinoflagellat€onyaulax

ProtogorryoulaxgateneJlanakingthem unsafefor humanconsumption.This isa majorpro-
blemin Alaskaandin coastalatersof WashingtorQregonandCaliforniaStateagencies
monitobeachef®r the presencef PSP Closureism Washingtonprimarily restrictthe
harvestingf clamsduringthe summeatthe entranceo coastabaysjn the Straitof Juan
de Fuca,and recently in PugetSound.

WaterqualityAreassuitable for clamcultureare certifiedby stateagenciesitilizing
federalguidelinesConstanimprovemenof pollution controlsalongthe westcoastin-
dicatesa generaltrend toward improving water quality.

Potential for Expansion of Clam Culture

A goodmarketexistsforall clamspecieand pricesare increasingNew farmingtech-
niguesandthedevelopmermfadditionahatcherieshouldnake it possiblefor clamculture
to continue to expand, providing tidelandsare availableand the necessarypermitscan be
obta in ed.

Mussels

Background

Musselsgrow naturally in many areasthroughouhe world and area major seafooditem
in manycountriesThe principalspecies in Europeand North Americais theblue mussel,
Mytilus edulis.Worldwide landingsof this speciesare about400thousandnetric tonsin the
shell. Themajorproducer®f musselare:SpainNetherlandstanceDenmarlGermany,
the United Kingdom, and the United States.

Mussetulture begarasearlyasthe 13thcenturyn EuropeMason1971and  highly
effective culture methodsare usedin many Europeancountries.

Mussetulture in the UnitedStatesis inits infancy.Researcheendprivateompanies
haveengageih mussetultureforabouseveryearsandcurrently therearesixcommercial
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mussel farms in the United States. four in Maine, one in Rhode Island and one in
Washington.

Present Status

Methods: Raft culture methods in the United States are based on those used in Spain.
Spanish production rates as high as 50tons of meat per acre per year have been reported by
Mason 971!, This is approximately 200 times greater than yields from any other type of
husbandry in which animals are grown without supplementary feeding.

Raft culture consists of hanging ropes from floating platforms from early spring through
the summer when seedmusselswill seton the suspended ropes. In years of good settlement,
the ropes will be covered with spat seedmussels! by the end of July and continue to grow un-
til the following spring at which time wooden dowels, about four inches in length, are
pushed into the lay of the rope at 90'angles, at intervals of 12to 18 inches. This prevents the
heavy mussel clusters from sliding down the ropes Lutz, 1974!, By the next autumn, a large
number of mussels will have reached marketable size two inches or greater in length! and
can be removed from the ropes, Mussels which are too small for marketing can be reattached
to the ropes or placed in long narrow mesh tubes and returned to the water for further
growth.

Locations: The blue mussel is widely distributed in the northern part of the United States
and could be cultured in bays or estuaries where rafts could be anchored in protected waters.
The surface area used for mussel culture is approximately 60 acresin Rhode Island, 14 acres
in Maine and 5 acres in Washington.

Processing and marketing: In the United States, mussels are sold live in the shell. In
Europe where production is extremely large, mussels are sold fresh, pickled, and more
recently as frozen, cooked meats. Although the market for musselsin the United States has
been very small, pubiic interest has increased considerably. Mussels in the shell are being
sold at retail for $1.00 to $2.00 per pound.

Production and trends: The total annual harvest from the six U.S. mussel farms
approaches 125 metric tons ,000 bushels! but production is expected to increase rapidly.

Problems

Demand: The market in the United States for mussels historically has been limited to
ethnic groups from countries where mussels are an accepted food item. For many years
small quantities of natural mussel stocks were harvested in New England and sent to New
York where they sold at $0.50 to $1.00 per bushel.

On the Pacific coast the demand for mussels has been somewhat limited by paralytic
shellfish poisoning problems. Recurring summer blooms along the coast of Washington,
Oregon, and California have resulted in public apprehension concerning the product. More
recently mussels have become a popular gourmet food item and demand is increasing,

Paralytic shellfish poisoning: Mussels, like oysters and clams, can become highly toxic
after ingesting large quantities of Gonyoulax Protogonyoul!ax!. Recent outbreaks of "red
tide" in Puget Sound have stopped shellfish harvesting for extended periods of time during
the summer and early autumn. Although mussels can be harvested safely during the winter,
the negative publicity related to PSP outbreaks can adversely affect the market.

Predator control: Diving seaducks, primarily scoters, find mussel farms extremely attrac-
tive. Large numbers of seaducks have been reported to strip most of the smaller mussels less
than 25 mm in length! from culture ropes and tubes. Growers have used various sound
devices to discourage the ducks but to date none has proven successful,

Seed: Although seed mussels can be obtained from natural reproduction in many areas,
setting varies in intensity from year to year. In such cases it may be necessary to produce
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seedrnusseldn hatcheries, Techniquesfor larval culture havebeendevelopetut havenot
been applied in commercial operations.

Potential for Expansion of Mussel Culture

Thereis muchoptimismatthistimeconcerninghepotentiabf mussetarming Thereare
no major problems which would prevent large-scale production; however, the extent of the
market is unknown.

Scallops

Background

Atlantic coastseascallop,Plocopectemogeiianicuslandingshaverangedfrom 27 million
poundsof meatin 1961to 6 million poundsin 1973,and 31 million poundsof meatin 1978.
Theweathervanscallop Patinopectetourinuspccursin moderat@abundancelongthe
Pacific coast fram Alaska to Humboldt Bay, California. Annual harvests of weathervane
scallops are lessthan 1 million pounds of meat.

The recentincreasein priceshasraisedthe questionof the potential of scallopsfor com-
mercial aquaculture,Researchin Virginia hasdevelopedhatchery culture methodsfor the
bayscallopAequipectdrmrodiansandcommerciatultureis plannedor shallonbayareas
of easterrMarylandandVirginia, If theseventuregrovesuccessfubay scallogulture
techniques could be applied asfar north as Massachusetts.

Although larvae of the Atlantic seascallophavebeenrearedin the laboratorytherehas
beerlittle interesin farmingthisspecietue toabundastockandower markepricedn
Japanhowevera similaiscallopPotinopecteressoensisasbeernraiseccommerciallyor
a numbeofyearsMethod$avebeerdevelopedor collectinghaturallproduceseed by
placing used nets inside of onion bagsand suspendingthese off-bottom in areaswhere
scallogeabundant. Thepelagidarvaattachto thestrand®fthenetandyrowtoapprox-
imately 1 cm in diameter,then drop off the net into the bags,and are later removedand
transplantedto suspendedrays or cagesfor growth.

A substantahount of researclanddevelopmentlibe~cedetb provideanadequate
scientific basisfor seascallopculture in the UnitedStates. It appeardikely that someof the
methodsusedin Japancould be appliedo the cultureof the weathervanscallop.

Present Status

Thereis nacommercialaquacultureof seascallopson the U.S.Pacific coastatthe present
time. The WashingtorStateDepartmentf Fisherieshas recentlyreceivedfundingto
developculture techniquesfor the purple hinge scallop Hinnitesgigonteus!Researcherin
Californighavealsobeerrearinghisscallopunderexperimentatonditionsvith prospects
for commercial application,

Problems

Scallop culture in the Pacific northwest requires further investigation into appropriate
culture techniques,Large-scalgarming will require protectedbays;farmerswill need per-
mits for anchoring rafts, or use of long line systems.

Potential for Development of Scallop Culture

Thereappearsto be a high probability for developinguccessfaicallogulturein north-
ern PugetSoundwhere weathervanescallopstocksare now fished commercially, Although
a commercialfishery doesnot now existfor the purple hinge scallop,it mayalsadbe a strong
candidate for future cornrnercial fishery efforts. However, this will require a period of ex-
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tended research to be able to ascertain if commercial culture should be recommended.
Expansion of weathervane scallop culture into Alaska, which supports a large-scale fishery,
will require the development of culture systems suitable to the local environment, aswell as
additional knowledge concerning growth rates and survival.

Abalone

Background

Several species of abalone occur on the Pacific coast including the large red abalone,
Haliotis rufescens, which occurs from Bodega Bay, California to Mexico and the pinto,
British Columbia, or Japaneseabalone, Haliotis kamtschatkana, which occurs from southern
Alaska to Point Conception, California. This speciesis very similar to the Japaneseabalone,
Haliotis  discus hannah

A considerable amount of interest has developed in the aquaculture af abalone along the
coast of California and Mexico. There is also the possibility of culturing abalone in the
Pacific northwest by applying methods developed in Japan for culturing H. discus hannai.

In Japan, abalone are raised to asize of about 1.5 cm in prefectural hatcheries and sold to
fishermen's cooperatives at about half the cost of rearing them. The members of the associa-
tion plant the seedabalonealong the coastline in areas where there is an abundanceof kelp,
and harvest them two or three years later when they reach market size.

Aquaculture schemesin California are basedon a similar system; but with culture of seed
in private hatcheries and rearing of juveniles on leased subtidal areas. None of these ven-
tures has reachedcommercial viability ~ at this time.

Present Status

Several companies in California including Monterey Abalone Farms, California Marine
Associates, Pacific Ocean Farms, and Ab Lab have been developing culture techniques for
the red abalone for nearly ten years. Monterey Abalone Farms is the most advanced and
recently hasannouncedan expansionwhich will permit commercial scale culture.

Some information from British Columbia based research is available concerning the
growth, morphometry and breeding of the pinto abalone Quayle. 1971J.Recently the
Washington State Department of Fisheries has begun to investigate the prospects of cultur-
ing abalone and will soon establish testing grow-out sites in northern Puget Sound.

Problems

Although there is a substantial body of knowledge available concerning the culture of
abalone in California and Japan, a good scientific basis of culture information for the pinto
abalone is lacking,

Potential for Development of Abalone Culture

Culture of the red abalone in California is nearing commercial viability and could become
profitable in the near future due to the high consumer demand and market value,

There is a moderate potential for development of pinto abalone culture in Washington and
perhaps Alaska; however, this will require an extended period of research, development of
methodologies, and pilot scale testing.

Marine Shrimp
Background

The aquaculture of penaeid shrimp began in Japan when Dr. Fujinaga developed pro-
cedures for rearing the larvae of the kuruma prawn, Penaeusjaponicus, Now there are more
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than 20 shrimp farms in Japanwith the total pond capacity of over 150 hectares. From these
ponds more than 1,000tons of shrimp are produced eachyear, selling at prices of up to
$18,00 per pound.

Interest in marine shrimp aquaculture developed in the U.S, during the 1970s.Within the
lastten yearssomeresearchhasbeenconductedto determinethe feasibility of culturing the
spot prawn Pandalvs plotyceros! which occurs from Alaska to California. Spot prawns are
large, with fine quality meatbut are not asabundant as the stnaller pink shrimp Pandalus
borealis! or the penaeid shrimps of the Gulf of Mexico.

The spot prawn has characteristicswhich indicate that it may be a suitable speciesfor
aquaculture. It is the fastest growing pandalid shrimp, although its growth rate is slower
than that of many penaeids. It lives at salinities of 25to 30 ppt and temperatures of 2to 30'C
and adapts well to shallow water environments. It is gregarious and there is no significant
cannibalism, evenin crowded conditions. Adult breeding stock can be captured at depths of
30to 120metersandtransportedto hatcherieswith low mortalities. No seriousdiseasgorob-
lems have been reported to occur when these animals are in captivity.

Spot prawn larvae are easier to raise than penaeid shrimp larvae because of their ab-
breviated larval development,permitting them to feed on zooplankton immediately after
hatching, During later developmentthe larvaeand post-larvaehaveproverto adaptwell to
artificial diets. A researchteam at the National Marine FisheriesServiceAquaculture Ex-
periment Station at Manchester, Washington succeededin attempts to rear stocks to maturi-
ty in captivity, Survival of larvae to metamorphosishas routinely been 68to 78 percent at
14'C in experiments.

Present Status

There have beenno commercialspot prawn aquacultureattemptsnor pilot  studies to con-
firm the results of laboratory studies,Additional data will be needed to provide a sound
scientific basis for the development of commercial spot prawn aquaculture. Studies regard-
ing cultureofthelarvaeofa similar species?andolushipponensisn Japarby Dr. Yamamoto
were reportedat the North Pacific Aquaculture Symposiumby Dr. Nobuo Tokumatsu.

Problems

The growth rate of the spot prawn is relatively low compared to tropical penaeid shrimp
and it appearslikely that culture to commerciagizewouldrequiremorethanoneyear.lIt is
known that larval developmentcan be acceleratedy raising the water temperatureto 14to
18 C. It also appears likely that this same procedure may apply to juveniles as well,
Therefore,growing spot prawns in floating cagesor in racewayswhich are suppliedwith
warmer surface water should result in faster growth than experienced in nature.

Pilot studies are needed to verify the results of research conducted at Manchester and to
provide a basisfor analysisof the economicfeasibility of production.

Potential for Aquaculture for Spot Prawns

It appears likely that commercial prawn farming could be developed in the Pacific north-
west as a companion crop with salmon since both speciesrequire about the same en-
vironmental conditions, Thereis evena possibilityof rearingthe two speciestogethersince
experiments at Manchester have shown that large prawns and small salmon can be kept in
the samepen without predation losses,Being scavengersthe prawns would consumeany
dead salmonwhich droppedto the bottom of the pensthereby reducing feeding costs. A
period of research, development and testing will be required before commercial aquaculture
of spot prawns can be recommended.
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Freshwater Crawfish

Background

Two groups of crawfish are cultured in the United States of the genera Procambarus and
Orconectes, Both of these groups are grown in the southern United States with production of
up to 45 million pounds per year.

The northern freshwater crawfish, Pacifasticus leniusculus, occurs naturally in lakes and
rivers in the Pacific Northwest. The estimated annual fishery catch for the northern crawfish
is approximately 500,000pounds per year, much of which is exported to Europe. Crawfish is
the most important freshwater fishery in Sweden and Finland with prices of $3.00 each in
European restaurants; however high quality is required.

Present Status

The northern crawfish is not grown commercially in the United States but there is interest
in the culture of this species in France, Sweden, Finland, Austria and West Germany. At the
Second International Crawfish Symposium held in Louisiana in 1974, six countries reported
culture of P. leniusculus.

Problems

The growth rate of the northern crawfish is much less than that of the species found in the
southern part of the United States. It appears that culture to marketable size would take one to
three years for Pacifasticus compared to one growing season for Procambarus.

The principal market for the northern crawfish is in northern Europe. Export would re-
quire air shipment from the Pacific Northwest to Europe.

Potential for Aquaculture of Crawfish

There is good potential for developing commercial crawfish aquaculture, however, an ex-
tended period of research and domestic market development will be required. After a sound
scientific basis is developed, pilot scale tests will be needed to verify the commercial
applicability of research results.
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Introduction

Unusual massmortalities of oystershaveoccurredfrequently in many parts of the world
from the end of the 19th century to the present. We have carried out the physioJogical
analysef massmortalities of oystersCrassostregigasin hangingculturesin Matsushirna
Bay, Miyagi Prefecture Japan Figure 1! Imai, etal., 1965;Mori, etal., 1965ap!, and conse-
guently the results haverevealedthat the artificial eutrophicationin this bay inducesex-
cessiveoft-bodygrowthin theoysterandover-maturatioaf thegonadpossiblyesulting
in some physiological disorder and mass mortality Mori, 1979!,

In C.gigas,the presenceof the Ds-3P-and 17'-hydroxysteroid dehydrogenasectivities
hasbeendemonstratechistachemicallyin the limited tissuesof maturing stageand a close
association af the seasonalchange in the latter enzyme activity with their sexual maturation
hasbeenconfirmed Mori, etal., 1964,1965,1966!.In addition, aur study hassuggestedhe
possible presencein the oyster of 17p-estradiol dehydrogenasewhich is specific for
'17t3-estradibheseaesultsiogethewith thoseonthe glucose-6-phosphalehydrogenase
system Mari, 1967! led usto assumethat the biosynthesis of functional sex steroids such as
17/-estradiol exists in the marine bivalve.

Hence,the presentpaper dealswith the various physiologicaleffectsof 17P-estradiobn
the Japaneseoyster C. gigas in relation to reproduction and energy metabolisrn. The
ensemblesf theresultan this studywill bediscussewith specialeferenceo the oyster
mass mortality caused by eutrophication.

Effectof 17'-Estradiol on SexualMaturationin FemaleC, gigas

Ovary Growth

Theexperiment&erecarriedautin thematuringseasoframMayto July Theoyster<,
gigascultivatedor abouttwo yearsin Onagawaday,MiyagiPrefectureFigurel! by the
hangingnethodvereusedasthe experimentahaterialsOnegroupof theseoystersvas
giveninjectionsof 17p-estradiol-3-benzoatéB!;the dosagavas 100isg/time/oystein 0.1ml
agueoussuspensionTheinterval of injectionswasten ta 14days.Injectionswere madeinto
the gonadwhich hadbeenexposedbeforehandby cuttingoff a partof the right valveby
mean®fa smalhand-sawTl heothergroupof oystersvhichdid notreceivenjectionsvere
usedasthe control animals. The degreeof ovary growth was estimatedfallowing the quan-
titative morphologicalanalysisof Chalkley 943!, sincethe gonadof the oyster,unlike that
of thescallopjs noteasilyseparatettomthebodyfar determininghe exactweight.
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Figurel. Map of Matsvshima Bay and Onagswa Bay. vtiyagi Prefecture,Japan,showing nearby cities.

Figur@ showisechangastheratimfthaotabreafgernsellsothesunofthdotal

areasfallmorphologissueomponenisa sectiocrossinthemiddlefthesofthody
of the femaleoyster after the administration of EB.

Thearearatioofthesteroidnjectedystersvashigherthanthatof thecontrolanimalsn

mid-Julyotakteroidhjected}00!tg/oysteahoubOdaysfteithestarofinjectionThis
resultindicatesthat 17/-estradiol hasan acceleratingeffect on the growth of ovary.
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Figure 2. Changesin the ratio of the total area of germ cells to the sum of the total areasof all morphologic tissue
componentsin a sectioncrossingthe middle part of the soft body of the femaleoyster after the ad-

ministraliott of 17p-estradiol-S-benzoate EB!. Mean values circles! and 99 percent confidence limito
vertical bars! are shown.
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Egg Growth

Figure 3 represents the changesin the frequency distribution of the long-axis length of the
egg nucleus of the same experimental oyster as that used in Figure 2, An accelerating effect
on the egg growth was seen in mid-luly.

From the results of Figures 2 and 3, it can be concluded that 17!-estradiol is capable of ac-
celerating the sexual maturation in female C. gigas.

20
10
05 |
20
10
05 10 15 20 25 xt.3tp!
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Long-Axis Length of Egg Nucleus

Figure3. Changem thefrequencdlistributiorofthelong-axi¢engthoftheeggnucleusfoystemafterthead-
ministration of EB. Shadedhistogram:Steroid injectedgroup. Unshadedhistogram:ControL

Effect ef 17tj-Estradiol en Sex Reversal

Amemiya 931! found that there was a close relationship between the rich nutrition and
the occurrenceaf the high percentageof femalesin C. gigas.This nutrition theory is sup-
portedby the result of our investigationthat the sexratio femalelmalebf cultivated oysters
which grew rapidly was higherthan that oFnatural oysterswhich were undergrown Table
1!.However,this doesnot thoroughly explainthe mechanismof sexseparationor sexrever-
sal in C. gigas only by the nutrition theory.

Figure 4 shows the occurrence of 17P-hydroxysteroiddehydrogenaseactivity utilizing
17/-estradiol asa substratein the nephridia of the sameoystersasin Table 1. The order of
strengthof the enzymeactivity in theseoysterswas unchangedthroughoutthe stageof sex-
ual maturation,i.e.,H! R,! R,.This isin accordwith the order of goodnutritive condition
andthatof high percentageof femalesin C.gigas Table1!,suggestinghat 17/-estradiolmay
havean effectonthe sexseparationof this bivalve.Hence the next studywasdesignedo ob-
tain data concerning such an effect.

The tnethodsof steroid administration to the experimentaloystersin OnagawaBay are
summarizedin Table 2. The study consistsof three experimentswith considerabledif-
ferencdan therespectivéitnesto startoninjectioninto the connectivdissuesurrounding
digestivediverticula. In experimentsl and2,in which EBinjection startedin March or April
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Table 1. Sex ratio of two-year-old oysters from
Onagewa Bay 2 July 1966!.

Oyster
Item H R, R,
Total No. of oysters 115 102 100
Q 84 47 51
31 55 49
0 0 0
Q/5 2.71 0.85 1.04

Oysters cultivated by the hanging method.

;- Natural oysters attached to intertidal rocks,

- Natural oysters attached to rocks just under the
ebbtide levelL

Sex determination was made by the smearing

method.

UD0I

Table 2. Methods of steroid administration to the experimental oysters in Onagawa Bay.

Expt. Period of Interval of injection EB injected
No. expt, days! sg/time/oyster Total /48/oyster
12 March 21 May 1968 9 16 100 200 600
10 April 21 June 1968 5 12 20 40 160
26 May 13 July 1967 10 14 100 200 400
SP
E
s 4
?
rs
z tth+
stir
MJ JA SO N
Months 1968

Figure4, Differencein occurrenceof 17|!-hydroxysteroicdehydrogenasectivity substrate:17/1-estradiolh
the nephridiumbetweencultivatedoysters H! andthe naturaloysters R, andR,!in OnagawaBay.Ab-
breviationsare the sameasin Table 1. Bar{SP!showsspawningperiod.

when the sexual maturation of oyster was at the very early stage, the sexratio [female/male!
of S group was higher than that of C or N Table 3]. These results reveal the occurrence of sex
reversal from male to female. In experiment 3, on the other hand, in which EB injection
began late in May when the gonadal development of the oysters was just starting, the sex
ratio of S was almost the same as that of N, indicating that no effect of EB on sex reversal
was obtained.

The above data demonstrate that EB is capable of inducing sex reversal from male to
female in C. gigos when EB injection starts at the very early stage of sexual maturation in
March or April]l. This fact, together with the previous one on the effect of EB on the female
sexualmaturation, indicatesthat 17 -estradiol functions as a femalegonadalsteroidin C,
0igGS.
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Table 3. Effect of EB on the sex reversal in the oyster.

Experiment No.

Item
S C NS C NS CN
Total No. of oysters 36 13 10 44 20 20 44 83
26 9 729 12 13 33 60
6 64 3 8 56 11 22
20 07 31 0 1
4.67 2.25 2,33 3.63 2.40 2.17 3,00 2,73

S: Steroid injection.
C: Artificial seawater injection control expt.!.
N: No injection.

Effects of 17p-Estradiol and Testosteroneon Respiration in Gonad

The effect of EB on the respiration in the tissues of maturing fernale oysters is shown in
Table 4. Oxygen co~sumption was measured at 27eCusing Warburg manometers, with
single-arm vesselsof about 17 ml capacity. An increase of about 32 percent {average!in the
respiratory rate was observed in the ovary. Alower increase was found in the digestive
diverticula, but no definite effect was obtained in the gill and pallial margin.

Table 5 represents the effect of EB on the tissue respiration of maturing male oysters. EB
caused a marked increase of about 77 percent {average!in the spermary respiration. No ef-
fect was recognized in the digestive diverticula except one case, in which a considerable
decrease was observed. Also no significant effect was seenin the gill and pallial margin.

The results of Tables 4 and 5 indicate that the oyster has a clear tissue specificity with the
physiological effect of 17/-estradiol.

Testosterone, unlike 17/-estradiol, did not activate the respiration of oyster gonads and ex-
hibited a slight decrease in it with the spermary {Table 6!. This may be due to unsuitable
dosage and/or improper experimental time.

Table 4, Effect of EB' on the tissue respiration of maturing female oyster.

Rate of respiration' Increase in the

Tissue Experiment No. before tipping 30 minutes after tipping rate of respiration [44!
22.8 3D.6 34.2
18.0 27.6 53.3
25.6 32D 25,0
Ovary 20,3 29,2 43.8
20,0 29.0 45.0
26,8 29,5 101
26.2 30.1 14.9
Average 32.3
51.6 57.6 11.6
34.3 42.9 25.1
Digestive 57.1 57,1 0
divertic. 40,3 52.3 29.8
50,4 56,0 11.1
48,1 52.2 8.5
Average

'100 xg of crystalline EB in agueous suspension.
*pfogtoo mg fresh wl.lhr. measured at 27&.
No definite effect was obtained in the gill and pallial margin.
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Table 5, Effect of EB' on the tissue respiration of maturing male oyster.

Rate of respiration' .
Increase in the

Tissue Experiment No. beforetipping 30 minutesaftertipping rate of respiration po!
110.4 235.2 113.0
122,4 187.2 52.9
120.0 233.2 94.3
Spermary 114.4 174.0 52.1
140.4 220,0 56.7
104.8 200.0 90.8
Average 76.8
55.9 46.0 -17.7
Digestive 52,4 57.5 9.7
divertic, 39.0 37,7 -3.3
43.8 45.0 2.7
Average -2,2

100 Sgof crystalliné&Bin agueoususpension.
'Sf 0,/100 mg fresh wt./hr. measured at 27sC.
No definite effect was obtained in the gill and pallial margin.

Table6. Effectof testosteronebn the tissuerespirationof maturing oyster.

Rate of respiration Increase in the

Tissue Experimenio, befordipping 30minutes aftertipping rateof respiratioro!
201.3 180.4 -10.4
Spermary 121,2 114.8 5.3
186.3 161.8 -'13.2
Average -9.6
29,4 28,8 -2,0
Ovary 31.0 32,4 4.5
25.5 26,4 35
Average 2.0
Digestive 50.4 46.8 -7.1
divertic. 36.0 37.2 3.3
of the male 40.8 44.4 8.8
Average 1.7
Digestive 55.8 57.0 2.2

divertic. 58.2 53.4 ~8.2

of the female 45.6 40.8 -10.5
Average -5,5

'50 pg of crystalsof testosterongoropionatein aqueoussuspension.
*sf 0,/100 mg fresh wt./hr. measured at 27%.

According to Hathaway {1965!, the conversion of 17/-estradiol to estrone by sperm
preparationsis more activein the oyster,Crassostreairginica, than in seaurchins, When
17P-estradiobnd testosteroneare comparedas substrates,sperm of C. virginica convert
aboutsix times asmuch estrogenas androgen.However,the physiologicalfunction of such
metabolismsin spermatozoaemainsto beinvestigated.ln our experitnent,the respiration
in the spermariesof considerably mature oysters, C. gigas, was markedly activated by
17P-estradiol {Table 5!. This finding, together with that of Hathaway, strongly suggeststhat
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the metabolismof steroidsby oysterspermmayberelatedta reproduction,andthereforethe
next investigation was attempted.

Effects of 17/-Estradiol on Fertilization and Development

The experimentswere carried out in Juneusingthe oysterscultivated for abouttwo years
in Onagaw&aybytheraft-culturenethodgonad®fwhichwerenotyetfully developedt
wasfound afterwardthat spawningoccurredin the middle of August.To obtairrgarneteshe
animalswere opened,and portions of the gonadswere removedand shakengentlyin sea-
water. After the eggswere washedby settling, the agueoussuspensiorfor injection of EB
was addedto them. Theywere inseminated5 to 10minutesafter the addition of the steroid,
The supernatantfluid was replacedby new seawater30to 40 minutesafter insemination.

The experimentalresultsare givenin Table 7. The rate of fertilization increasedafterthe
treatmentof EB in eachexperiment.Particularly in the third experiment,the rateincreased
markedly from 35.0to 94.4 percent by adding 3/rg/rnl of EB,

Table 7.  Effects of EB on the fertilization and development of maturing oyster,
Rate of develO ment!9S]>

Expt, EB added Hours after Temperature  Rate of fertilization
No,’ Qg/ml] insemination 0oG! %! B G B+G
0 4'/4 25.0 82.5 102 0 10.2
10 44 25.0 93.0 18.0 0 18.0
2D 4~4 25.0 94.5 500 0 50.0
0 22.0 80,6 7.1 24 9.5
10 22.0 96.0 352 71 423
20 22.0 100.0 25,5 11.9 37.4
30 22.0 94.6 22.9 25.1 46.6
D 6'4 27,0 35.0 571 7,1 64.2
3 6'4 27,0 94.4 17.6 52.9 70.5
7 6'4 27.0 68.8 30.4 42.2 72.6
10 6'4 27.0 64,3 44.4 22.3 66.7
06 275 62.6 13.9 8.0 21.9
43 6 275 93.7 29.0 27.7 56.7
10 621. 5971 28.2 26.3 54.5

'The materials are two-year-old oysters sampled in June in Onagawa Bay.
>B  No. of blastula/No. of fertilized eggs!x 100

G- No. of gastrula/No,of fertilized eggs!’x 100

Salinity of seawater used for culture of fertilired eggs, 27.3 ppt.

This steroidalsoenhancedhe rate of developmentin all experimentsexceptthe third. A
five-foldincreasein rate occurredin the first or secondexperiment,In the third, the rate of
appearanaaf thegastruldoecaméhreeto sevenimeshigherbﬁaddingKBthanthatin the
control,indicatinghatthe steroichadthe effectof increasingherateof developmeratiso
in this experiment,

Theseresultsseemto be closelyrelatedto the aforementionedfact that both femaleand
malegonadsare activatedoy 17p-estradiogndto supporthe abovesuggestiothatthe
metabolismof steroidsby oysterspermmay be involved in reproduction.

Effect of 17/-Estradiol on Glycogenolysisin Female C. gigas
It hasbeenwell known thatthe glycogencontentin oystersdecreasesemarkablywith pro-

gressivedevelopmentof the gonads[Figure 5!. Figure f! showsthe seasonalariation in
ciliary activity ofthe gills of the sameanimalsasin Figure B.It is foundthat theciliary activi-
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Figured, Seasonahriatiorin ciliaryactivityofthegill oftheMetsushimBayoysterMearvaluescirclesand
95percentonfidencémits verticabarsareshownHorizontabarindicatespawningeriod.

ty ofthegill, whichhadeerconsiderezhadequatedicatoforthephysiologicattivity
of the oyster,declinesas sexualnaturatianproceedsandis minimalat spawningThe

changegparallethedecreasds glycogemrontenofthewholesoftbody Figures!,reveal-
ing a closerelationbetweerphysiologicahctivity and glycogencontentin the oyster.
However few dataare now availablean the metaboliccausesand significanceof the

glycogenolysis.

Mori, etal. 966! andMori 967! investigatetherelationshifpetweemeproductiomnd
steroidmetabolisnn C.gigosTheresultsof their studiesvidencea reciprocalelation-
ship between seasonal variations in glycogen content and those in activities of
17'-hydroxysteraiddehydrogenasand glucose-6-phosphatiehydrogenaséience, it
seemdkelythatat leasta partof glycogenolys@uringsexuamaturations relatedo the
biosynthesis of sex steroids.

Experiments under Natural Conditions

_Figure7 outlinesheexperitnentadesigrfor theeffectaf EBonthedistributionn oyster
tissuesfPASperiodiacid-Schiffl-positsudstancee.glycogemlhichcarbedigested
bysaliva-treatmenin experiment$ and,in whichEHinjectionintotheconnectivassue
surroundingligestiveliverticulastartedattheveryearlystagef sexuatnaturationnoac-
celeratingffecton glycagenolysia the oystersvasabservedlthouglsexreversafram
tnaleto femalewasinduced.In experimen8, on the otherhand.in which EBinjection
startedlate in May whenthe gonadaldevelopmenivas just beginningthe amountof
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Figure 7. Experimentaldesignfor the effectof EBon the glycogenolysiof oystersunder natural conditionsin
Onagawa Bay, Each of the arrows indicates the time when the steroid was injected,

glycogenin the interstitial tissue of gonadand the connectivetissue of the mantle of the
fernaleoystersinjected with EB was found to be lower than thoseof the control on 30June
total EB injected, 300 /tg/oyster! Table 8!, although no effect of EB on sex reversal was
recognized,The sameresultwasobtainedin the interstitial tissueof gonadandthe connec-
tive tissuesaround digestivediverticula and of the mantle of the femaleoysterssampledon
13July 00/tg/oyster!. Theseresultsindicatethat 17P-estradiohasan acceleratingeffecton
the glycogenolysign the femaleC. gigas.The factthat suchan effectis observedonly in the
fernaleis of greatinterestin connectionwith the aforesaidevidencethat 17/I-estradiofunc-
tions as a female gonadal steroid in C. gigas Figures 2 and 3, Table 3!.

Tables. Effecof EBon the distribution of glycogeim theoyster tissuegExpt.3 undethenaturalcondition!.
Date of Sampling

2GJune 3GJune Is July
Tissue Sex SC SC S C
Interstitial F ++1 +1D +~ +++ DD s DD ++44
tissueof gonad m +++4 +++' ++4 +++4 ++4 o~
CT around 4 +44 4yl4 D~ 4y DD yrs
DD M ++' ++' +0 py4 ++4
CT around F +++ ++ + ++4 +44" 410 + +44
intestine m +++ +++' ++4 t+D4 a+d 444
CT of ++++ ++++'4 ++ ~ ++++44 +14 +++44
mantle M +++' ++4+' +++ 4 +++ +++' +++4

S: Steroid injection; C: Artificial seawater injection.
F: Female; M: Male.

DD.Digestive diverticula; CT: Connective tissue.
Figureshowshenumber of oystersexamined.

Indoor Experiment

The experiment was performed in May, using the natural ane-year-old oystersas the
materials,which were rearedin the apparatusconsisting of the food-supplying,filter and
culture vessels. The mean shell size of the materials was 4.8 cm in height, 3.3 crn in length
and 2.1 cm in width. EB .01, 0,1, 1, 10, 100 or 1,000/sg/oyster/time! was administered as
agueous suspension ta six apparatus every seven days fram 3to 24 May. Two other ap-
paratus were employed for the control. Sampling of the experimental materials was con-
ducted everysevendaysfrom 10to 31May. The histochernicalmethodusedfor demonstra-
tion of glycogen is the same as that in Table 8.

As Table 9 shows, the glycogen amount of the groups of 0.01 ta 0.04 /tg total EB ad-
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Tabl®. Effecvf EBonthedistributiarfiglycogentheoystdissudindooexperiment!.
EB applied total pg/oyster!

Tissue Sex 00.01.0.04 0,1-0,4 1-4 10-40  100-400 1000-4000
Interstitial F + +14 PO P1 +4 ++4
of gonad M F ++ 29 P AI t+12 pe P10
CT around P10 t P4 P4
DD M F P99 +11 9'19 P14 ri2 ~P
CT around +PIP g4 t sO P+4 ++4 ri
intestine M F +29 Pl P11 P PIO PP
CT of P P14 PO +1 4 ++ P PO pl
mantle M P P99 P P19 p pn P PIO + P22 PO

F: Female; M; Male.

CT'Connective tissue.

DD; Digestivediverticula.

Figure showsthe number of oystersexamined.

ministered/oystexhd 0.1 to 0.4/tgwaslowerthanthatof O /rg controlin the connective
tissuaroundheintestinefthefemaleoysterdn thegroupof 1 tod/rgalsothesameesult
was obtainedin the interstitialtissueof the gonad,the connectivdissuesaroundthe
digestiveliverticulaandintestineandthatofthe mantleof thefemalesFromtheseaesults,
itisevidenthat17/-estradiohasan acceleratingffectontheglycagenolysisthefemale
C.gigafHowevenosucleffectvasseen in theexperimenigdoupsfhigheconcentra-
tions 0/rg andover/oysteexcepthegroupof1,00t04,000/2g/oystérhesdactdandicate
thatthecancentratia steroi@dministeresiof speciamportander appearance#
suchaneffectThedecreaseglycogeamounwhiclwasobservedthel,00@04,000/rg
groushouldeconsideredbequalitativediyfferenramthatoccurrinopthe4 /2gnd
lesgroupbecausef thehighfrequenoyf mortalityvhichis mostikelydueto serious
pathologicathange#n the digestivaliverticula.

In this indoor experiment, there were no indications of sexreversal, whereasthe sexual
maturatioofthefemaleafthe4 /rgandlesgroupvashistalagicatipserveadproceed
normally.

The presentstudytogetherwith the previousone revealsthat the acceleratianof
glycogerlolydiy 17p-estradia@ccurdan femaleC. gigasprovidedhat sexuaimaturation
proceedsnormally without sexreversal,

Possibility for Regulations of Energy Metabolisrn
by Way of HormonalControlof Transhydrogenation

The abovephysiologicaksultsndicatenotonlythat 17/-estradiofunctionasa female
gonadaiteroith C.gigadyutalsahathissteroid  isinvolveihcontrollinhpechanges
glycogemetabolisduringsexuammaturatioisinceglycoges oneofthemainenergy
sourcedor the oyster,17/1'-estradislassumeda be closelyconnectedvith the seasonal
variationsn the physiologicalctivity,In Matsushim@ay, masanortalitie®f oyster®c-
curredluringhespawningeasanyhersuclphysiological factorasciliarymovement
thegill Figures! andglycogeoontenof the wholesoftbody Figures! attainedheir
minimaHenceit seemi benecessaty studyhepassibilitypr regulatioof energy
metabolisrby 17/1-estradiol in orderto discusthe possibleause®sfthemasamortalities.

Recentlywve foundthat17P-hydroxysteraléhydrogenassubstratel7P-estradidh C.
gigassableoutilizeonlyNAD bumnotNADPZEfficientlgsa caenzyme&hismeanthat
thesa-calledstrogesubstratheoradvancebly TalalayandWilliams-Ashman 960!
statinghatestrogenactascoenzymem thetranshydrogenetioeactiorisnatapplicable
to C. gigasMori, etal unpublished!n sexuallynaturing.. gigas17p-estradiahjection



was observedto activate each af the 17P-hydroxysteroid,glucose-6-phosphateNADP-
specific isocitrate, and succinatedehydrogenase$gMori, et al., unpublished!,We have ar-

rangedthesedatain the light of the estrogen-stirnulabléranshydrogenaseheory proposed
by Villee, etal. 960!. As a result,we havecompiled a schematiadiagramwhich illustrates

the possibility for the regulation of energymetabolismby way of hormonal control of trans-
hydrogenationin the oyster Figure8!. However their theory hasnot necessarilypbeenentire-
ly incorporatedin this diagram, since we assumethat the effect of 17tf-estradiolin increas-
ing the functionalcapacitie®f certainspecialtissuessuchas digestivediverticulaand
nephridia in C. gigasis not always mediatedby the presencein thosetissuesof a specific
estrogen-stimulabléranshydrogenaseln our hypothesis Figure 8!, we emphasizehe point

that the 17/-estradiol dehydrogenasevhich specifically requires 17'-estradiol as substrate
and NAD as coenzymeplays an important role in a transhydrogenationin the oyster.

Succinate Cytochrome ¢ Hgo

Fumarate Reducedcytochrome 0
Succlnatedehydrogenase Cytochromexydase

C tochrome s tern

Synthesis of fatty acid
steroidsserine,etc

. HADPHcyt.c HADHcyt.c
P required Y y
ed
DP
Gluconolactone-6-P Glucose-6-P
tr-Ketogtuto rate Isocitrate

Figure8. Diagramillustratingthe possibilityfor the regulatiorof energymetabolisrby way of hormonal
control of a transhydrogenationn the oyster.17'-DH; 170-hydroxysteroidlehydrogenaseG-6-PDH:
glucose-6-phosphatdehydrogenasdDH: isocitratedehydrogenase.

MatsushimaBay Figure 1!, one of the richest oyster-cultureareasin Japan,is subjectto
heavyartificial eutrophicationmainlyfrom the inflow of city and factorysewageslhe
physiologicalburdenof C.gigasin hangingculturesin.this embaymentncreasesmarkedly
with progressive development of the gonads; this increased burden coincides with
eutrophication-induced accumulation of fatty material in the epithelia of the digestive
organs;the oyster is thereby forced to dependon theseaccumulatedfats for respiratory
substratesn orderto maintain its increasedphysiologicalneeds However,the fats areinef-
ficient energy sourcesfor the oyster,and therefore 50 percent mortality occurs during the
spawningseason.In addition to the conspicuousphysiologicalchangesstimulatedby such
steroids as 17p-estradiol, over-maturation of germ cells in the gonad occurs in the oysters of
MatsushimaBay Tamate,et al., 1965!.This is accompaniedoy disturbanceof the lipid and
steroid metabolism Mori, et al.,, 1965b, 1966!. Over-maturation is a pathological
phenomenoncausedby a long residenceof ripe oocytesor spermsin the gonad,and is
characterizedby an abnormalincreasein glycogenand free fatty acidsin the oocytesor the
marked decline of succinate dehydrogenase activity and nuclear deoxyribonucleic acid
polymerizationin the sperms Ternate,et al., 1965!.

315



In connectionwith this over-maturation,it is of interestthat only a veryslightor no activi-
ty of 17/-hydroxysteroid dehydrogenasevas found during late sexual maturation in the
epitheliaofthedigestivaiverticulaoftheoystergultivatedn Matsushim8ay Mori,etal.,
1966! indicating disturbanceof the steroid metabolismThis is a noteworthy patho-
physiologigahenomensincentensatrophpftheepitheliunmamelya strongnlarge-
ment of the lumen togetherwith an inflammatiorthas beenhistologically observedin most
tubulesf digestiveliverticulaofthisoysteisampledih summem thesamdoay Tamategt
al 1965!.

Disturbanceflipid metabolisns characterizeythepathologicaaymptomsdicative
of fatty degenerationor necrosisin the digestivediverticula Mori, 'i979!.

On the basisof the resultsand discussiorescribedibovethe authorhascompileda
schematidiagrarttillustratingthe proposedeffectsof artificial eutrophicatioron the
tttetabolismof C. gigasin relation to their physiologicalactivity Figure9!. It is reasonabldo
concludehat the seasonahasslinortalitiesof the oysterin Matsushirn®8ayare caused
primarilybya physiologicdisorderanda metabolidisturbanceftheoysterasa resulof
intensive growth and maturation of the gonadunder eutrophic conditions.

tPhehee, oo gfedg le
hee

et decl

_ taﬁllteeti
wine  ow

Figured, Schematidiagranmllustratingheeffectsf artificialeutrophicatioonthemetabolisrof oystersn
relatiorto theirphysiological activity. E: epitheliaof nephridium, digestivediverticula and intestine;
INC:gonadhterstitial tissueand connectivéissuesroundthe digestivaliverticulaandintestine;
G-6-PDHylucose-6-phosphadg¢diydrogenagdascissahowshematuratiostagesl: afterspawn-
ing or beforesexuamaturationl]:during sexuamaturationijl: immediatelipeforespawninglV:
during spawning period,
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SeasonalAbundanceof Protogonyaulax sp.
CausingParalytic ShellfishPoisoningn Funka Bay,
Hokkaido, Japan, 19'78-1980

Yttji Nishihama

IHokkoido Lngutote of Mariouilure, Shikabe, Hokkaido, 04'-t4 Japan!

Forthe lasttento 15yearsextensiveendeavorshavebeenmadeto culture scallopin Japan
with themost promising resultsshownin the northern coastalareas.By artificialpropaga-
tion, scallopproductiomasreachednore  than 100,00Gons. The artificialpropagation of
scallopis usuallycarried out with the useof youngshellswhich arecollectedby spatcollec-
tor and cultured in cages for about three to six months. There are two cu turing methods
used:the sowing culture, and the hangingculture Motoda, 1977!,

FunkaBay VolcandBay! in Hokkaiddsoneof the Inosfamousommercial scalloppro-
duction areaswhere the hanging culture method is well establishedThis areaalone pro-
ducedabout60,00Gonsin 1977 Howeversince 1977 massnortalityof scallopsculture by
the hanging method has occurred in Funka Bay. This mass mortality is similar to that which
occurredn someareaf the northerrcoasbfHonshu, the mainisland of japan Motoda,
19771,

In additio~to the occurrenceof a massnortality, high levelsof the paralytic shellfishtoxin
in scallop were discovered in 1976 in Funka Bay. Due to the high level of this toxin, the
scallopfisheriesin thebaysufferedheavilybecause thewhole meat,ncludinghedigestive
gland where mostof thetoxinis accumulated, was marketedandeaten in Japan,

ThoughPrakash, et al., 971! reportedhat morethan400persons died from paralytic
shellfistpoisoningn Japan, this humberalsoincludeddeathscausedby other  kinds of
shellfish poisoning,Accordingo NoguchandHashimoto 960!, paralytic shellfisipoison-
ingoccurred five timesandthreepersondavediedasa resultin Japarsincel946,

After a red tide of Protogonyoulasp.occurredin Mie Prefecture central part of Honshu],
the presenceof the paralytic shellfish poisoningvasreportedn 1975 Hashimoto, etal.,
1976!, Monitoring of the toxin and survey on the causative organisms have been carried out
in various areasin Japan, especially on the Sanriku coast,Mutsu Bay and Funka Bay, where
scallop culturing is well established. In addition to paralytic shellfish toxin, the presence of a
newtype of shellfishtoxin wasrecentlyreportedfrom theseareashy Yasumotogtal 976!,
which has limited the marketing of scallopsfor severalmonthseach year,

Paralyticshellfistpoisonings causedby severalkpecies of the genusProtogonyoulox

Sommergtal., 1937;and Prakashetal., 1971!Investigationsconcerningthe ecologyof the
causativeorganismsare not common, becauseof their infrequentoccurrence. For the past
threeyears,this writer hasconducteihvestigatiorenthemechanisrhywhichthescallop
accumulatesparalytic shellfish toxin in Funka Bay. Hokkaido. This paper describes the
ecologyof the causativeorganismandits relation to the toxification of scallops.
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Locality and the Ocean Conditions

Funka Bay is located at the southwestern part of Hokkaido Island, and faces the Pacific
Ocean. The diameter of this bay is about 60 km, and the depth is 100m at the center. Scallop
culturing areas extend along the coast. Periodic samplings of plankton and scallops were
carried out at the station which is 1.5 tun off Sawara and 68 rn in depth, Supplemental
surveys were carried out at the station off Shikabe and off Rebunge Figure 1!.

Oceanographic conditions of this bay were well investigated Ohtani and Kido, 1980!.The
waters from the Tsugaru Warm Current high salinity! begin to enter into the bay in late sum-
mer and remain through the winter. In early spring, the waters from the Chishirna Cold Cur-
rent low salinity! begin to flow into the bay and remain untii summer. Low water
temperatures of about 20Caround February and a high water temperature of more than 20'C
in summer were recorded in the surface layer Figure 2!, The thermocline is well developed
in summer. Around the end of winter or early spring, nutrients of the water in the bay are
consumed by a blooming of diatomaceous phytoplankton, which occurs around the end of

winter or early spring Nishihama, 1980!, and remains at a low level in the euphotic zone
through late autumn Figure 3!.

Figure 1. Maps showing sampling stations in Funka Bay PeAside], and seacurrents around Hokkaido Island
right side!.
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Figure 2. Seasonalchange in water temperature and salinity off Shikabe. 2977-t1979.
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Figure3. Seasonathangein levelsof Nitrate-nand Chlorophyll-an surfacewaterfa-15m depth!off Shilrebe,
1973-1979, Nishihame. 1960!,

Materials and Methods

Routine seawater samplings were repeated at the station off Sawara in order to measure
water temperature,salinity and phytoplankters.Seawatersamples liter each!were col-
lectedfromvariousdepthsandwere fixedandconcentrateth 2 mlby repeategrecipita-
tion using various volumesof cylinders. A 0.1 ml af concentratedsampleswere usedfor
counting Prataganyaulax cells far details see Uchida, et al., 1980!.

In orderto inspectthe toxicity levelsof shellfish,two or three yearold scallops
Patinopecteyezaertsisjulturedby the sowingmethodwerehungin cagesat selected
depthsThedigestivglandof scallopsvereexaminedortoxinbythemousdest Horwitz,
1975!ThetoxicitylevelswererecordecasMU per 1 granofthe digestiveyland.

Trend of Paralytic Shellfish Toxin at Funka Bay

Since 1976,monitoring the toxin of cultured scallopsin Funka Bay has beencontinued
periodicallyoy membersf the Hokkaiddnstituteof PublicHealth Thetrendin paralytic
shellfishtoxin contentaf scallopsat FunkaBayis shownin Figure4. Low levelsof toxin
wereobservedn 1976and 1977.In 1978 high levelsof paralyticshellfishtoxin were
observeandfar thefirsttimethe marketingf culturegcallopfromFunkaBaywas
limitedto four monthsln 1979thehighestoncentrationeachedvas750MU/g-digestive
gland.ToxinlevelsncreasedraundJunan 1976197 7and1978andaroundApril in 1979
and 1980.

In Junel976theauthorstartedo conducinvestigationsnthe causativerganism,

The CausativeOrganismProtogonyauiasp. GCF!

In this paper,a speciedelongingo the genusProtaganyaulaxzonyau!agateneHa!
observed at Funka Bay in 1978to 1980 will be abbreviated to "GCF". The account of the
organism was given in Nishimama, et al., 979

The causativeorganismof paralytic shellfishpoisoningis due to severalspeciesaf
Dinophycea&nown as "GanyaulaxateneBabdr "Gonyaulaxamarensis’/Accordingto
Taylor 979!, theyarenowclassifiedinderthe genusPratoganyau!ax.

Theinitial investigationvasaimedat searchindor cellsof thegenudProtoganyaulan
FunkaBayat thetitnewhenhighlevelof thetoxinwereobserved, Protogonyaulax
cateneila-like species was found. This organism resembles P. catenella, however it does not
forma longchain.Culturedcellsof theorganismareroundin shapesimilarto thoseof P.
tamarensis. The organisms in the seashow intermediate characteristics between P. cateneHa
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andP.tamorensisThereforethey areconsidere@sa Protogonyoulasp, at the present
time, and are referred to as "GCF" in this paper.

GCFpresenteda characteristicvertical distribution as shownin Figure 5. This datawas
obtainedon 8 August1978at the stationoff Rebungen FunkaBay Uchida,etal., 1980!GCF
cells were distributed only in the middle layer, where this organismwas the dominant
specieg.houglthetemperatumtheseasurfacavas23'Cjt suddenhywentdownwith
depthbecausef a therrnoclinét the 20m deptht was8'C,whereGCFcellswere
aggregated.

gge\(‘/:]eratkatxaofthegenuSDrotogonyauIamretoxicandothersarenon-toxicTaonr,4979!.
GCFwassimplya membebelongingo the genusProtogonyau/aXhereforethe author
tried to ascertain whether GCF made scallopstoxic, using their characteristic vertical
distribution.

Scallopswith a toxicity scoreof 80 MU/g-digestivglandwere hung at five different
depthsAt thebeginningftheexperimentCFcellsweredistributedn themiddlelayeras
shownin FiﬂureG.After sixdaystheyshowedsimilarverticaldistribution.Thereforethe
scallopm theuppetwocagedid nottakeGCFeellsOnthecontrarythescallops the
lowerthreecagesookthecellsasfood.Thetoxicitywasreducedn theuppertwo groups,
but increased in those of the lower three, as shown in Figure 6.

Sinceheincreas®fthetoxicity of scallopss associatedith thepresencer absencef
GCFcells, it is reasonabldo assumethat the GCFis the causativeorganism,

10 20'C
10sI0 csttQL ) . o
Figure 5, Vertical distribution of Pro-
togonyoulox sp. off Rebunge in
10 Funka Bay, August 2978. Uchida,
et al 1990!.
50
£
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Figures. Experimerdntheratenftoxicitychange sea!loptvariouslepthén Funkaay,1976 Nishihama,
et al., 1979!,

In addition to this experitnentin the sea cultured cellsof GCFshowedthat 7,000cellscon-
tained1l MUof thetoxin. It is concludedhat GCF Protogonyaul®y.lis the causeof the
toxin in scallops in Funka Bay.

Season@lbundancand Vertical Distributionf Protogonyauiasp.
and Its Relationto the Toxificationof Scallops

1978

The vertical distribution of GCF Protogonyau!csp.! and its relationto the water
temperatureonditionfrom Julyto Septembet978verereportedUchidagtal.,1980]In
Augusta thermoclin@aswelldevelopedhutit disappeareid Septembelueto theinflow
pfwarmNa_terF‘llgurQ!AtthejsametatlorGCI%lp earad themiddldayerThetnax-
imundensitwas20,00€ells/litetn Septemb&CFeellslisappeardeigurd!, Thepor-
tion wherethe densityis morethan 1,00Ccells/literis presentedby the dottedarea,The
deptiwher& Ckellsaggregatéidctuatedaybyday .Thehreeurvesthefigureshow
water temperature. The high density zone of GCF was associated with the zone of 8' to 12'C.
Waﬁeréemperaturecondition for the growth of GCFwas8'to 12'Cin its natural environment
in the bay.

GCIeellsverenotobservadthesurfackyein summewherevatetemperatuveas
morethan15'C.SinceGCFneedightfor theirgrowth theyoughtto aggregateearthesea
surfacwnhlntheaCP ropriat®atetentperaturangeThisis thereasowhyGCFcells
occurredin the middlelayerin summerThereforea markeddevelopmentf the ther-
moclinenearthe surfacan summemayberequiredor the propagationf GCF.

0210
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Figurg, Changéswatetemperatut€loffSawara 1976Uchidagtal.,1960!.
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Figur8. Verticdistributiofprotogonyosii@ndtsrelaticiowatetemperataffSawanal97s.
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Figure. Changevatademperat@&@hderticdistributiofProtogonyapaxSawabetween
April andSeptembet979,Nishihamagtal.,1990!.

1979 ..
Inthefollowing'ear_;L979hereIatiometweeﬂnedensitygfGCR:eIIsandhetoxmlg{
ofscallopgasnvestigatédshinanedal., 1980A changawatetemperatwendi-
tionsfromAprilto Septembisishowin Figur®. Thewatetemperatubegato risein
MayFronMaytothemiddlefJunghesurfaceatetemperatwas3'to 12'Cand
thenit roseto morethan 12'C.In JulyandAugustof 1979therrrtoclingvasnotformedas
clearly as was observed in 1978. i ) )

In 1979 veryowdensitpftheGCFellsvasobserveid MarchUntilthemiddleof
Aprilhoweveheylidnofpropagadetivelyecausisevatetemperatwvastilivery
low.GCHegamo propagatactivelyn thesurfacavatenin themiddleof Aprilwiththe
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densityof the cells reachinga maximumfrom the end of May to the beginningof June After
the surfacewater temperatureroseto 24oChy the end of June,GCFdisappearedn surface
water,and appearedn the middle layer. Then,the density of the cellsgraduallyreducedand
disappeared by the end of August.

The displacementof GCF cells from the surfaceto the rniddle layer correspondedo the
changeofthe depthwherewater temperaturewasabout10'C, Thelow densityof the cellsin
the middle layer from Julyto August, 1979,is thoughtto be dueto the less-developether-
mo cline.

In orderto investigatethe relation betweenthe density of GCFcellsandthe toxin levelsin
scallops,scallopswere suspendedn casesat depthsof 10and 25 m. The toxicity of the
scaHopsat 10m depthsuddenlyincreasedattheend of May, andthenbeganto decreasesud-
denly at the beginning of June.On the other hand, the toxicity of 25 m depth reachedthe
maximum levels at the end of June Figure 10!, The changeof toxicity at both depthscor-
respondedvery well with seasonaklnd vertical abundanceof GCFcells. Toxicity levelsof
scallopsat both depths continued to decreasegradually after Septemberand almost dis-
appearedby the end of January Figure 11!, It is interesting to note that due to the dis-
appearancef the toxic planktonin the seathe toxicity of the digestivegland of scallopsalso
suddenly decreased followed by a more gradual reduction.

1980
Thetoxicity levelof scallopswhile low in April, 1979 Figurel0!,alreadyexceedethe

500

Q 000
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Figure 10. Changein the toxicity scoresof scallopssuspendedat 19and 25 m depth,off SawarabetweenApril
and September, 1979. Nishihama, et al., 1980!.
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Figure 11. Vertical distribution of Protogonyouilasp. andtoxicity levelof scallopoff Sawarain 1990,
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limit for marketingof scallops.Therefore,it was necessaryo investigatethe ecologyof the
causativeorganismsin early spring and to forecastthe time when scallop toxicity would
exceed the limit for marketing.

In 1980,a low density of GCFcells appearedin March. This was similar to the previous
year'sobservation.In March, the toxicity of scallopsincreasedgraduallyin spite of the very
low densityof GCFcells Figure 11].An effective forecastbasedon plankton surveyaloneis
very difficult, becauseaccumulationof the toxin by scallopsstill goeson in spiteof the very
low densitylevelof the causativeorganismand becauséhe increaseof the toxicity is
associatedsimultaneouslywith the increaseof the toxic plankton.

GCFcells propagatedto a densityof severalhundred cells/liter at the end of April. Then
theydisappeareir a shorperiodin almostll depthofthewater Atthebeginningf July,
they appearedagain in the middle layer the water temperatureof the surface layer was
alreadymorethan 15'C!. Thetoxicity of scallopsat 25 m depthroseagain,too.

In 1979,GCFcellswhich appearedin low densityin March and April, propagatedquickly
when water temperatureroseto about8oto 10'C at the end of May. But, in May and June
1980,GCFcells disappearedor a shortperiod. In 1980 salinity dropped suddenlyin April

Figure 12!. This represents the inflow of the Chishirna Cold Current which started to enter
FunkaBayin April 1980Thisexchangef seawatewashe@utthemateriaforthepropaga-
tion of GCFcellsfor a shortperiod. Comparedwith 1979the ChishimaCold Current started
to enter the bay in Februaryto March. This difference in the timing of the inflow of the
Chishima Current explains why there were no GCF cells found in May and June 1980.
Thereforethe stabilityof the seawateof the bayfromspringto summers thoughto bea
necessary condition for the propagation of GCF cells.
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Figure12. Changein watertemperatureand salinity off Sawarain 1980.

Conclusion

Protagonyoulax sp. is the cause of the toxin found in scallops in Funka Bay. They showed
three different aspects on the seasonal abundance and the vertical distribution each year
from 1978to 1980, Thesethreedifferent typesof occurrenceof the organismsare explained
by the fact that the optirnurn water temperature condition for the propagation of the species
is approximately 10aCin Funka Bay. However, Protogonyaulax cells were not found in late
autumn, when water temperature was about 10'C. Seasonal abundance and density level of
the species are thought to be depertdent on the degree of the development of athermocline irr
summer, and on the degree of the stability of seawater conditions from spring to summer.
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The changeof the toxicity of scallopscorrespondedvery well with seasonabnd vertical
abundance of Protogonyaulax cells,
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Rearing of Larvae of Deep-seaMacruran Decapod,
Pandulus nippollensisYokoya!

G. Yamamoto, Y. Maihara, K. Suzuki and M. Kosaka

iFacaftpf MarineSciencansilrechnoiogypkaiUniversityandMarineScienc®luseuml okaiUniversity!

Introduction

According to the taxonomical and faunistic studies by Yokoya 933 and 1934!and the
ecological studies on larvae by Kurata 955 and 1964!, five speciesbelonging to genus Pan-
dalus inhabit the coast of Japanand its environs as follows:

Pandalus borealis Krnyer

P. hypsinotus Brandt

P. meridionalis Balss

P. kessleri Czerniavski

P. rtipportensis Yokoya

These speciesare all important edible prawns, and all are found in northern Japanwith the
exception of one species population of Pandalus nipponensis. With regard to larval culture,
three of these species have been studied by Japanese researchers in northern districts
Kurata, 1955 and 1964; Kashiwagi and Ohkawa, 1973; Motowo, et al1975; Ohmi and
Yamashita, 1978!.

Pandalus borealis KrOyer,

This prawn is distributed on the northern Pacific and Atlantic coasts and around the Arc-
tic Ocean. In Japanit is found in deep coastal waters off Hokkaido and in the Seaof Japan.
Total catches of the prawn from all these Japanesefishing grounds have recently amounted
to about 2,000 tons annually,

The hatched larvae of the species were fed on three different diets: a! the rotifer,
Brachionus plicatilis, b! the brine shrimp, Artemia salina, and c! larvae of the sea urchin,
Hemicentrotus pul!cherrirrtus, at a seawater temperature of 3'C on the coast of Noto Penin-
sula, located in the middle of the Seaof Japancoast by Motowo, et al, 975!. The survivor-
ship of the larvae in 42 days of culture was highest 5 percent! for those fed on the rotifer.

Ohmi and Yamashita 978! studied the optimal temperature for rearing larvae of this
prawn on the coast of Volcano Bay, Hokkaido and reported that the water temperature of 9tsC
was optimum, giving an 8 to 13 percent survivorship rate for 60 days of rearing.

Pandalus hypsinotus Brandt.

This prawn inhabits deep-sea areas of the Bering Sea as fax as Alaska, and from the
southern coast of Hokkaido to the middle region of the Seaof Japan. It is edible on the coast
of the Hokuriku region.

Ohmi and Yamashita 978! contributed to the knowledge on rearing this prawn. The op-
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timal temperature for rearing the larvae was 8 to 9'C. Hatched larvae were fed on three kinds
of diets, brine shrimp, artificially synthesizedzooplankton, and formula food for fish fry,
Those fed on the brine shrimp diet showed the highest survivorship 8 to 20 percent! and
finished the sixth molting in 60 days of culture. Larvae fed on formula food TP-2! and on the
artificial zooplankton showed only 6 percent survivorship and only a few individuals fin-
ished the sixth molting. The author pointed out that aeration was useful for raising the sur-
vivorshipduring rearing.

PandaJus kessleri Czerniavski

This prawn inhabits rather shallow water off the Kurile Islands, Hokkaido and northern
districts of Honshu, on both the Pacific and the Seaof Japan coasts.

Kashiwagi and Ohkawa [1973]cultured adult females having fertilized and developing ova
in a double-net crawl in shallow coastal waters in Yamada Bay, Sanriku District, employing
minced fish-flesh asfood. The fine outer net of the crawl 5 x 23 meshesper inch! contained
the hatched larvae, while the ovigerous adult females were retained in the inner net x5
meshes per inch!. The bottom of the net was covered with artificial marine algae made of
vinyl chloride. The relationshipshetween the number of artificial marine algae andthe sur-
vivorship rate of hatched larvae were clear. The results obtained in the experiments in-
dicated that cannibalism was one of the most important factors controlling the survivorship
of hatched larvae.

Materials and Methods

The ovigerous female prawns used for the present experiments were obtained using a
basket net on the continental slope of Suruga Bay at a depth of 460 meters on 5 February
1980. These ovigerous females were cultured in aquaria in the Marine Science Museum of
Tokai University. From 6 March to the end of March, larvae hatched out intermittently. The
environmental conditions during the experiment were 10.6'C water temperature, pH 7.7,94
ta 95 percent saturation dissolvedoxygen,and 33.84to 34.11 percent salinity. Also NO,-N
nitrite  nitrogen] was 0.003 to 0.015 ppm, and NH,-N ammonium nitrogen! was 0.002to
0.003 ppm.

The water temperature for rearing larvae was determined to be 10'C basedon the results of
preliminary experiments carried out in the previous year. The aquarium far rearing was
made of glasswith a capacity of 10liters. A filter tank of the same capacity was setup and
connected to the rearing tank by a siphon. The water in the tank was allowed to circulate.
Larvae with densities of 60 A series] and 30 B series! were contained in each aquarium.

Minced flesh af the little clam, Tapesphilippinarum, was supplied daily at about the same
weight as the body weight of the larvae in their molting stage. The wet weight of the body
was measured when they completed molting, and at the sametime the survivorship rate was
recorded.

Results and Discussion

Growth of Larvae Following Molting

The process of growth of the larvae following molting is shown in Figure 1. In the figure,
the abscissa shows the stage of the larvae, the left ordinate shows carapace length and the
right ordinateshowswet bodyweight. Thebodylength,that is the lengthfrom the baseofthe
ocular peduncle to the end of the telson, in their first, third and sixth stage,was about 5.7, 6,9
and 11.1 mm, respectively,

In the first and second stage, the segmentation of pereopods was imperfect and the telson
and pleopods were not separated. In the third stage, formation of the telson and the tail fan
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Figure 1. Relationship between the molting stageof larvae and the carapace length left ordinate, solid lines!, and
relationship between the molting stage and the wet body weight of larvae right ordinate, broken lines!.

Open and solid circles show the A series 0 larvae reared in 10 1 ofseawater! and the ft series 0 lar-
vae in 101!, respectively.

was nearly completed. The pleopods were almost completed in the fourth stage Figure 2!. In
the process of the experiments larvae finished the sixth molting and reached the seventh
stageby the end of the 55 days of rearing. At this point in time, the larvae had about the same
morphological characteristics asthose of adult individuals.

The velocity of development was about equal with the three Japanesespecies belonging to
the genus Fortdolus mentioned above. Interrelations between the molting stage and the for-
mation of appendages of larvae obtained in the experiments were about the same as the
results obtained by the studies on Pandalus borealis by Berkeley 930! at British Columbia,
Canada, and on P. kessleri by Kurata 955 and 2964! at Hokkaido, Japan. Kurata 964!,
however, pointed out that the relationship between the formation of appendages and the

Figureg, Larvae from the top picture to the bottom showing the first to the sixth molting stage.
Thetelsonandthetail fan are nearlycompletedat the third molting stageand the abdominalappen-
dages pleopods! are nearly formed at the fourth molting stage.The scaleshowing in the right bottom of

the picture "5" indicates 5 mm in length.
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moltingstageas notalwaydixed,buttheformatiorof appendages changeablgepending
upon the environ.mental conditions for molting.

Thechangef waterqualityfrom 11Marchatthestartof theexperimento 4 Mayatthe
completion of the experiment,is shownin Figure 3.

Survivorship Rate of Larvae

Thesurvivorshipateof larvaeatthe cotnpletiorof moltingis shownn Figure4. Theor-
dinate showsthe survivorship rate in percentageagainstthe total numberof larvae 0 in A
series, 30 in B series] at the start of rearing. Similar to Figure 2, the white circle shows the
ratio for A seriesand the solid circle for B seriesFigure4 indicatesthat the mortality of the
larvaein the first molting stageis ashigh as12to 25percent,whereasthe mortality from the
secondmolting stageto the end of the fifth molting stageis only 22to 25percent.From this
fact, it is known that the mortality is high in their early stageof developmentNo significant
difference was confirmed in the mortality between series A and B.

Estimation of NH;N and NO,-N was mostuseful for the monitoring of water quality for
raising survivorshipratesof rearinglarvaein the experiment;i.e.,optimum rangesfor larvae
were under 0.4 ppm in NH,-N and 0.1 ppm in NO,-N concentrations.

Ingestion Rateof Larvae When Brine Shrimp Nauplii Were Fed
Three beakers were filled with seawater and aerated. Then four larvae, 24 hours after
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Figure3. Prevalencef NH;N andNO,-Ninthe seawatero the A seriesof rearinglarvae, The arrowsindicate
the time point of exchangeof water. The sameprevalencevas alsoobtainedin the B series.
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Figure 4. PercenteSesurvivorship rate et the time when each molting stage wes finished. Open and solid circles
show the A series and the B series of rearing larvae, respectively,
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hatching, were put in eachof the beakers.In eachof the beakers,some200brine shrimp
nauplii which had beenhatchedfrom winter eggsand were frozen at -20eGvere put in as
food, After 20 hours, the humber of brine shrimp nauplii eatenwas counted. The ex-
periments were repeated three times and the average numbers were plotted as shown in
Figure 5 where the survivorship rate is shown on the left ordinate by a black dot and the
number of nauplius ingestedis shown on the right ordinate by a opencircle, The lapseof
time is shown on the abscissa of the figure.
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Figure 5. Percentage survivorship rate at each stage from hatching until aH larvae finished the first molting
solid circles, left ordinate!, and the relationship between the number of the Artemio nauplii taken by a
prawn larva and the lapse of time in days of rearing open circles, right ordinate!.

The larvae beganthe first molting on the third day. The cumulative molting rate was 17
percent, 25 percent, 78 percent and 100 percent on the third, fourth, fifth and sixth days,
respectively. That is, all the larvae reached the second stageby the sixth day, The conversion
efficiency of food, the ratio betweenthe increaseof the bodyweight of prawn larvaeandthe
weight of nauplius ingested, was about 22 percent.

It seemsthat larvae of Pandalusnipponensis enter bottom life right after the hatch and they
do not swim in the middle layer of water. Relating to this behavior, it was found that they
never ate the live brine shrimp nauplii supplied in the aquaria. Therefore, in the present ex-
perimentinstantly frozen brine shrimp nauplii were givento the initial stageof larvae,and
then minced flesh of the little clam was fed for later culture. This habit was not observed in
other species of the genus Pandafus,

Egg Size of an Ovigerous Female

The size of an egg rapidly increased in the ten days before hatching. The increase was
especially remarkable in the longer diameter. The longer diameter of the eggincreased from
2.4 rnrn to between 2.6 and 2.7 mrn in the first month after the ovigerous female was cap-
tured. The shorter diameter of the egg increased only from 1.8to 1.9 mm to 1.9to 2.0 mm.
However, during the ten days before hatching, the longer diameter of the egg reached aslong
as 3.1to 3.2rnrn, whereasthe shorter diameterbecame2.0to 2.1 rnm, Hence,the longer
diameter increased very rapidly, and the egg became oval,

Number of Eggs of an Ovigerous Female

The carapace length and wet weight of 22 ovigerous females were 30.25to 37.20mm and
25.0to 40.0 grams, respectively, The number of eggswas between 455 and 762. Generally
speaking, present speciesin which diameter of eggsis large, carry small numbers of eggs,
while the species having eggs of shorter diameter carry larger numbers of eggs.Allen 963!
reported that in the case of Partdalusborealis, the female with a body length of 125rnrnhad as
many as 1,300 eggs with their diameter around 1.1 mrn. Also, Kubo 951! reported a case
where P. kessleri had 400 to 700 eggswith a longer diameter of 2.2 rnm.
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In conclusion, the present speciesis considered an allied species of P. kessleri distributed
in Hokkaido.
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Environmental Gill Disease KGD!:
What It Is and What to Do About It

George W. Klontz, A. Jim Chacko and M, H, Beleau
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Description and Significance

_Environmentaill diseaseEGDIs a subacut® chronicnoninfectioudiseasefjuvenile
fishbeingaisedindeintensiveultureonditionsthasa complestiologwiththedirect
causeconsideredo beaccumulationef sufficientlevelsof free undissociate@mmonia
and/orsuspendearganicrinorganicsoliddo causehemicahndphysicalrritationof the
gilltissuesindirectcausesf diseasarefeedingate Ibsof feed/10sof fish! fishdensity

Lbof fish/ft'!, dissolveaxygerevelsalkalinity temperatureandpH of thewater.

Histopathologically the lesionsarerestrictedto the lamellar epitheliaunlessthe condition
is furthercomplicatedby aninfectiougprocessAccordingo interpretatiorof availablen-
formation,the pathologigorocesss initiatedwith hypertrophyof the lamellarepithelial
cells,Thesequencef subsequemrhangess obscurédutthe followingchangesavebeen
recordedseparatiorof the lamellarepitheliumfrom the capillaryendotheliunwith ac-
cumuﬂlatior]sffluid;Ic_)calhyp_erplasia)ftheIamelIa_repitheli_umgenerahyperplasiafthe
lamellaepitheliurwith partiato completecclusionftheinterlamellapacesulbous
engorgemeimif the lamellaevith subsequemtiptureandfrankhemorrhage.

Clinically thefishexhibitincreasedespiratonactivity,anorexiandlethargyThemor-
talityratein uncomplicat&GOs seldoraeryhigh Its maineffectarereducedrowth
rates, reduced dietary efficiencies,and increasedﬁroductio_n costs. However, un-
complicatdeiGDs moreheexceptiothartherule.Theconditionofterundetectefie-
quentlyis the harbingenf infectiougprocessesausedy cutaneouandsystemibacteria
andbyexternglrotozoamsmdnetazoansll ofwhicharefrequentlypifiedyextremely
high morbidity and mortality rates.

The foregoingdescription of EGDis basedupon a collation of the observationsand inter-
pretation®f Klontz,etal, 980!, WoodandYasutaked57!, SmithandPiper 975!, Bur-
rows 964!, Smart 976!, Bullock 972!, Walesand Evins 937!, Eller 975!, Hartman
979, unpublishedWesterandPratt 977!, Larmoyeu&andPiper 973!, Wood 968 and
1974!and Snieszko 974!,

Unfortunately, there are no pathogeneticdescriptions of EGD nor are there studies
reportedin which fish-generatedmmonia-Nand fecal solidshavebeenquantitatively
assesseidsofarastheir individualor collectiverolesin the processThe majorityof the
studiehavedealiwith thetoxicologica¢ffectofintroducecammonia-Mnthegill tissues.
BrettandZala 975! havequantitatetheammoniaxcretiorby sockeyéngerlingsuttlid
not correlate this with any pathological changesin gill tissues.From their data, we con-
cludedhatsockeysalmoriingerlingstanyrate andperhapsalmonids generatan
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generawufficienexcretorgroductto createlinicaEGDI'hisconclusiois supported
bytheobservationsportedy SmitrandPiper975!'andbyMclLeamandFraseiQ74!.

The major pathophysiologicallteration resultinéggom_ the thickenedgill lamellar
epitheliuns reducedxygenptakevhichdecreasdseabilityoftheaffectetishtowith-
standherigorsof a stressfgituatiomomattekvhatthecauseéWedemey&70!and
Snieszkd®74] haveindependentlgndcomprehensivetiescribethe potentiabf stress-
activated clinical disease caused by infectious agents.

Ina survegfpubliandprivatesalmonitdatcheries IdahoKlontz973!documented
that morethan 50 percentof the facilitiesvisitedreportedhavinghad significantstress-
related occurrencesof infectious diseaseslt was estimatedthat 40to 50 percentof the an-
nual mortality oftenashighas50percentrom eyedeggto releaser processingh fish
hatcheriesvasdirectlyattributableo the existencel' EGDprior to the onsetf theinfec-
tious process.

Treatment Methods

At this time in our research,we think the bestway to control an occurrence of un-
complicatdeiG Dstowithholdeedromthefishforatleas#i8to 72hoursthatsif thel'ish
ardargenougdiopermithispractic&islsmallehar20@o 30(pempoundhouldot
havefeedwithheldor morethan24hoursThismethodnarkedlylecreasdsothsolidsand
ammonia-feneratiothetwomajocausesfEGDIt alsaeducekeoxygedemankly
the__fish.

Thenexistepstoeithefncreasdewaterflowtothepondrreducéhebiomass the
tanlkorbothlnourexperiendbemajorcontributingause® EGLareoverloadimmpnds
and insufficient  water flows.

If the outbreakof EGDis complicatedwith one or more infectious agents protozoa or
bacteriathen specifictherapyshouldbe instituted.With respectto chemotherapeutic
measure®r EGD wein thefoodfish-raisindusinesarecaughbetweerherockandthe
hardspotToourknowledgenlysalthasbeerapprovelytheFDAforexternalisein
food fish. As anyonewho has treated gill diseasesin fish will relate, several
chemotherapeutat®nthelistofapprovechemicalreusedoutinelyntreatingill
diseasesf foodfish,Sowearenotgoingo recommendnyspecific'wonderdrugs'toadd
tothewateto treatgill diseas&ut,wewill recommeradwaypywhichthechancefor
therapeuticefficacy will be enhanced.

Thefirst taskis to makean assessmenasto the nature of the gill diseasej,e isit simple
EGDor is it complicatedwvith an infectiousagent?f it is uncomplicatedEGD,then
withholdingeedreducinghebiomassndincreasinthewaterflowwill oftensuffice.
There are no chemicals,to our knowledge,which will accomplishthis task.

If thereareinfectiousagentgpresentthena chemicalreatmenis warrantedhowever,
the treatmentor EGDmuststill be instituted After choosinga particularchemicaland
selecting dosa@®dimeofexposuré sstronglyecommendetita bioasshgrunto
verifythattheparticulachemicandexposuténeareeffectiven resolvintheproblem.
Thus fish mustbeexaminedbeforehebioassagndafterwardspreferablyatthetermina-
tionof theexposurngeriocandtwoto fourhourdater to determinechemicatffect.
Thebioassayethodshou!dndicatepositiveresultdbeforehemethods appliedo theen-
tire lot. In our collectiveopinion,groupof fisharecontinuallybeingtreatedandretreated
withouainyregardortheefficacyA decreasingprtalityatasnotsufficienévidendey
itself to demonstrate efficacy.

Prevention Methods

Themoseffectivanethodo prevenEGDthatweknowofisto keegpondoadingsothat
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critical levelsof oxygertensionarenot presentln addition feedingatesandfeedingtre-
guenciesmustbekeptatlevelswhereammonia-Nand fecal solids,plus uneatenfeed,do not
accumulatet tissuedamagingand growth restrictivelevels.Finally, waterreplacement
timesin racewaysshould be between20 and 30 minutes. This provides for adequatewater
velocityto helpreducegheammonia-Nindsolidslevelsplusprovidingoxygemmake-up.

Withrespecto pondloadingsthesimplesandperhapsafestmethodo determingpond
carrying capacityis that derived by Piper 972!. By using a temperature-elevatiowompen-
satedtable the factorobtaineds multipliedby the averagdish lengthin inchesandthe
waterinflow in gpm,andtheallowablemaximumiveightof thatsizedfish in thepondis
derived. Other methodshave beenpresentedby Klontz. etal. 978].
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Effects of Injection of Hormones on the Expression of
Infectious Hematopoietic Necrosis Virus in
Spawning Sockeye Salmon Oncorhynchus nerka!

Roger S. Grischkowsky* and Dan MUIcahy**

| Fish Pathologyt.aboratory Alaska Departmentf FishanriGarne AnchorageAlaska;
*U,S. Fishanti Widt!lif'Service National FisheriesAesearctCenter Seattle Washington!

Infectioushematopoieticnecrosis IHN! is a virusdiseaseoccurring in virtually all popula-
tions of sockeye salmon [Oncorhynchus tterkal Amend and Wood, 1972; Guenther, et al
1959; Grischkowsky and Amend, 1976; Parisot, et al., 1965; Watson, et a! 1954; R. S.
Grischkowsky unpub. data!.While the diseasehaslittle apparenteffecton naturally spawn-
ing populations,when infectedferal fish are usedasan eggsourcefor a hatchery high mor-
tality ratesin the hatchedfry oftenresult. This mortality rateis typically 90percentpositive
during the period of an epizootic.Largescaleosseson natural populationshavebeenknown
to occur Williams and Amend, 1976!.Recently,approximately 14 million sockeyealevins
havedied from the diseaseduring oneyear at three Alaskan hatcheries.The appearanceof
IHN virus in returning adult sockeyesalmonis closely correlatedwith the spawning act
Mulcahy and R. S. Grischkowsky,unpub. data!.Using ovarian fluid OF!asa sample Wat-
son, et al., 1954]from carrier fish, the virus may be absentor presentin lower titer before
spawningoccurs.Wetestedthe useof sexhormonesto slightly advancethe spawningtime
of naturally infected sockeyesalmonto determine if eggscould be obtained prior to the
appearance of the virus in OF and asan attempt to provide rapid virus incidence determina-
tion prior to a hatchery eggtake, Human chorionic gonadotropin HCG Sigma Chemical
Co.] and foflicle stimulating hormone FSH Sigma Chemical Co.!were used rather than us-
ing salmon pituitaries or commercially available carp pituitaries because we wanted to
eliminate any possibility of introducing adventitious fish viruses into the feral salmon at the
experimentsite. Hormoneshave beenusedto artificially advancespawningin other fish
species Donaldson, 1973; Fontaine, 1976; Yamazaki, 1976!,

Experimentswere doneat Lake Kerkain westernAlaska. Slightly unripe female sockeye
salmon were seined from Little Togiak River for the FSH experiment and from the north end
of Little Togial.akefortheHCGexperimentl hefishwereplacedn pensona gravebeach
and eachpopulation separatednto experimentaland control groupsof about60 fish each.
Theadiposdins of thecontrolfishwereclippedasa markerFishweightaverage@,10@.
Eachexperimentalfish receivedeither 1 1.V, of HCGor 101.U,of porcine FSHin 2.5ml nor-
mal saline. Control fish received 2,5 ml of normal saline. Injections of hormones or saline
were madeinto the dorsal musculatureimmediately anterior to the dorsalfin.

Weattemptedto obtain OF samplesfrom eachfish the day after injection and thenevery
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other day for five FSH experiment! or six HCG experiment! days post-injection, After six
days the fish and pens were destroyed by bears, Fish were not sampled if they had not suffi-
ciently ripened to yield eggs or OF when pressure was applied to the abdomen. From each
ripe fish, a few ounces of eggsand OF were stripped into a paper cup. The OF was decanted
into a sterile tube which was then placed on ice.

Preliminary sample processing was done in the field and consisted of law speed cen-
trifugatian ta remove debris and blood cells, and the addition of antibiotics penicillin, strep-
tomycin, gentamicin and rnycastatin!. Processed samples were shipped on ice by air to the
laboratory and cell cultures were inoculatedwith all sampleswithin sevendaysafter they
had been taken. Samples were tested for IHN virus by standard virology and cell culture
methods American Fisheries Society, 1974! using the fathead minnow Pimephales pro-
melas! cell line FHM]. The virus in positive samples was titered an FHM cells by the 50 per-
cent tissue culture infectious dose TCID! end point method of Reed and Muench '1938!.

No significant advancesin ripening of the injected fish were noticeable becausethey were
very close to ripe when injected, For the HCG experiment, 88.7 percent of the samples from
the injected fish and 91,8 percent of the samples from the control fish were IHN virus
positive. The total perce~t positive samples from the FSH experiment was 82.8 percent for
the hormone-injected group and 80.4 percent for the control group. The differences in the
results of the two experiments were due to the use of different populations assources of fish.
These data indicated that the hormones, at the levels injected, did not appreciably induce or
totally suppress the virus in the experimental fish.

The overall mean titer of all positive OF sampleswas 10" TCID per ml from the HCG-
injected fish and 104.4TCID per ml from the control group. This apparent difference is due
ta the presencein the HCG-injected group of one sample taken on the first day post-injection
with an extremely high titer of 10" TCID per ml. This is ten times greater than the next
highest titer of a sample from any group. In the FSH experiment, the means of all titers in
each group were 10'~ TCID~ per rnl and 10" TCID per ml for the FSH-injected and con-
trol groups, respectively.

Figure 1 shows the daily means of the OF virus titers. In the HCG experiment, the daily
raean titers of the hormone injected group showed an apparent decrease over the first four
days after injection. The control group titers remained constant, However, analysis of
variance revealed no significant p =0.10] difference between the control and hormone-
injected groups. A different pattern of virus expressian is seenin the FSH experiment in both
the hormone treated and control groups. The daily mean virus titers of the control group
show a steady increase peaking on the fourth day. The hormone-injected group showed a
fairly level daily mean titer over the course of the experiment. The maximum difference in
titers between the FSH-injected and control groups occurred on the fourth day post-
injection. This thousand-fold difference in mean titers was significant atthe p = 0.10level
but not at p = 0.05 by analysis of variance. Injection of FSH apparently prevented the rise in
titers which occurred in the control fish. The difference in expression of IHN virus seenbe-
tween the control groups of the two different populations of salmon may be due to intrinsic
differences in their expression of this disease, or the fish were at different stagesin their
spawning cycle Mulcahy, unpub. data!.

Although FSH-injection reduced the mean titers attained, it did not prevent the ap-
pearance of IHN virus, asjudged by the identical percentage of positive samples from the
control and hormone-treated groups, We examined haw the hormones affected the distribu-
tion of virus titers by making frequency histograrns Figure 2! of the virus titers of both
hormone-injected groups and their controls. HCG-injection did not alter the distribution of
virus titers compared to saline-injected controls. However, injection of FSH appearedto pre-
vent development of the highest virus titers. Atotal of 27.6 percent af the titers from the con-
trol group exceeded 10" TCID~ per ml, but only 4.2 percent of the FSH injected group ex-
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Figure2.  Frequencyhistogremsof 1HNvirus titers in ovarian fluids of control [saline-injectedand HGG- left!
and FSH- right! injected fish.

ceededthat level. Presently, we do not know the influence of virus titer on the efficiency of
egg-associatedtranstnission of IHN virus.

In in vitro tests using a fish cell culture system, FSH did not significantly alter the adsorp-
tion of epitheli ornapapiliosum carpio EPC! IHN virus to the cells. At the levels tested 0 t,
10", 10', 10'and 10'units per ml!, there was no significant change in virus yield after six
days exposure and no definitive results occurred.

Presently, the only effective means of avoiding the high mortality rate characteristic of
IHN in hatchery reared fish is to avoid contact of the pathogen with the host. Clearly, this is
difficult when all potential sourcesof sockeye salmon-eggs are naturally infected with virus.
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Sincetheseexperimentsrepresentonly the secondn vivo modification of the host-pathogen
relationshipwith this diseasegf/Amend, 1976! we feel this approachmerits further effort.
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Viral Disease®f SalmonidFishin Oregon
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Abstract

Selectepopulationsf salmonidishin thehatcheriesiversandlake®fOregohavebeerexamineedxtensive-
ly forthepresencef virusepathogenimrthesepecieg.wovirusehavebeensolateduringthecoursefthis
investigatioandbothhavecausedignificanmortalityamonglevintroutor salmoninfectiousiematopoietic
necrosis IHN! virus and infectious pancreatic necrosis IPNI virus have also been recovered from adult saimonids
which were carriers. Evidencefor the presenceof viral erythrocytic necrosis VEN!virus hasbeenfound in red
bloodcellsof fish takenin watersalongthe Oregoncoast,

Introduction

Withtherecognitiorof virulentvirusesn certainsalmonigopulationst becaméampor-
tantto obtaininformationconcerninghe prevalencanddistributionof theseagentsn
Oregonwaters Mulcaby et al., 1980!Suchinformationwasneededn orderto identify
potentialsourcesf virus-freeeggsfrom wild fish, to avoidthe transferof fish carrying
virusego hatcheriesr waterdreefrotnsuchagentsandto assesthepossibleffeciof the
viruseson the maintenanceand welfare of Oregonsalmonidfisheries.Accordingly,
salmonigopulationbavebeerexatninethroughouthestateoverthe22yearperiodfrom
1958 through 1980, for the presence of viruses. Hatcheries, rivers and lakes have been
includedlt isthe purposef thisreportto provideinformationconcerningheoccurrence
and distribution of salmonidvirusesin the Stateof Oregon.

Infectious Hematopoietic Necrosis

Thefirst occurrencef diseaseausedy whatis now presumedo be IHN viruswas
observedh sackeysalmonOncorhynchuserkttjin hatcheriest Winthropand Leaven-
worth,Washingtorandwasdescribetdy Ruckeretal. [1953Watsonretal, 954! reported
further experimentalevidencefor the viral etiology of this diseaseln 1958,an outbreakof
diseaswitha highmortalityateappearesimongoungockeysalmoimattheOakridge
SalmonHatcheryin Oregon.Usingprimary fish cell cultures,an infectiousagentwas
isolatedromtissuef sockeysalmon PilcherandFryer,1980aThediseas&vastrans-
mitted to juvenile sockeyesalmonby injection of either cell culture fluids or bacterial-free
filtratesfrom infectedsa morissuesj. W.Wood personatommunicatiordetnonstrated
thepresencef a f Iterabl@gentn sockeyat_theOakridﬁéSalmori—l_atcher;priorto these
observation¥oogreparedomogenatafsnfectedish passethisthrougla porcelain
filterandnjectethebacterial-fré#ratentohealthgnimalgroducindeathvithsigns
typical of IHN, This work wasaccomplishedbout1957In 1967 Amend,et al. 969!
isolateda virus from diseaseutbreaksn rainbowtrout Sa!magairdneriland sockeye
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salmon in western Canada. Studies of these isolates indicated that they were similar to the
virus recover<>dlIrom sockeye salmon in Oregon. Pronounced cytotropisrn or the
hematopoietictissuesof the host suggestedhe name "infectious hcmatopoieti<necn>sis"
IHN! or the <liscase.

'I'nc viralagent is<>latedront infected fish was found to replicate in sockeye salm<>rrell
cultures, producing characteristic cytopathic effects Wingficld, et al., 1989!. The maximum
rate of repli<;ation occurred in the te<nperaturc range of 13 to 18eC,and no replication
occurred at 23 C, though host cells grew well at that temperature.. Infectivity was destroyed
E>gther, indi<:aiing tl>epresence of essential lipids, The virt>sreplirated in the cytoplasm ol'
fish c<.lIsin <.'ulture McAllister, etal., 1974!and its genome was shown t<*he single-stranded
ribonucleic arid RNA!. Examinations of IHN virus hy means of electron n>icroscopy
revealed bullet-shaped virions with _a mean length of 188 nm and adlameter of 70 nm

bser\! . !sulted in

infectious t>ematot>oiotiu
necrosis virus IIHNVI.
Fnii is ZOOm,

In juvenile sockcycsalmon, one of the most characteristic signs of infection was the
presence of long, opaque, feralcasts trailing fron>the vent, Ascitcs, cxophthalmos and
hemorrhagic areas in the musculature adjacent to the dorsal kidney and spleen wore also
observed. Internal gross signs include a pale liver, kidney and spleen, Microscopic examina-
tion ol'the viscera shows extensive degeneration and necrosis in the kidney, spleen and pan-
creas; and the.'hematopoietic tissues of the kidney and splcon t>rc most severely damaged
Amend, et al., 1969!.

The appearanceof IHN amonghalrhery stocksis often characterizedby the explosive
nature of the diseaseand the high mortality rate produced. Natural cpizootics have orcurred
in juvenile rainbow and steelhead trout Salmo goirdneri! as well aschinook Oncorhynchus
tshawytscha] and sockeye salmon, and cutthroat trout Salmor!arki! have been experimental-
ly infected. Cohosalmon Oncorf>yr>ch&ssutch! are resistant, The signsof the diseasein
chinook salmon are similar to those in infected sockcye salmon and rainbow trout, and the
hcmatopoietic tissue of the kidney undergaes extensive damage Yasutake, ci al., 1965!,

Infectious Pancreatic ~ Necrosis

The disease,infectious pancreatir necrosis IPN!, was first described by McGonigle 941!
as an "acute catarrhal enteritis* in very young brook trout, Salvelinus fontinalis. The infec-
tious nature of the disease was established by Snieszko, et al. 959! and the virus was first
isolated by Wolf, ct al. 960!, A cytopathir. effec CPE! was produced hy the virus in brook
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trout cell cultures carried through nine serial passages.Culture fluids from the sixth and
eighth passageroducedthe typical diseasewvhen fed to susceptibleyoungbrook trout.

Since this virus was first isolated by Wolf in 1960, numerous isolations have been made
from infectedsalmonidsby other investigatorsn North America, Vuropeand JapanPilcher
and Fryer, 1980a!. The virions of IPN are icosahedral with amean diameter of 55 nrn
Lightner and Post,1969'and a capsomecount of 92.'I'he viral genomeis composef two
segmentof double-strandedRNA Dobos,1976!IPN virus hasthe samesizeand shape,as
thoseof the reovirusgroup, hutlacksthe inner capsidandits double-strandedRNA hasonly
two segmentdnsteadof len, The morphologyof the virions is shownin Figure 2.

Figure 2. Electron micrograpb of infec-
lious necrosis virus t[PNV!. Bar
is 100 nm,

Thefirstrecognizegpizootic of infectiougpancreatitecrosiswasreportedn fingerling
brook trout by Snieszko, et al. 959!. Since that time outbreaks have been described in rain-
bow, cutthroat, and brown trout [Salmatrutta! and Atlantic salmon Salmaoso!or!,A sudden
increasein mortality is oftenthe earliestsign of an IPN epizootic Yasutake 1970!Many of
theinfectedishexhibitanabnormatypeof swimmingcharacterizedya corkscrewingr
whirling motion, They may alsoshow one or more of the following signs:dark coloration,
exophthalmiaor ascites,Internally, a mucoid plug in the stomachand anterior intestineis
oftenpresentA paleliverandspleenpetechiaén thecaecabhreaandanemptydigestive
tract are also characteristic,

Histologically, thereis massivenecrosisof the acinar cellsol' the pancreaswith pyknosis
of nuclei and inclusionsin the cytoplasm|]slet tissuemay also show such changes.
Pathologicahanges thehematopoietitssueofthekidneyhavebeerfoundfrequentlyn
terminal cases,resemblingthosefound in early casesof infectious hematopoieticnecrosis
Yasutake, O al., 1965!.

infectious pancreatic necrosisvirus was detectedfor the first time in Oregonsalmonids
during 1971,Wild cutthroat trout in a small streamwere serving as carriers of IPN virus,
During the sameyear, IPN virus wasisolatedfrom adult cohosalmonbeingspawnedat the
BonnevilleHatcheryon the ColumbiaRiver McMichael, 1974! Thesesalmonalsoappeared
to be healthy carriers of the virus.

Viral Erythrocyric Necrosis

Laird and Bullock 969! describeda pathologicalcondition in the erythrocytesof three
fish speciescod, Godusmorhua,seasnailLiparis atlanticvs,and shorthornsculpin,
Myxocephalus scorpius, collected from coastal waters of oaslern Canada and nortltwestern
United States.They observedby light microscopy,eosinophilit:inclusion bodiesmeasuring
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up to 1 pm in diameter in the cytoplasm of infected erythrocytes. The nuclei of such cells
became distorted, and around clear vesicle developed within them, containing dense stain-
ing particlesfrom 0.25to 0,5pm in diameter, They suggesteda possibleviral etiology,and
named the diseasepiscine erythrocytic necrosis. Recently the disease has been referred to as
viral erythrocytic necrosis VEN!,

Inclusions have also been observed with erythrocytes of the Atlantic herring, Clupea
horengus horengus Sherburne, 1973!,and the blenny, lliennius pholis !ohnson and Davies,
1973!.Sherburne 977! disclosed the presence of the sametype of inclusions in erythrocytes
of the anadromous alewife, Alosa pseudoharengus,from Maine coastal streams, The same or
very similar condition has been reported in Atlantic herring by Philippon, et al. [1977] and
Reno, et al. 978!.

Walker 971! found what appeared to be the same condition in two of 18 cod from waters
off the coast of New Brunswick. Electron microscopic examinations of erythrocytes
revealed the presence of large cytoplasmic particles with hexagonal profiles and center spac-
ings of 350 nm similar to virions of the iridovirus group.

Walker and Sherburne 977! indicated that a cytoplasmic structure adjacent to a group of
the virions, which they called the viroplasm, was Feulgen positive, and concluded from this
that the hexagonal particles represented a DNA virus, This evidence however must be con-
sidered presumptive.

Evelyn and Traxler 978! found VEN in chum and pink salmon, Onoorhynchus keta and
Oncorhynchus gorbuscha, taken off the Pacific coast of North America in 1976. It was en-
countered frequently in these species held in net pens in seawater, and seemedto be most
severe during the summer. Mortalities caused by VEN were low, i.e. up to 0.3 percent,

These workers also demonstrated the infectious nature of VEN by injecting uninfected
churnand pink salmon with homogenized kidney and spleen from infected chum salmon,
Nine of ten pink salmon inoculated with fourth passage material showed infection within
three weeks, as determined by examination of blood. The same inoculum failed to infect
chinook, coho or sockeye salmon. Attempts to isolate the virus by inoculating rainbow trout
gonad, chinook salmon embryo, and fathead minnow cell cultures, were unsuccessful, The
average measurementbetweenopposingapices of the hexagonal and pentagonal particles in
the blood of experimentally infected fish was 190 nm. The morphology of the virions and the
inclusion bodies within erythrocytes are shown in Figures 3A and 3B.

The chief pathological change observed in VEN infected fish has been abnormal
erythrocytes, which contain eosinophilic inclusion bodies and distorted nuclei. The latter
may include around clear vesicle enclosing anumber of dense staining particles from 0.25
to 0.5 pm in diameter. Evely~ and Traxler 978! found that infected chum and pink salmon
were anemic, and histologically the kidney showed extremely active hematopoiesis.

M ate ri ala and Methods

Infectious Hematopoietic Necrosis and Infectious Pancreatic Necrosis Viruses

The number of Fish sampled from a population was generally in accordance with
Ossiander and Wedemeyer 973! for detection of a minimum 5 percent carrier incidence.
Fewer samples were taken if fish showed external signs of disease and a viral etiology was
suspected. The tissues and fluidsfor examination were selectedto maximize the detection of
virus. The size and sexual maturity of the fish also helped to determine the type of sample for
analysis Fryer, etal.~1979!.Whole fish, visceral organs or gonadal fluids were prepared for
analysis as pools from five fish by standard methods Fish Health Section, American
Fisheries Society, 1979!.

Gonadal fluids were diluted 1:5 while tissue homogenates were diluted 1:100 in buffered
saline, and inoculated onto fish cell cultures. These cell cultures were grown in Eagle' S
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rigure3. Viral erythrocyticnecrosisVEN!;a! eiectronmicrograph®f virions within fish erythrocytes,
b!light micrographshowing inclusionswithin infectederythrocytes.

MinimumEssentiamediumsupplementedith 10percenfetalcalf serum MEM-10&nd
buffereavithsodiunbicarbonasndncubatedt 16to 18e@!iquotsfsamplesuspen-
sionwereinoculatedntocel' monolayerthat wereapproximately5perceniconfluent.
Ninety-six well flat bottom culture plateswere most often used, however, 12 and 24 well
platesand25cm’ plastiélasks werealsofrequentigmployed.

The chinook salmonembryonic CHSE-214dell line Fryer, et al., 1965]was used
throughouthis work. Duplicatesamplesverealwaysinoculatedntoa seconaell line,
usual ythesteelheatfoutembrgonidine STE-137%ryeretal., 1965!Therainbowtrout
gonadRTG-2Wolfand@nimby,962fatheadhinnowFHM! GravelndMalsberger,
1965andepitheliomaapillosunctyprini EPC! Tornaseand Fijarr,1971tell lineshave
also been util ized.

Inoculatedce cultureswereexaminedaily for 14 daysby microscopyForpossible
developmerdf CPE.Samplesvereconsiderategative after 14 dayofincubatioif no
CPEwasobserved)uringthe pastthreeyearsculturefluidsfromsuch preparationsvere
furthemnalyzeldyinoculatindpenontdreskcelimonolayeasdncubatingpenforan
additional 14 days blind pass!,

If CPEwasobservedihe culture fluid wasdiluted 1:100in buffered salineandinoculated
ontofreshcellstoa finaldilutionof 1:1,000f CPEagaindevelopednotherl:10@lilution
oftheculturefluid_dilutionof originalsamplenow1:1,000,00@asagainnoculatedntoa
freskelcultureContinuedidestructiatthidiiutionlistinguisteseplicatiagent
virus! Fromtoxic substances.

Identificatioof all viral isolatesvasconfirmedby serurmeutralizatioasingviral
specificantiseruntakenfrom rabbitshyperimmunizedgainsteither IPN or IHN virus
Mulcahy, et al., 1980!.This procedurealwaysincluded known virus as controls.

Vira! Krythrocytic  Necrosis
Blood sampleswore collectedin heparin 50 units/ml! and smearswere madeon clean

349



glass microscope slides. The red cells were fixed for five minutes in absolute methanol. They
were stained with Giemsa and examined by light microscopy for inclusions within
erythrocytes Figure 3B!. The presence of inclusions was presumptive evidence of VEN in-
fection. Additional evidence for VEN infection was obtained by electron microscopical
examination of erythrocytes.

Results

Infectious Hetnatopoietic Necrosis

Infectious hematopoietic necrosis virus was the first fish virus to be isolated and identified
from fish in the State of Oregon Figure 4!. The agent was recovered from juvenile sockeye
saltnon undergoing a severe epizootic at the Oakridge Salmon Hatchery in 1958 Wingfield,
et al.,, 1969; Table 1!. It is thought that the source of the virus was unpasteurized sockeye
salmon viscera from Puget Sound in the State of Washington which had been incorporated
into the diet of the fish. The feeding of such preparations was discontinued many years ago
and only pasteurized fish products are now included in the diets of salmonids in the Pacific
Northwest.

Figure 4. Locations of hatcheries, lakes and streams where IHN nr iPN virus or both were isolated; and coastal
waters where VEN virus was found.

The second known occurrence of IHN in Oregon was at a private lake on the Willamette
River drainagein Augustof 1971 Table2!. An epizooticin juvenile rainbow trout occurred
at Nan-Scott Lake with signs of diseasecharacteristic of IHN. These fish were hatched from
eggsimported from a privatetrout farm in easternWashingtonandit is believedthat the fish
were carrying the virus at the time they were released into the lake.

During March of 1975, rainbow trout and kokanee salmon landlocked Oncor!tynchus
nerka! juveniles began dying in large numbers at Wizard Falls Hatchery on the Metolius
River in central Oregon. The trout were derived frotn Roaring River Hatchery broodstock
and the kokanee were spawned from feral fish at two central Oregon lakes.

Extensiveexaminationof moribundfish revealedthe presenceof both IHN and IPN virus,
in some cases in the same fish Mulcahy and Fryer, 1976]. Pathologically, IHN virus
appeared to be the most important cause of mortality. The source of either virus in this case
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Tablel. Oregorhatcherieghereinfectiouthiemetopoietitecrosisr infectioupancreatioecrosisiruses
have been isolated from salmonid fish.

Species and stage Date of Frsh rnortahty
Hatchery of development' t'irst isolation Virus caused by viruses
Oakridge SS Juv 9/56 IHN Yes
Bonneville Co Ad 10/71 IPN No
Co Al 2172 IPN No
Cascade C oJuv' 2/72 IPN No
Co Ad 10/72 IPN No
Round Butte ChS Ad 6/73 INH No
Chs Ad 0/73 IPN No
Sts Al 4/75 IHN Yes
Sts Ad 1/76 IHN No
Fell River BT Juv 6/73 IPN Yes
Rb Juv 6/73 IPN Yes
Roaring River Rb Ad Br 12/73 IVN No
Oregon llept. of Fish tewildlife ChS Juv 12/73 IPN No
Research Lab Corvagis
Fort Kismet h Br Juv 1/74 1PN No
Wizard Falls BT Juv 1/74 IPN Yes
K Juv 3/75 IHN Yes
Rb Juv 3/75 1PN/IHN Yes
Elk River ChF Ad 1/76 IHN No
ChF Juv 4/76 IHN Yes
Warm Sprrngs' Sts Ad 3/79 IHN No
StS Juv 0/79 IPN No

‘Thefogowingbbreviatiorsgeusedn theTable®f thisreport.
Abbreviations for fish species.

Br brown trout ChF fall chinook salmon ChuS chum salmon
BT brooktrout ChSspring chinook salmon PeH Pacific herring
Ct r;utthroat trout Co coho salmon
K kokenee salmon StS summer steelhead trout
Rb rainbow trout StW winter steelhead trout
Abbreviations for stage of development.
Al alevin
Juv juvenile
Ad adult

Ad Br adult brood trout
'Fish were from BonncviBcHatchery,Oregon.
'Virus isolations at this site were made by S. Leek, U.S. Fish and Wildlife Service.

Table2, Oregonlakesand rivers where infectious hemetopoieticnecrosisor infectious pancreaticnecrosis
viruses have been isolated from salmonid fish.

Location Species Date of first isolation Virus
Nen-Scott Lake Rb Ad 6/71 IHN
Outlot Creek for Nan-Scott Lake Ct Ad g/71 IPN
Fall River BT Ad 6/73 IPN
Fish Lake BT Ad 9/73 IPN
Big l,eve Lake BT Ad 9/73 IPN
Cache Lake BT Ad 774 IPN
Sparks Lake BT Ad 7174 IPN
Upper Metolius River K Ad' 10/75 IHN
Elk River ChF Ad 1/76 IHN
Chetco River ChF Ad "2/77 IHN
Lake Billy Chinook K Adi 5/76 IHN

rLandlocked sockeye, Oncorhynchus nerko.
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is difficult to assess.About one month after the Wizard Falls epizootic, juvenile steelhead
trout that were hatched and being reared at Round Butte Hatchery underwent an epizootic
attributed to IHN disease. The proximity of Wizard Falls and Round Butte hatcheries sug-
gests a possible etiological relationship for these two occurrences of IHN.

Because of the 1975 epizootics at Wizard Falls and Round Butte hatcheries, the possible
role of the kokanee salmon population of the Metolius River as a source of the virus was con-
sidered. Thirty adult kokanee were collected from the spawning grounds on the Upper
Metolius River and IHN virus was isolated from these specimens. However, the role of these
virus carrying fish in the 1975 epizootics is not clear.

The only other hatchery in which IHN virus was detected during the course of this work
was the Elk River Hatchery near the Pacific coast in southern Oregon. In January 1976, 50
adult fall chinook salmon were examined, using both visceral and ovarian fluid samples. In-
fectious hematopoietic necrosis virus was isolated from all of the fluid and several of the
visceral samples. Several weeks after the eggs taken from these fish hatched, the fry suffered
an epizootic caused by the virus. The adult females were free of symptoms and were harbor-
ing the virus in acarrier state. It was again isolated from adult fall chinook atthe hatchery in
each successive year from 1976through 1980,although never at the high incidence observed
in the 1976 brood.

Infectious Pancreatic Necrosis

Infectious pancreatic necrosiswas detected for the first time in Oregon salmonidsin
September of 1971, In August, the epizootic of IHN among rainbow trout in Nan-Scott Lake
was in progress. It was of interest to determine whether native stocks of fish inhabiting the
creekinto which the lake drained mightalsobe infectedwith IHN virus. A sampleof 11adult
cutthroat trout wascollectedfromthese streams and testedfor presence of the virus. No IHN
virus could be detected, but instead these fish were found to be carriers of astrain of IPN
virus Table 2!.

A second isolation of IPN virus was madein Octoberof 1971 at the Bonneville Hatchery.
Visceral samples from 60 Columbia River coho salmon were analyzed and IPN virus was
detected in two of the five fish pools. These adult coho were apparently healthy carriers of
this virus Table 1]. Adult coho and fall chinook salmon were examined at this hatchery
again in September and October of 1972 though no further virus isolations were made.
However, specific antibody against IPN virus was detected in both species, indicating that
the fish at some time hed contact with the virus.

In February 1972,two examinations were made of juveniles hatched from eggstaken at
Bonneville from infected coho. On both occasions the fish were found to be infected with
IPN virus, however, mortality attributable  to it was not observedamong the juveniles in the
hatchery. On 21 March, three weeks after the second isolation of virus, a third examination
was made. No virus was recoveredbut antibody against the coho strain of IPN was detected.
Samplestaken from adult cohospawnedat Bonnevillefrom 1972  to 1980 have not yielded
Virus.

In October 1972, IPN virus was isolated from adult coho salmon returning to Cascade,
another of the Columbia River hatcheries Table 1!. Several of these fish apparently harbored
the virus, and once againwere  serving as carriers. Although offspring from this spawning
were isolatedin the hatchery and repeatedly examined, no viral agents were recovered.

In May and June of 1973, the first hatchery epizootic of infectious pancreatic necrosis ever
reportedin Oregon took place. This occurred atthe Fall River Hatchery, OregonDepartment
of Fish end Wildlife, and the population of fish chiefly affected were juvenile eastern brook
trout Table 1!. Mortality was high and the symptoms were characteristic of IPN infection.
No bacterial or protozoal pathogenswere found and IPN virus was isolated and identified
from moribund animals. Juvenile and yearling rainbow trout being reared at the hatchery
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were without external signsbut the virus was recoveredfrom thesefish. At the time of the
epizootic, the virus was also isolated from brook trout taken from a streamat sites both
below and abovethe hatchery,thoughit was not detectedin either rainbow or brown trout
taken from these sites at that time.

As a resulof this epizootican examinatioof certaincentralOregorsalmonicpopula-
tionsfor viral agentsvasundertakenn the summerof 1973.This surveydetectedhe
presenceof IPN virus in easternbrook trout in Elk, Big Lava,and Fishlakes.

In Septemberl 973 Fall Riverand its tributaries weretreatedwith roteoneto eliminatethe
fishpopulationgnhabitinghesevatersThorougltisinfectiorofthehatcheryacilitieswas
carriedout, andoperatiorof thehatcherywasdiscontinuedor a periodf nine months.

ThreetheiisolationsfIPNvirusveremadeluringl973n Septemb&Qadulispring
chinooksalmonwvereexamine@ndtestecat RoundButteHatcheryandwerefoundobe
carrierofthevirus Tablel].In DecembeBQadultainbowtroutat the Roarindriver
Hatcherywere sampledndtheovarianfluidsdividednto 12five-fisipoolsOneof the 12
yieldeah isolatefIPNvirus Nooutbrea&fdiseass knowrohaveccurredmondry
fromtheir eggsheldat the hatcheryThevirus wasisolatedrom a samplef 60juvenile
spring chinook salmon being held at the Departmentof Fish and Wildlife Research
LaboratorgorvalliQregomheydidnotshovsignefdiseasandvereapparenthar-
riers,

In Januarpf 1974the secondPNepizootian anOregorhatcheryccurredEgggaken
fromEast.akdrookroutin thefallof 1978verdransported WizardrallsHatcheryn
Januampetrouthatchettomtheseggbegatodiein largsnumbensithsymptonsig-
gestinga virus infection, Infectious pancreatic necrosis virus was isolated from several
samplesf moribundishandits identityconfirmedtby reactiomwith specifi@antibody.
Almos¥00,0davenildrookroutweresithekilledoythediseaserhado bedestroyed.
Thepondshathadheldheinfectefishweralisinfecteahdallowetbdry,andhehatch-
ery building was partially disinfected.A group of thesefish that hadbeenremovedfrom the
hatcheryaseggsaandplacedn thelaboratofpr experiimentakeweretestedbutnovirus
was isolated.

WhileheWizard FallsIPN epizootiavasin progress;0juvenilerown troutfromFort
KlamatiHatcheryerecollecteand testedorthepossiblepresencefa virusThesdish
werenot experiencingabnormalmortality despitethe fact that theywerefoundto beharbor-
ing IPN virus. The sourceof the eggsfromwhich the browntrout hatchedwas also East
Lake ThefactthatboththesdishandthebrooktroutinthelPNepizootiaverederivedrom
East.akdishcastsloubbnthesuitabilitpfthislakeasaneggourcel hisvaglespitthe
facthatmanyadequatamplesf East. akdoroo&and browrirouthadbeeesteduring
1973 and no fish virus had ever been detected.

During the summerof 1974,a surveywas carried out for fish virusesin the lakesof the
Cascadenountainin centralOregonThe  presenceof IPN virusin thebrookiroutof — Elk
andBig LavalakeshasalreadypbeemrmentionedOnlythreeotherlakesof the considerable
numbeexamineglelde@nyirusisolate. heswvereCachkake SparkkakendrFish
Lake.In eachcasehevirusisolatedvasIPN andthe salmonidspeciesvasbrooktrout.

In March 1975anotheepizooti@ccurrecat WizardFallsHatcheryBotHPN andIHN
viruseswereisolatedrom the affectedish.Details of thisepizootiavere discussedn the
preceding section concerning isolations of IHN virus.

All infectedstockof fishat WizardFallsHatcheryn 1975veredestroyedndthehatch-
erywasdisinfectedNo viral epizootichasoccurredat this hatcherysince Furthermore,
ﬁopulationsf kokanesalmonbrookandbrowntrout,andAtlanticsalmoratthehatchery

avébeerexaminedepeatediprthepossibpresenceof fish viruseswith negative

results.
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Viral Erythrocytic  Necrosis

The presumeadvirus of viral erythrocytic necrosishas not beenisolatedin cell culture
Pilcher and Fryer, 1980b!. The virus has only been detected by the typical pathological
changesproducedin erythrocytesandthe presenceof the hexagonabr pentagonapatrticles
seen by electron microscopy in the cytoplasm of infected cells Figures 3A and 3B!.

The virus was first identified in Oregon by Marie Philippon-Fried in diseased adult chum
salmon returning to the OSU Experimental Hatchery at Netarts Bayin 1976[Table 3!, It was
also observed in this speciesin 1978and 1979.These observations were confirmed by Olson
977!. Philippon-Friedalso found VEN in 1976in chum salmonfrom the Kilchis River,
which flows into Tillamook Bay, Oregon and in Pacific herring, Clupeaharengus pa!lasi from
Yaquina Bay. Recently, scientists A. Amandi and J, S. Rohovec!from the fish disease
laboratory Department of Microbiology! at Oregon State University have observed heavily
infected Pacific herring from Winchester Bay, Oregon Figure 4!.

The virus has also been recently 979! detected in adult coho salmon returning to
Nehalern Hatchery. In addition, chum salmon alevins obtained at the Hoodsport Hatchery,
Washington,andrearedat BonnevilleHatchery,Oregonwerefound to beinfected Table3!.

Table3. Locationswhere viral erythrocytic necrosisIVEN! was detectedhy light and electron microscopy
within erythrocytes of fish.

Location Species Date of first detection
OSU Experimental Hatchery at Netarts Bay Chug Ad 1t/70
Kilchis River ChnS Ad 12/76
Yagnina Bay PaH Ad 3/77
Nehalem Hatchery Co Ad 10/79
Bonneville Hatchery' ChoS Al 2/80
Winchester Bay PaH Ad 8/80

'‘Diagnosisbasedon light microscopyonly,
Discussion

Theimportanceof determiningvirus infectedfish populationswasto 1!identify virus-free
eggsourcesand 2! preventthe spreadof virusesfrom infected stocksto uninfected fish in
other geographical areas.

Infectious hematopoietic necrosis virus has been repeatedly isolated from salrnonid
populationgn onlytwo locationsn the Stateof OregonKokanesalmorthatspawrnin the
Upper Metolius River and the steelheadtrout that return to Round Butte Hatchery are
chronically infected with IHN virus. Becausethesetwo groups share the same upper
DeschutesRiverwatershedthereis a possibilitythat IHN virus releasedyy themcontributes
not only to the transmissionof infection within a singlepopulation but alsobetweenthe two
species.

IDIn addition, IHN virus is enzootic among fall chinook in the Elk and Chetco rivers. Infec-
tion amongChetcoRiverchinook haslikely resultedfrom stockingvirus-infectedfish raised
at Elk RiverHatchery.Thepresenceof IHN virus in thesestockshasresultedin their quaran-
tine to the Elk and Chetcoriver systemsand haspreventedthe utilization of thesesalmonto
further enhance the fisheries of the southern Oregon coast.

Infectious pancreaticnecrosisvirus hasbeenisolatedfrom salmonidsat only onehatchery
site sincethe epizooticsat Fall Riverand Wizard Falls hatcheriesduring 1973and 1975.In
1979, IPN virus was recovered from juvenile steelheadat Warm Springs Hatchery. Presently
this is the only known fish rearingfacility in the statethat hasIPN virus infected salmonids.

The destruction of infected stocks followed by strict sanitation procedures was im-
plementedfollowing the epizooticsat Fall Riverand Wizard Fallshatcheries. The succesof
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such management procedures is demonstrated by the absence of IPN virus in subsequent
years among fish reared at these facilities.

The presence of IPN virus among brook trout in the Cascade lakes has not been
reevaluated since 1974. These lakes were stocked with trout from Fall River Hatchery prior
to 1973and these fish may have been carriers of IPN virus. Several years of restocking with
virus-free brook trout has probably lessenedthe incidence of IPN virus among trout popula-
tions in these lakes Yarnamoto and Kilistoff, 1979!,

No further isolations of IPN virus from Columbia River coho salmon have occurred since
the original observations during 1971 and 1972. Failure of the virus to cause mortality and
become established in these stocks demonstrates that coho salmon are resistant to lethal in-
fection by IPN virus eventhoughtheycanapparentlyactasreservoirs|carriers!.Thereplica-
tion of IPN virus in coho salmon in the absence of disease has also been reported by Wolf
and Pettitohn '1970!. The interactions between the virus and host observed in coho salmon
infected with IPN virus warrant further investigation.

The elimination of IHN and IPN viruses from fish in certain watersheds is a difficult task.
Thefollowingcontrolmeasurebavebeerthe mosteffectivemeansavailabldor this pur-
pose: 1! the use of iodophors for the disinfection of fish eggsand hatchery equipment
Amend and Pietsch, 1972!, 2! destructionof infected fish and sanitationof the entire  hatch-
ery facility, and 3!theremovalof all carrier fish in the vicinity of the hatchery.Whenoneor
more of the above procedures are not practical, a quarantine on the movement of fish stocks
from hatcherieswhere virusesare known to occur has proven effectivein preventingthe
spread of both IPN and IHN viruses. Continuous surveillance of salmonid fish stocks and the
implementationof aggressivenanagerialproceduresare necessaryto restrict the spreadof
these viruses.

Theoccurrenceof VEN virus amongOregonsalmonidshasonly recentlybeenrecognized.
Fishfrom 28lacationshavebeenexaminedfor VEN virus. Thusfar the virus hasonly been
observedsix times and in three of thesecaseshum salmonwere the host Table3!. Coho
salmon returning ta Nehalem Hatchery were also infected with VEN,

PacificherringiromYaquinaandWinchestebayswere alsofound to be heavily infected
with VEN virus. Thevirus obtainedfrom herring is knowntoinfect chum salmonby inocula-
tionandexposur@ water McMillanandMulcahy1979!  and mustbeconsidered possible
source of virus infection among these and other species of Pacific salmon. The mode of
transmission of VEN between marine fish speciesand salmonids under natural conditions is
not clear. This virus is similarto thoseof the iridovirus  group butthe discrepancy in
diametersof the virus particles observedin erythracytesof severalspeciesof fish makeit
uncertain whether these represent a single viral entity.

The currentinterest in the culture of salmonhas increasedthe needfor eggsfree of
viruses. To prevent the introduction or spread of these agents, their occurrence and distribu-
tion shouldbeknown. This information is requiredor makingappropriateecisionsegard-
ing the export or impot'tof fish or fish eggs.
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Abstract

This report describes the isolation of s new virus from adult chum salmon Oncorhynchus keta!, The agent was
isolated in the CHSE-214 cell line derived from chinook salmon [Oncorhynchus tschawytschaf during a required in-
spection prior to the importation of chum salmon eggsfrom Japaninto the United States. This virus replicates in
selectedfish cell lines between 10and 2'  causing a unique cytopaihic effect. Physical and chemical studies have
shown the virus to be a member of the family Reoviridae and distinct from any known virus of fish. Electron
microscopy of negattvely stained particles reveals an icosahedral virion approximately 75 nm in diameter com-
posed of a double capsid. Treatment with a-chymotrypsin removed the outer capsid yielding a subvirai particle with
enhanced infectivity. The virus is chloroform stable indicating the absenceof essential lipids, rt is resistant to pH 3,
and is inactivated at 56'C. Viral replication is not inhibited by 5-fluro-2'-deoxyuridine suggesting an RNA genome
and acridine orange stein reveals typical reovirus-like cytoplasmic inclusions. The virus repficates in chum,
chinook and kokanee salmon Oncorhynchus nerka! fry and causes focal necrosis in the liver of chum and chinook.
No mortality was observed in these three species tested,

Introduction

In October 1978a viral examination was conducted an a stock of adult chum salmon On-
corhynchus keta! returning to the Tokushibetsu Hatchery, Hokkaido, Japan. This examina-
tion was required by Oregon Department of Fish and Wildlife regulations and United States
federal law before eggsfrom these fish could be imported for use by private aquaculture in
Oregon.

Samples of ovarian fluid, semen, kidney, and spleen from sexually mature fish were col-
lected and initially prepared in Japan. These samples were sent by air to the Fish Disease
Laboratory, Oregon State University Marine Science Center in Newport, Oregon where a
diagnostic and certification facility for aquaculture has been in operation since 1977,

During virological examination, an unusual type of cytopathic effect CPE! was observed
in some of the cell cultures. Electron microscopy revealed numerous virus particles in the
supernate of infected cultures. This agent appearsto be a previously undescribed reovirus of
fish and has been tentatively designated chum salmon virus CSVL.

Materials and Methods
Cells and Medium
Monolayer cultures uf chinook salmon embryo cells CHSE-214; Nims, et al., 1970! and
rainbow trout gonad RTG-2; Wolf and Quirnby, 1962! were used for the certification
examination. The virus was isolated and routinely propagated in the CHSE-214cell line, The
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hostrangestudieswere conductedusing: CHSE-214RTG-2 steelheadrout STE-137Fryer,

etal 1965!, churn salmonheart CHH-1;Winton and Lannan,unpublisheddate!,kokanee
salmonovary KO-6;Winton and Lannan,unpublisheddata!, bluegill fry BF-2;Wolf and

Quimby, 1966!,brown bullhead BB; Wolf and Quimby, 1969!,fathead minnow FHM;

Gravelland Malsburger,1965!walleyesarcoma WC-1;Kelly and Miller, 1978]gepithelioma
papillosurncyprini EPC;Tomasecand Filan, 1971]and largemouthbass LBF-2;Wolf and

Quirnby, 1966!.All cells were grown in Eagle's minimal essentialmedium MEM! sup-
plementedwith 10percentfetal bovineserum MEM-10!for cellgrowth and5 percentserum
MEM-5!for viral replication, Exceptwhere noted, cells and virus were grown at 18'C, The
methodsfor the propagationof fish cell lines are describedby Wolf and Quimby 976!.

Certification

The examination of adult chum salmon at the Tokushibetsu Hatchery in northern
Hokkaidooccurredin Octoberof 1978.0Onehundred fifty semensamples,150ovarian fluid
samplesand 60 kidney and spleensampleswere collectedfrom sexuallymature animalsat
the hatchery. Sampleswere preparedin five-fish pools according to the methodsof the
American FisheriesSociety: Fish Health Section 975!. Briefly, semenand ovarian fluid
sampleswere diluted 1:5in MEM containing standardtissueculture antibiotics penicillin,
streptomycin,gentamicinand rnycostatin! Kidneyand spleenpoolswere homogenizedvith
a mortar and pestlein 20 volumesof Hank's balancedsalt solution BSS!.The homogenate
wasdiluted 1:5in the antibiotic mixture. All tissuesand fluids were maintainedat refrigera-
tion temperatures approximately 4 C! during their preparation and transportation. The
sampleswere sentby air to the United Stateswhere they were placed on CHSE-214and
RTG-2 cells and incubated at 10 and 18'C.

Electron Microscopy

Supernatéom infectedCHSE-21dell culturesvasharvesteafterCPEwascomplete,
centrifuged at 2000G for 20 minutesto removecell debrisand the virions pelletedby cen-
trifugation at 115,000G for 1 hour, Virus pelletswere resuspendedn distilled water and
stainedor 1 minutewith 2 percenphosphotungstacid PTA!on Formvarcoatedyrids.
Measuremenbf virus particles usedan internal standardof bovine catalasecrystalsaccord-
ing to the method of Wrigley 968!. All grids were examinedin a Phillips 300 electron
microscope.

Acridine Orange Stain

Monolayer cultures of CHSE-214ells were grown on 1.5cm coverslipsand inoculated
with 10 TCIDro of virus in MEM-5. Controls and infected cells were incubated for 72 hours at
18'C,fixed and stainedwith acridine orangeby the methodof Rovozzo973!, andexamined
with a fluorescent microscope.

Physical and Chemical Characterization

Heat lability of the virus was measuredby incubating a virus suspensionat 18, 37, and
56'C. Samples were removed at selected intervals and the titer determined.

Chloroform sensitivity of the virus was determinedby the methodof Feldmanand Wang
961!. Oneml of chloroform was addedto 2 rnlof clarified supernatefrom an infectedcell
culture.A controltubeof supernatereceivedl mlof 0.85percentNaCl.Thesemixtureswere
shakenfor 10minutes.The chloroform treatedand control cultureswere centrifugedat 600
G for5 minutesto separatehe chloroform in thetreatedsampleandthe virus in the aqueous
phase and the saline control was titrated.

Resistanceto 5-fluoro-2'-deoxyuridirre FUDR] was determined by the method of Rovozzo
973!. Briefly, monolayer cultures of CHSE-214 cells were treated with 10 M FUDR in BSS.
Untreated controls received BSS alone. Treated and untreated cultures were infected with
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virus and incubated for 6 hours at 18'C, All cultures were washed with BSS, incubated for
sevendaysin MEM-5 at 18'C and the virus titrated,

The abilityof owhymotrypsito removehe outercapsidayerofthevirionwastestedy
the methodof joklik 972!. Purified virions in sodium chloride, sodiumcitrate buffer SSC,
sodiunchlorided.15M, sodiuntitrated.015M, pH 7.4lweredigestewvitha-chymotrypsin
00 pg/ml!.Treatedvirionsand untreateccontrols SSCwithoutchymotrypsintere in-
cubatedfor 60 minutesat 37'C and an aliquotremovedfor titration. The remainderof the in-
cubationmix was pelletedby centrifugatiomt 115,000G for 60 minutes.The pelletwas
resuspendedn doubledistilled water, negativelystainedwith 3 percentPTA and examined
in an electron microscope.

StabilityopH 3 wadestedyincubating suspensiafivirusat 18'Cin MEM adjustetb
pH 3. Controlswere suspendedn MEM at pH 7, After 30 minutesincubation, the viruswas
titrated.

Virus Replication

The following cell lines were usedto testthe hostrange of the virus: CHH-1, CHSE-214,
STE-137,KO-6, LBF-2, BF-2, WC-1, EPC, FHM, RTG-2, and BB. Cellswere grownin 25 cm'
flasksin MEM-10 at 18'C until confluent. The growth medium was decantedand 5 ml of
MEM-5 containing200 PFU of virus addedto culturesof eachcell line. After 14daysincuba-
tion at 18%, 0.1 ml of the supernate from each flask was added to a second set of cultures,
After an additional 14 day incubation, the virus producedby each cell line was titered in
CHSE-214 cells.

The optimaltemperaturdor virusreplicatiorwas determinedn EPC cells.Monolayer
cultures in 75 cm' flasks were infected with 500 PFU of virus and 20 ml of MEM-5 added to
each flask. The cells were incubated at 5, 10, 15, 20, 25, and 30'C. At 48 hour intervals for 14
days, 1.0 ml of supernatewas removedfrom each flask and the virus titer determined.

In Vivo Studies

The pathogenicityof the virus was testedfor chum salmon Oncorhynchusketa!, chinook
salmon Oncorhynchustschnwytscholand kokaneesalmon Oncorhynchurerkalfry. Fish
weighing 1 to 2 g were injected interperitoneally i.p.! with 10~TCID60oof virus in 0.02 ml
MEM. Twogroup®f20fisheachwereinjectedvithvirusandtwocontrobroupseceiving
onlyMEM wereheldin 10-literstaticwateraquariaat 120G@or42 daysandobservedaily
for mortality.

The amountof virusproducedy infectedchum,chinookand kokaneesalmorfry was
testedby injecting 1 to2 gfishi.p. with 10' TCIDaoof virusin 0,02ml of MEM. At 48 hourin-
tervals for 14 days then at day 21, 28, and 42, three fish were removed, pooled and
homogenizerh BSS .10 w/v!usinga Virtistissuehomogenizefl.hehornogenatgascen-
trifuged at 2000 G for 20 minutes,the supernatefiltered througha 0.45pm filter and the virus
titered.

Histologicalchangesin infected chum, chinookand kokaneesalmonfry were determined
byinjectingl to2 gfry with 10' TCIDs®f virusasbefore At day8, 14,21,28,42,twofish
were removedand placedin Bouin'sfixative.Thesefishwere embeddedn parafinand
serial 7 pm sectionswere cut. The mounted sectionswere stained with hematoxylin and
eosinand the internal organsexamined by microscope.

Results
Isolation of the Virus
After six daysof incubationat 18'C, one of the kidney and spleenpoolson CHSE-214 cells

began to show several focal areas of GPE. No changes were noted in ovarian fluid or semen
samplesor in the control cultures. No CPE was observedin any sample placedon RTG-2
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cells. These plaque-like areas continued to expand, eventually involving the entire
monolayer. When material from the infected cultures was diluted 1:100in MEM-5 and in-
oculated onto fresh CHSE-214 cells at 18sC, an identical CPE was observed. A second 1:100
dilution and subculture gave the sameresults. A third subculture was passedthrough a 0.22
pm filter and the characteristic plaques were again observed. When infected CHSE-214
cultures were incubated for 72 hours and stained with May-Grunwald-Giemsa stain, the
plaque morphology could be seento involve the destruction of the cell membranes with
cytoplasmic fusion leaving intact nuclei at the periphery of the plaque Figure 1!.

Figure 1. Cytopathic effect produced by chum salmon virus in CHSE-214 cells incubated at 18'C for 72 hours.
May-Griinwald-Giemsa stain.

Figure 2. Electron micrograph of churn salmon virus.

Electron Microscopy

Negatively stained virions revealed particles with icosahedral symmetry and a double cap-
sid structure Figure 2!. The particles are 75 nm in diameter and both complete and coreless
virions can be seen. Twenty peripheral capsomeres are present and no envelope was
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detected, These morphological features are characteristic of viruses of the Reoviridae Joklik,
19741.

Acridine Orange Stains

Control cultures were normal with yellow-green nuclei artd red staining cytoplasm. In-
fected cultures demonstratedplaqueswith fused cytoplasm containing green inclusion
bodies. The nuclei appeared normal. These green cytoplasmic inclusions are presumptive
evidence of double stranded nucleic acid and are usually observed in cells infected with
reo viruses.

Physical Characterization

The virus was stable for 24 hours at 18 and 37eC,but rapidly inactivated at 56eC.The
original suspension containing 2.7 x 10" PFU/mI declined in titer to 6.8 x 10' PFU/ml in one
hour and no infectious virus remained after six hours incubation at 56'C. Loss of 1 log or
greater in one hour is indicative of heat labihty Rovozzo, 1973!,

Chloroformtreatmentdid not reduceinfectivity of the virus. The NaCZlreatedcontrol had
atiter of 5.9x 10' PFU/ml while the chloroform treated suspension gave a titer of 1.6 x 10'
PFU/rnl.This resistanceo chloroformis evidencethat the virus lacksan essentialipid con-
taining envelope.

The deoxyuridine analog FUDR was not effective in blocking viral replication. Control
cultures incubated without FUDR reached atiter of 2.8 x 10' PFU/ml while FUDR treated
cultures had a titer of 1.2x 10' PFU/ml. The lack of inhibition by halogenated pyrimidines is
evidence that the virus possessesan RNA genome.

Electron micrographs of virions treated with 0-chymotrypsin demonstrated the outer cap-
sid layer of the virion had been removed leaving a subviral particle of 50 to 55 nm in
diameter. The titer of the untreated control was 5.0x 10" TCIDso/mWwhile chyrnotrypsin
treated virus had a titer of 6.3 x 20aTCIDM/mI. This increase in viral titer is probably due to
the enhanced infectivity associatedwith the removal of the outer capsid layer asobserved in
certain types of reoviruses Spendlove, et al., 1970!.

This virus was not inactivated by exposure to pH 3. The control titer at pH 7 was 3.2x 10'
TCIDM/mI and the pH 3 titer was 5.0 x 20" TCIDss/ml, The increase in virus titer seen after
pH 3 treatment is also likely due to the removal of the outer capsid layer.

Virus Replication

With the exception of the RTG-2 cell line, the best virus replication occurred in cells
derived from salnronid fish Table 1!. The RTG-2, FHM and BB cell lines showed no
cytopathic effect and produced low levels of virus. Other non-salmonid lines exhibited
various degrees of CPE and produced moderate virus titers.

Table 1. Replication of chum salmon virus in selected fish cell lines.

Cell line Abbreviation Titer TCIDss/ml
Chum salmon CHH-1 25x10s
Chinook salmon CHSE-214 16x los
Steelbead trout STE-137 6.3 x 10
Kokanee salmon K~ 40 x 10
Largemouth bass LBF-2 1.6x 10s
Bluegill BF-2 6.3 x 10'
Walleye WC-1 6.3 x 10
Carp EPC 3.9x 10
Fathead minnow FHM 5.0x 10r
Rainbow trout RTG-2 5 0x10'
Brown bullhead BB 40 x'10
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The optimal temperaturefor viral replication was determinedto be 15to 20eCFigure 3!.
The EPCcell line was usedfor theseexperimentsasit toleratesa highertemperaturethan
the salrnonidlines. The extent of CPE correlated with the virus titer produced at each
temperature. At 10'C, viral replication was slower and CPE less extensive than at 15 or 20'C.

~V§s

Figure 3. Replication of chum salmon virus in EpC cells at selected temperatures. Symbols: 05'C; ~'lOsC; 0
15K:; ~ 20sC;6 25'C; 4 30'C.

In Vivo Studies

No significant mortality occurred in the churn, chinook, or kokaneesalmonfry injected
with thevirus and no grossexternalsignswere seenin fry held for 42days.For chinook,two
of 40 control fish and noneof 40 virus injectedfish died during the experiment.Amongthe
kokanee no control andthree of 40 experimentalfish died. In the chum salmonfry, no con-
trol and two of 40 virus injected fish died in the 42 day period.

Thevirus replicatesin all three speciegested Figure4]. Virus titers increasedslowly in
chinook and actively in churn and kokaneesalmon fry. Maximum titers in chum salmon
occurred at 21 days after injection and were significantly above the titers of the other
species. At the end of the 42 day period, all three species had similar titers.

Histological examination provided evidence of pathology in churn and chinook fry.
Numerous areas of focal necrosis were observed in the liver of infected fish. These lesions
beganas small areasof necrosisat day 8. By day 14,the lesionswere maximal in sizeand
numberin the chumsalmonfry Figure5!. At day 21 andafter, thelesionsbeganto healand
normal liver cellular architecture beganto return. A similar histological picture was seenin
chinook fry exceptthat the extent and severity of the lesionswas less.No pathologywas
observedin the liver of infected kokaneesalmon. Other organsof all three specieswere
unremarkable.

Discussion

The agentreportedhereandtermed"churn salmonvirus" or CSVappeargo bea previous-
ly undescribedvirus of fish, The virus sharesmorphologicaland chemicalfeatureswith the
Reoviridae, Like all members of the family, it has icosahedral symmetry and a double
stranded RNA genome. The lack of an envelope, stability to pH 3, 75 nm size, and creation of
subviral particles after treatment with chymotrypsin, suggestthis virus is closely related to
the genus Orthoreovirus. This genus is composed primarily of viruses isolated from
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Figure4. Replicationof chum salmonvirus in chum, chinookand kokaneesalmonfry held for 42 daysin 125t:
aquaria, Symbols;~ chum; 0 kokanee; k chinook,

Figure 5, Focal necroticlesion in the kidney of chum salmon injected with chum salmon virus and held for 14
days in 12'C aquaria.

homeothermiertebrate§,hevirusdescribetherdackghetypicalOrthoreovirustability
to 56'C. The temperatureoptimum of 15to 2 PCindicatesthis is a virus of poikilotherms.

The origin of this virus is unclear. While viral replication hasbeendemonstratedin the
threespecie®f salmonidfish testedthe agentmayhaveits normalhostamongother
poikilothertnic vertebratesor invertebrategproducing diseasdn thoseanimals.No report of
theisolationofa similawvirusis mentionedh a reviewofthevirusdiseasesffishin japan
Sano, 1976!.A recent listing by Wolf and Mann 980! also contains no reference to the isola-
tion of atrue reovirus from fish. Meyers 979! describes a virus isolated from Ainerican
oysters Crttssostrec virginicc! in Long Island Sound, New York, with properties similar to
theagentdescribedhere.The hostrangestudiesand certain chemicalfeaturesof the Meyers
isolatesuggesitt isa closelyrelated,but notidentical, virus. Furthertestingwill be necessary
to establish the taxonomic relationship of these two agents.

The discoveryof a previouslyunknown viral agentin a populationof fish selectedfor im-
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portation to a new geographic area demonstrates the need for continued surveillance of
salmonidstocksand the necessityfor controlling the spreadof untreatablediseaseshrough
certification programs.While the pathogenicityof this virus seemdow for the speciedested,
any viral diseasecausingfocal necrosisof the liver may weakenthe resistanceof infected
fish to other biological or environmental insult. The movement of virus infected stocks of
fish into locationswherethe virus is not endemicmayexposenative stocksof fish to a virus
for which they havelittle natural resistanceacquiredthrough long exposureand genetic
selection. Virus infected stocks of fish are undesirable for use in aquaculture as the stress
associatedvith normalculture practiceswill oftenresultin largemortality amongthesefish.
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