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Raising fish for market has been going on for some time throughou t
the world . The Chinese began developing the art of fish "farming" into a
science more than 2000 years ago . However, it is only within the past tw o
decades that intensive fish culture has come into focus in the United States .
It has been said that today's fish farmer is in the same position as th e
poultry raiser of 20 years ago who was switching from the flock in the bac k
yard to commercial poultry production .
One estimate indicates that a ton of fish may be produced in a n
area capable of yielding only 800 pounds of corn or 80 pounds of beef . More over, there is the alternative of ocean ranching, or marine aquaculture, as a
source of high animal protein . In the feed-lot concept, fish are propagate d
in hatcheries and reared at high densities, in impoundments or floating pens ,
to marketable size . Ocean ranching calls for propagation in hatcheries ,
release to graze at sea, and harvesting either in an ocean fishery or upo n
return of the fish to the natal waters . Further development of aquacultur e
techniques and facilities depends upon a number of considerations . Constraint s
tend to be political and administrative, rather than scientific and technological, according to a report published by the National Research Council .
To examine some of the factors involved, a seminar series was hel d
during Spring Quarter at Oregon State University . The weekly presentation s
were open to faculty, students of all ages, and the general public .
Peter C . Klingema n
Directo r

Corvallis, Orego n
July, 1979

Funds for this publication were provided by the Office of Wate r
Research and Technology, U . S . Department of the Interior, under the provision s
of the Water Research and Development Act of 1978 .
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The Water Resources Research Institute, located o n
the Oregon State University Campus, serves the State of Oregon .
The Institute fosters, encourages and facilitates water resource s
research and education involving all aspects of the quality an d
quantity of water available for beneficial use . The Institut e
administers and coordinates statewide and regional programs o f
multidisciplinary research in water and related land resources .
The Institute provides a necessary communications and coordination link between the agencies of local, state and federa l
government, as well as the private sector, and the broad researc h
community at universities in the state on matters of water related research . The Institute also administers and coordinate s
the interdisciplinary graduate education in water resources o f
Oregon State University .
This seminar series is one of the activities regularl y
undertaken by the Institute to bring together the research community, the practicing water resource specialists, students of al l
ages and interests, and the general public, in order to focu s
attention upon current issues facing our state .
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he surface of the earth is mostly an aquatic environment . Yet ma n
obtains almost all of his resources, including food, from the terrestrial environment . Because of severe competition for terrestrial resources ,
it is not surprising that man is turning increasingly to the 70% of the eart h
which is covered by water .
I will discuss aquatic food production, with special emphasis o n
prospects for farming aquatic environments . I will do this by addressing th e
following questions :
1.

How much food can we expect from aquatic sources ?

2.

What are the practical limits to cropping aquatic pastures b y
hunting ?

3.

Will reallocation of hunting rights help ?

4.

Are we making a transition from hunting to farming ?

5.

Does aquaculture offer significant economic potential ?

6.

What types of aquaculture offer the most promise ?

7.

What are the barriers to aquaculture ?

8.

Will aquaculture become important in the United States ?

How Much Food From Aquatic Sources ?
While some analysts have expressed optimism about the capacity o f
- aquatic environments to produce food, others have expressed pessimism . Regard less of the level of optimism or pessimism, perceptions that the "oceans" wil l
solve world food shortages are no longer in vogue .

Plant life is the foundation of food production in terrestrial an d
aquatic environments . However, the dynamics of food production on land and i n
water differ considerably .
Annual production is much more concentrated in space and time on lan d
than in water . Plant crops grown on land usually have an annual cycle and ca n
conveniently be harvested directly by man or converted into animal tissue b y
feeding them to herbivores _
In aquatic environments, on the other hand, plant production i s
scattered throughout the photic zone which typically extends to depths of 20 0
meters in marine waters . Furthermore, the production cycle of aquatic plan t
life can frequently be measured in days or weeks rather than months or years .
Thus, several crops can grow to maturity and be recycled through an aquati c
ecosystem in one year, which greatly reduces the concentration of plant biomas s
at any given time . Minor exceptions are plant forms which attach to substrate s
in shallow waters . These attached forms represent a small fraction of the tota l
biomass of aquatic plants which consist largely of phytoplankton, much of whic h
is microscopic .
The amount of energy required for man to harvest phytoplankto n
directly would be prohibitive . The only practical option is to have highe r
trophic level animals graze on plankton for conversion to a form which can b e
harvested more conveniently . Unfortunately, the conversion process is highl y
inefficient, and nearly 90% of the food value of plant life is lost throug h
catabolic processes by converting it to herbivorous animals . Low efficiency
is further compounded in aquatic food chains by the fact that most herbivorou s
animals . Low efficiency is further compounded in aquatic food chains by th e
fact that most herbivores are also very small and not useful for human food .
There are a few exceptions, such as oysters and clams, but most large food fis h
and shellfish are carnivores . This means that the food value of plant lif e
must be cycled at least twice within the food chain . The resultant conversio n
to a harvestable form is in most cases less than 1% of the original food valu e
of aquatic plant life .
A simple mode will help illustrate why aquatic environments provid e
a relatively small reservoir from which man can extract food, even though 70 %
of the earth is covered by water . We will make two assumptions to construc t
our model :
1.

Average primary productivity (i .e . plant production) per uni t
surface area is the same for land and water . This implies tha t
70% of annual biomass of plant production occurs in aquati c
environments and 30% on terrestrial environments .

2.

Average efficiency of food conversion between each of the thre e
principal trophic levels (plant, herbivore, and carnivore) i s
10% . This implies that efficiency of conversion from plant t o
carnivore averages only 1% .

Based on these two assumptions, the resultant relative biomass o f
plants, herbivores, and carnivores in aquatic and terrestrial food chains i s
illustrated in Figure 1 . Because most food organisms harvested from aquati c
food chains are carnivores, aquatic environments provide a relatively smal l
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reservoir from which food may be extracted by man . The opposite is true fo r
terrestrial food chains, which provide a large reservoir of plants and herbivores for harvest . One conclusion to be derived from the simple model illustrated in Figure 1 is that less than 1% of the total reservoir of biomass o f
organisms from which food can effectively be harvested by man is to be foun d
in aquatic environments . This estimate of the relative potential contributio n
of aquatic food organisms may be somewhat conservative, but the contributio n
of food from aquatic environments is destined to remain quite small in relatio n
to terrestrial environments .

What are the Limits to Aquatic Hunting?
Excluding aquaculture, the world commercial harvest of fishery pro ducts grew from 20 million tons in 1950 to 68 million tons in 19-70 . The catc h
has remained at or below 68 million tons since 1970 (Figure 2) . Does thi s
leveling off of catch mean that man has reached a limit to the harvest of foo d
from aquatic environments by hunting ?
The model of relative biomass of plants and animals in aquatic an d
terrestrial environments (Figure 1) shows very limited production of foo d
organisms from aquatic environments . It is interesting to compare world aquati c
food production, which is near 70 million tons, with world grain production ,
which is near 1,200 million tons . A portion of world grain production is fe d
to cattle and other herbivores before being used as human food, but there is a
compensating large contribution of non-grain crops to the terrestrial food producing system . Much of the non-grain contribution to human food, e .g . grasse s
and legumes, are also converted into animal tissue by herbivores . Although I
do not possess estimates of the total contribution of terrestrial food sources ,
it appears that the general relationships shown in Figure 1 are substantiate d
by experience .
Statistical evidence on the capacity of aquatic environments t o
produce food is still incomplete, even though there is a suggestion fro m
Figure 2 that the practical limit may be somewhat less than 70 million ton s
by traditional hunting techniques . Analysts who have made predictions abou t
the potential of aquatic environments to produce food have usually give n
estimates above 70 million tons . Rytherl), for example, based his estimate o f
total annual production of 240 million tons of aquatic foods on measurements o f
primary productivity and ecological efficiency . Of course, not all of thi s
estimated production is available for harvest by man due to competition wit h
other predators (marine birds and mammals, for example) and lack of effectiv e
harvesting techniques . Ryther believed, nevertheless, that man should be abl e
to obtain somewhat more than 100 million tons of food from aquatic environment s
by hunting wild stocks . He did not address possibilities to increase productio n
through aquaculture .
Will Reallocation of Hunting Rights Help ?
Catch statistics suggest a strong possibility that the harvest o f
aquatic food organisms has approached a limit of near 70 million tons wit h
traditional hunting . Because evidence is mounting that the resource base i s
1) Ryther, J .H . 1969 . Photosynthesis and fish production in the sea . Science .
166 (3901) : 72-76 .
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very limited, major reallocation of hunting rights on world oceans is no w
occuring . In the 1950's, coastal states typically claimed jurisdiction ove r
fishery resources only in the territorial sea, which extends seaward abou t
5 Km from headlands . A trend emerged in the 1960's to establish exclusiv e
fishery conservation zones extending an additional 300 Km beyond the exclusiv e
fishery zone . The United States has even declared jurisdiction over anadromou s
fishes (e .g . salmon) on the high seas .
Extension of jurisdiction by coastal states is causing major shift s
in allocation of harvest rights among nations . Distant-water fishing fleets o f
countries, such as Japan, Republic of Korea, and the U .S .S .R . are being place d
on many fishing grounds by domestic fleets . Conservation is usually given as th e
reason for coastal states adopting extended jurisdiction laws, but it remains t o
be determined if productivity of wild stocks will increase significantly .
Is There Evidence of Transition from Hunting to Farming ?
The supply of aquatic foods is limited, but demand continues to gro w
in response to increased population and living standards . Economic incentive s
exist, therefore, for expansion of aquaculture .
Over the period 1962-77, the contribution of aquaculture has grow n
from about 2 to 10% of the total world supply of aquatic foods . Productio n
through aquaculture has recently been doubling in about five years, but thi s
rapid rate of growth is likely to moderate as production increases .

Does Aquaculture Offer Significant Potential ?
Aquatic foods consist primarily of high quality animal protein .
Malnutrition is a serious problem in the world today, caused primarily by a
chronic shortage of animal protein . Thus, the nutritional importance of aquati c
foods is more important that statistics on relatively small volumes produce d
might indicate . There are compelling reasons to increase the supply of aquati c
foods through aquaculture .
Catch statistics suggest that harvest of aquatic foods by huntin g
techniques is likely to increase modestly at best . Aquaculture shows promis e
of adding to the supply of animal protein, but the liklihood of doubling production of aquatic foods through aquaculture seems doubtful to me . I woul d
agree with Ryther l ) that a reasonable expectation for the harvest of aquati c
foods would be somewhat above 100 million tons . I would expect aquacultur e
to contribute somewhat less than half of the as yet undetermined practica l
limit to aquatic food production .
What Types of Aquaculture Offer Promise ?
There is a wide variety of application of technology in aquaculture .
Some applications involve feeding artificial foods in totally artificia l
environments . Others involve stocking natural environments where natural food s
are used . Frequently both strategies are utilized in combination for differen t
life stages . It is my belief that applications which make use of natural food s
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offer the best potential for production of animal protein through aquacultur e
because of their reduced requirements for energy .
There are three applications of aquaculture which I believe show th e
greatest promise for expanding production of aquatic foods :
1.

Crustacean and fish culture in ponds and lagoons ,

2.

Molluscan culture in coastal waters, an d

3.

Ocean ranching, particularly with anadromous fishes .

Crustacean and fish culture in ponds and lagoons is expanding rapidl y
in tropical and subtropical waters with a variety of fresh and saltwater species ,
including shrimp, crawfish, prawns, milkfish, tilapia, carp, and catfish . A
typical operation involves diking of lowlands, flooding, and stocking the shallow
water with naturally or artificially produced larval or juvenile forms . Natura l
foods, usually aquatic vegetation and zooplankton, can be supplemented wit h
various artificial foods .
Molluscan culture in coastal waters is perhaps the most efficien t
method of producing animal protein from aquatic environments because mollusc s
are herbivores . They are also sessile organisms which filter phytoplankto n
carried to them by natural currents . Because the food is carried by current s
to the feeding animals, oysters, clams, mussels, and scallops can be stocked a t
very high densities in coastal waters .
Anadromous fishes are the best candidates for ocean ranching becaus e
they exhibit a self-herding behavior during migrations to freshwater spawnin g
areas . Some anadromous forms, such as salmon, feed predominently in pelagi c
waters where they accumulate sources of protein which would otherwise be unavailable to man due to high energy costs for harvest .
By combining the three applications of aquaculture described above ,
a relatively efficient system for extracting food from aquatic environment s
should be possible (Figure 3) . Hatcheries for the production of larval o r
juvenile forms to stock ponds and coastal waters, and for ocean ranching ca n
sometimes take advantage of wasted heat and nutrients from industry .
What are the Barriers to Aquaculture ?
Scientific and technical issues faced by aquaculture have man y
similarities to those faced by agriculture and forestry . Because aquatic foo d
production is of relatively low priority in comparison to terrestrial food an d
fiber production, the scientific/technical community has paid relatively littl e
attention to aquaculture . Furthermore, management of natural stocks ha s
received priority over aquaculture for the relatively limited resources allocate d
to research and development on living aquatic resources .
Aquaculture also faces a complex of institutional barriers whic h
vary among political jurisdictions . In a few coutries, such as Japan, aquaculture has become an important economic activity supported by public policy an d
institutions created to support aquaculture . In other countries, such as th e
United States, development of aquaculture has been impeded by lack of supportin g
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public policy and institutions . Special interests are frequently opposed t o
aquaculture because they fear economic competition from aquaculture and th e
allocation of resources and property rights to aquaculture .
Will Aquaculture Become Important in the U .S . ?
Aquaculture development in the U .S . is well behind world trends . Les s
than 3% of the aquatic food production in the U .S . is from aquaculture, wher e
world aquaculture presently provides 10% of aquatic foods . Furthermore, worl d
aquaculture production has been doubling in about five-year intervals over th e
last decade while catches from hunting fisheries have exhibited little or n o
growth .
The U .S . has not placed much emphasis on food production by domesti c
fisheries, even though 20 percent of the world biomass of harvestable seafood s
is believed to occur in continental shelf waters of the U .S . There are signs ,
however, that the U .S . public policy is becoming more favorable toward fis h
production in response to the deteriorating position of the U .S . in world trad e
and the escalating world demand for aquatic foods . U .S . Domestic fisherie s
are undergoing rapid expansion in response to recent establishment of a fisher y
conservation zone which encompasses most of the continental shelf waters surrounding the U .S . It remains unclear, however, whether aquaculture will benefi t
from policy changes which favor the development of domestic fisheries throug h
reallocation of wild stocks from foreighn to U .S . fisherman .
A national aquaculture bill, passed by the 1978 session of the U .S .
Congress, was vetoed by President Carter . Similar legislation has been reintroduced in the 1979 session . Responsibility for aquaculture is presently divide d
among three departments of government (Commerce, Agriculture, and Interior) .
State laws and administrative rules vary considerably in thei r
treatment of aquaculture, but most tend to be restrictive . State fisher y
agencies typically have the major role in managing aquaculture . They are
seldom supportive of aquaculture projects, and are frequently opposed to them .
On the positive side, the educational community has generally bee n
supportive of aquaculture . There have also been positive responses to aqua culture from the media, business comunity, and general public .
I remain optimistic that aquaculture will demonstrate steady bu t
modest growth in the U .S . I predict that the aquaculture industry will continue to face opposition from established commercial fishing interests ,
recreational interests, government bureaucracies, and environmentalists .
I
believe that this opposition is a natural resistance to change as man strive s
to develop methods to increase efficiency of food production from aquati c
environments . Economic necessity will gradually allow aquaculture to assum e
a logical role in the production of food along with aquatic hunting .
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Presented April 5, 1979 by ERNEST R . JEFFRIES, Department of Fish and Wildlife ,
Portland, Oregon .
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This talk is basically about the Fish . Culture program of the Orego n
Department of Fish and Wildlife .

The fish culture program is varied, complex ; includes facilities fo r
trout, salmon, and warm-water fish . Also, in Oreqon we have a private hatcher y
program, both for trout and salmon .
Since the title of this talk included the federal sector, I wil l
comment briefly on this program . In Oregon, the federal government funds man y
fishery programs and operates two hatcheries . One is on Eagle Creek, tributary,
to the Clackamas River, and has been in operation probably 15 years . Coho ,
spring chinook, and steelhead are reared . The other is a new facility on th e
Warm Springs Reservation (Deschutes River) and spring chinook, summer steelhead ,
and trout are reared . We work cooperatively with them to'have their fis h
integrated into the state system .
Now back to Oregon's actual state program . The state has a sizabl e
program with 32 hatcheries .rearing trout and salmon, 5 large rearing ponds fo r
salmon, and one large complex for warm-water development . Since we license th e
private salmon hatchery operations and they release fish into public water, we ,
in some ways, consider these as part of the state program . However, the privat e
trout hatcheries, also licensed by our Department, are not considered part o f
the state program .
Our agency is just completing construction of two additional hatcheries . One on the Clackamas is new and is funded by PGE and NMFS, and the one o n
Rock Creek, tributary to Umpqua, is being rebuilt with wildlife funds . Each o f
these costs about $1 .5 million .
About two years ago the new facilities at Bonneville Hatchery wer e
completed costing about $8 million .' These were constructed by the Corps o f
Engineers at ½ mitigation for problems caused by the John Day Dam . Operatio n .
costs for this one hatchery in fiscal year 1980 are estimated to be just ove r
$600,000 .

The total operating costs projected for the 1979-81 biennium for th e
hatcheries and other related activities (2-year period) are about $14 .6 million .
This includes engineering, administration, technical services, and other relate d
programs . The total agency budget for the same period is about $47 .0 million ;
thus, fish culture is a little over 30 percent of the total agency budget .
In calendar year 1977, we released almost 86 .0 million fish weighin g
about 3 .6 million pounds . By pounds the percentage of fish reared is 32% trout ,
18% steelhead, 29% chinook, and 21% coho . Salmon is about 50% of production .
The hatcheries are located mostly in western and central Oregon but one hatcher y
is near Enterprise .
A COOPERATIVE PROGRA M
I mentioned we have technical service groups . With a sizable hatchery
program good feed is a must . We buy out trout feed from 3 or 4 commercia l
growers . Idaho has the largest share of all the commercial trout growers i n
the U .S . They need tremendous amounts of food . As a result there are severa l
commercial trout food producers in Salt Lake City and the Buhl, Idaho, area .
They have nutrition laboratories and do a reasonable job in providing a goo d
diet for trout .
Oregon started nutrition research for salmon back in 1948 . At thi s
same time we started a cooperative program with OSU at the Seafoods Lab i n
Astoria . Ten years later, in 1958, a pellet had been developed . Prior to tha t
salmon were fed about any waste product from the animal or fishing industry .
It was purchased and frozen ; then, thawed, ground, mixed ; usually a meal of som e
sort added to absorb the liquids ; and then fed to the fish . We have many problems . Diseases in the adult salmon were simply ground up and re-fed to th e
juveniles . Lots of problems with gills because of the leached material in water .
As part of the new pellet, salmon and other fresh or frozen fish waste product s
were used but were pasteurized first . As the new pellet was used, our rearin g
program became much more successful . We produced a much better quality smol t
with higher survival, and for many years the fisheries were in good shape .
Other agencies started using the pellet . One company in Warrento n
worked with us on development and made the first pellets . As the Washingto n
Department of Fisheries and other agencies started using the food, anothe r
manufacturer near Bellingham started up . Now these two make over 20,000,00 0
pounds per year . Average cost is about 31 .5 cents per pound . They gross abou t
$6,300,000 as a result of this product .
Our cooperative program with OSU continues . We have been working t o
find additional ingredients, keep costs as low as possible yet with a qualit y
diet, and to look at new techniques . We have just received a lab-size fil m
evaporator from the DeLaval Company . We will use this to develop a better protein source for the diet . We are hopeful this machine will be so good tha t
industry will consider a larger model to use with the utilization of hake wast e
from this new developing fish industry .
This program with OSU has been excellent for out program .
I mentioned earlier we have some disease problems in the hatcheries .
Sometimes they are severe . As we develop larger facilities and increase th e
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numbers of fish in a concentrated area, the chance for disease increases . Similarly as with the nutrition program with OSU, we have had a long-term patholog y
program with the Department of Microbiology . In the early 1950's we hired a
young man to work with fish diseases . He soon left us, came to OSU, and receive d
his Phd . He became involved with the Department of Microbiology . He is no w
chairman of that department, and in our evaluation is the best skilled salmo n
pathologist in the U .S . or the world . Again we are fortunate to this contac t
with OSU . We have three of our four pathologists stationed here at OSU, an d
continue to contract work with Dr . Fryer .
Pathology is like everything else, it is getting more complex . Beside s
the common external parasites and bacterial diseases, salmon and trout now hav e
the potential for several viruses . We need skilled and competent, pathologically trained people to work with us . We had a meeting this morning, here on campus ,
with out pathological staff to consider problems that are becoming severe a s
related to IHN virus at out Elk River Hatchery on the south coast . A couple o f
years ago we had to kill all the trout in our Fall Creek and Wizard Fall hatcheries, both on Deschutes River tributaries, because of virus diseases .
INTERCHANGE WITH MICHIGA N
One of the interesting things that happened several years ago as ou r
salmon program became more successful, was that some fisheries people fro m
Michigan came to Oregon and Washington to see what was going on and to see i f
we had some fish that might be used in the Great Lakes . Lamprey eels, which spen d
time in the ocean then swim up the St . Lawrence seaway and into Great Lakes t o
spawn, decimated the lake trout . Scientists evaluated hundreds of compound s
and found one that was selectively toxic to eels . They set up drip stations i n
the streams the eels used for spawning . Also they established some electri c
weirs to direct eels to areas for killing . In the late 1960's the lamprey population, at least in Lake Michigan, was pretty well under control and also fe w
salmonid fish were left in the lake . The construction of the Leland Canal ha d
allowed the alewifes to enter the lake . These are small shad-like fish . They
prospered with basically no predators in the lake . Anyway, the Michigan peopl e
came out here and we went back there . They were looking for a fish to put in th e
Great Lakes which would feed on alewifes and provide a sport fishery . We provided the first million coho eggs for their program . It has been generally a
great success . They still buy pellets from the west coast and have develope d
several large coho hatcheries .
Possibly it might be of value to describe what goes on in some detai l
in a salmon hatchery and then point out the differences in a trout hatchery .
The basic differences are that the adult salmon return from the sea and provid e
the eggs, whereas with the trout hatcheries we maintain a brood stock and tak e
eggs from these fish . The salmon die after spawning so can only provide egg s
once . Trout and steelhead can spawn several times . Usually the trout eggs an d
fry are smaller and require greater care in early feeding .
The salmon fingerling are released hopefully to go to the ocean an d
grow to adults and then get caught . The trout are released generally to jus t
get caught .
Each fall the adult salmon return from the ocean . They are generall y
pretty specific where and when they return . I might use the Columbia River fal l
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chinook as the example because we have a large program with this fish . From
marking studies we know that after release these fish are up in the waters o f
southeast Alaska, and northern British Columbia . Somehow in their physiolog y
As they come by th e
they know when it is time to turn around and head home .
west coast of Vancouver Island they are caught in large numbers by the Canadians .
Some swim into the Puget Sound and are caught there . The sport fishery off Nea h
Bay, Westport, and Willapa Bay catches large numbers of these fish . In earl y
August they concentrate off the mouth of the Columbia . Then in late August they
start up the river . Our largest hatchery is at Bonneville . By early Septembe r
the fall chinook enter the series of adult holding ponds through which they ha d
been released . We know that our first day of spawning will be September 19 an d
the operation will be over by October 10 .
At Bonneville we have excellent facilities for handling large number s
of adults . Last year we handled almost 50,000 adult fall chinook and coho .
As the fish enter the adult pond they are sorted by a divider boar d
controlled by a fish culturist . Coho also enter early and we try to keep them
separate . The fall chinook are directed into the main adult pond . This is a
large concrete pond . When they mature, starting about September 19, they becom e
restless in the large concrete pond . They would like to find some gravel t o
spawn in . We block the upstream exit so they are forced downstream . They ente r
what we call a "drop-back" channel . This has a powerful mechanical crowder .
The salmon are crowded to one end, and enter a chamber . A gate is closed . Th e
chamber turns out to be a tower . When the gate closes the tower is filled wit h
water . A false bottom is raised lifting the fish in water about 20 feet high .
When they get to the top they are spilled into an anaesthetic tank, then onto a
sorting and killing table . About 80% or more of the fish that drop back ar e
mature . The excess males are simply killed, put into totes, iced, and loaded i n
trucks . The ripe females and males are spawned . Then they too are sold in the
same manner .
The adults are sold to the highest bidder and graded as to use . Thi s
system was worked out with Oregon State Department of Agriculture and a grea t
many people about 10 years ago .
SALE

OF FIS H

The most successful bidder in recent years has now built a processin g
plant just above the Bonneville Dam at Cascade Locks . He hopes to be successfu l
each year in purchasing hatchery fish from Oregon as well as Washington . He als o
buys fish from the Indian commercial fishery . The eggs are then fertilized an d
taken to the incubation room . Last year we took about 35 million fall chinoo k
eggs at Bonneville .
The salmon carcasses, from both coho and fall chinook, were wort h
almost $400,000 from Bonneville in 1978 . When I mentioned at the beginnin g
that this hatchery cost over $600,000 per year it sounds like a lot and it is .
However, if we can sell $440,000 worth of salmon which returned to the hatcher y
and know that from 4-8 other fish are caught for each one returning, the benefit cost ratio is not too bad .
When the eggs hatch and the fingerling are ready to feed, we put the m
directly out into feeding ponds . We have automatic feeders with feeding frequenc y
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timed by electronic gear . We clean the ponds, care for the fish, treat the m
if diseases occur, and then release them .
The fall chinook from Bonneville are released the first of May, onl y
about 8-9 months from egg-take . Coho, steelhead, and spring chinook are kep t
another full year until the following spring . At Bonneville the salmon ar e
released directly from the hatchery into Tanner Creek and then into the Columbia .
Coho, steelhead, and trout are frequently transported to other streams and lakes .
Fall chinook usually return after 3, 4, or 5 years of age starting from the tim e
the eggs were taken . Throughout the hatchery system we have a variety of ponds ,
feeding techniques, spawning activities, and release programs that vary from th e
above .
In addition to our present program, we are working with the U .S . Army
Corps of Engineers on a hatchery program for eastern Oregon as mitigation fo r
problems to salmon and steelhead caused by the dams on the Lower Snake . Ou r
first hatchery is being designed and we are searching for other hatchery sites .
There are also several other sizable mitigation programs in mid-Columbia an d
Lower Snake areas . This is where we will he concentrating new hatchery effort s
in the future .
In addition to these state programs we award permits for the private
salmon hatchery program . Dr . Bill McNeil discussed this program last week .
Let me just quickly state that we have now authorized permits for the releas e
of 37 .8 million coho, 42 million chinook, and 100 .5 million chum salmon . Release s
of some magnitude have been made from 10 of the 13 sites now authorized . We ha d
pending on December 31, 1978, 16 applications from 10 prospective operators . I n
1978, there were probably close to 10 million salmon released by private operators ,
all of the coast .
For the warm-water rearing program we have 10 one-acre lakes and tw o
two-acre dirt lakes near St . Paul . These are stocked with channel catfish ,
certified and received from California . Also they are stocked with small an d
largemouth bass and black crappie . As these grow, they are thinned into publi c
warm-water ponds . Some of the species for the ponds are collected by seinin g
adjacent areas .
1980's .

This then is a quick. overview of Oregon's fish culture program of th e
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Presented April 12, 1979 by JAMES E . LANNAN, Marine Science Center, Oregon Stat e
University .

information which I have presented in this seminar is taken fro m
The
an article which I contributed to a recent copyrighted publication . )

My agreement with the publisher prevents reproducing the entire article in thes e
proceedings . Therefore, I am including a brief summary of the article . The
reader is referred to the original article for more in-depth information .
The term "Salmon Ranching" is used in Oregon to denote the extensiv e
production of salmonid fishes . It is employed as a management strategy t o
supplement naturally reproducing stocks . The distinction between harvesting i n
near shore and terminal fisheries is not made .
Both public agencies and the private sector participate in salmo n
ranching in Oregon . Both contribute to the State's anadromous salmonid resources .
Among the species produced are the chinook salmon, the coho salmon, the chu m
salmon, and the steelhead or anadromous rainbow trout .
A brief review of production and catch statistics of Pacific salmo n
and steelhead in Oregon and in the Pacific Northwest illustrates the economi c
importance of these species to the State and Regional economy . A substantia l
proportion of the fish harvested in these fisheries result from hatchery production . It follows that salmon ranching activities are similarly importan t
to the State and Regional economies .
The State of Oregon operates 32 public salmon and trout hatcheries .
Additionally, the Federal government operates one hatchery in the State of Oregon .
This public hatchery system has and continues to play an important role in sustaining the State's recreational and commercial salmon and trout fisheries .
Additionally, the State hatchery program has established important runs of anadromous fishes in drainages where they did not previously exist, and enhance d
other drainages to levels which approach or exceed historical levels .

--Thorpe, J ., (Editor) 1979 . Salmon Ranching, Academic Press .
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Statutes authorizing the regulated participation of the private secto r
in salmon ranching in Oregon were enacted in 1971 . The original legislation ,
which was limited to the production of chum salmon, was modified to include coh o
and chinook salmon in 1973 and further amended to include pink salmon in 1979 .
Private hatcheries are not authorized to produce steelhead .
For a variety of biological and political reasons, the enhancement o f
Oregon's salmon resources has become increasingly dependent on hatchery production .
The costsof such hatchery enhancement programs are substantial . The questio n
which arises, then, asks how expanded salmon enhancement programs will be financed .
One alternative answer is to continue the infusion of public funds to suppor t
salmon production . A second alternative is to provide investment incentives t o
attract private investment . Oregon's private salmon hatchery program is a n
experiment in integrating the private sector into the State's salmon enhancemen t
activities .
Oregon law stipulates that fish released from private hatcheries ar e
the property of the producer during the time that they are confined within th e
producer's designated production facility . However, from the time they ar e
released until the time that they return to the designated facility, they ar e
part of the common property resource and are subject to capture in the State' s
commercial and recreational fisheries . In this way, recruitment to the commo n
property resource is increased at no cost to the taxpayer .
The wisdom of the decision to allow private salmon ranching is th e
subject of some controversy . The matter may be brought into perspective b y
comparing the relative costs and benefits of public versus private salmon production . Recent case histories provide an interesting comparison . The State o f
Washington recently embarked on a large scale salmon enhancement program . The
program is intended to contribute 4 .1 million adult salmon to the Washingto n
State Fisheries . The program, which has a continuing annual cost on the orde r
of 5 .5 million 1978 dollars per year derived from public funds, will require a
capital outlay of 29 million 1978 dollars . By coincidence, when Oregon's privat e
salmon producers reach their authorized production capacities, they will con tribute an equivalent number of adult salmon to Oregon's fisheries with no expenditure of public funds, either for capital outlay or for annual operating costs .
Consequently, the State of Oregon stands to derive substantial benefits from th e
salmon ranching activities of the private sector .
At the present time 16 release authorizations have been granted to 1 1
firms or individuals . The total numbers of salmon authorized for release b y
private hatcheries is presently 37 .8 million coho salmon, 42 million chinoo k
salmon, and 100 million chum salmon . These authorized releases contrast wit h
present State production of 14 .1 million coho, 52 .2 million chinook, and 2
million chum .
Private hatcheries have not as yet arrived at releases which approac h
the total authorized level . Access to broodstocks has severely curtailed production to the present time .
Oregon is in the midst of an era during which hatchery releases o f
salmon will increase approximately five fold . Because it will not be possible to
fully assess the impact of these releases for some time, the State has littl e
choice but to limit further expansion for the present . Thus, it seems unlikel y
that salmon ranching activities in Oregon will increase much beyond the presentl y
authorized levels of production in the foreseeable future .
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ABSTRACT
Infectious agents of Pacific Northwest salmonids are discussed .
Viral, bacterial, protozoan and fungal diseases are included . Methods use d
for controlling these pathogens are described .
INTRODUCTIO N
There are numerous infectious diseases of salmonid fish and th e
causative agents include viruses, bacteria, protozoa and fungi . The contro l
of these microorganisms has become a major concern of aquaculturists . Devastating losses, both biological and economic, have resulted from epizootic s
caused by microbial fish pathogens . There has been a realization by both stat e
and private aquaculturists, that the control of disease and the maintenance o f
healthy stocks of fish are tantamount to their success . To control disease, i t
is necessary to understand the etiologic agents involved . The purpose of thi s
report is to describe members from each group of organisms (virus, bacteria ,
protozoa and fungi) which are important pathogens of Pacific Northwest salmonid s
and to indicate methods used for their control .
VIRAL DISEASE S
Viral diseases pose very serious health management problems . -Becaus e
of their strict requirements tc reproduce within the host animal's cells, ther e
is no current chemotherapeutic method available for the treatment of vira l
diseases . Much research has been done toward the development of vaccines agains t
selected fish viruses, but to date, no efficacious product has resulted . Contro l
of these agents, depends on their avoidance or containment or eradication of the
virus by the destruction of diseased or carrier fish .
*Seminar presented by J . L . Fryer
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Recently Wolf (1976) and Pitcher and Fryer (in press) have reviewe d
the viruses known to infect fish and those diseases which are suspected to hav e
a viral etiology . There are at least eleven viruses which have been isolate d
from fish and proven to be the . causative agents of a specific disease . At leas t
nine others have been observed by electron microscopy and are suspected to caus e
disease . Of these, four are present among populations of Pacific Northwes t
salmonids . Three, infectious pancreatic necrosis virus (IPNV), infectious hematopoietic necrosis virus (IHNV), and Herpesvirus salmoninus have been isolate d
and characterized . The fourth, piscine erythrocytic necrosis virus (PENV), ha s
been observed only by microscopy and has not been artificially cultured nor ha s
it been fully characterized . Each of the four viruses found in the Pacifi c
Northwest salmonids will be discussed .
Infectious Pancreatic Necrosis Viru s
The disease now known as infectous pancreatic necrosis (IPN) was firs t
described in 1941 (McConigle, 1941) . It was not until the early 1960's that IP N
was first observed in the Pacific Northwest (Parisot, et al ., 1963) .
In a typical IPN ipizootic, the first sign is a sudden increase i n
mortality with the fish involved having characteristic violent whirling an d
horizontal corkscrewing . Other gross pathological symptoms include darkenin g
in color, abdominal distention, and hemorrhages at the base of ventral fins .
The disease gets its name from its affinity for pancreatic tissue, which, histologically, appears to be the primary tissue involved . The virus is a polyhedral particle about 65 mm in diameter which contains RNA (Figure IA) . It i s
primarily a pathogen of trout, but has been reported to infect coho (Oncorhynchu s
kisutch) and Atlantic salmon (Salmo salar) (Wolf and Pettijohn, 1970 ; McMichael ,
et al ., 1973 and McKelvie et al ., 1969 .
Usually among susceptible species ,
only the fry and fingerlings suffer from the clinical form of disease and animal s
of 15 cm and over are rarely killed by the infection . However, larger fish ca n
become carriers of the virus, harboring and shedding the agent for long periods .
Infectious pancreatic necrosis virus is extremely stable in water and is some what resistant to other chemical and physical agents .
Vaccines against IPNV have been researched with very little success .
At least seven serotypes of the virus exist and this, coupled with the lack o f
adequate, reproducible laboratory challenge systems have deterred developmen t
of vaccines for the control of IPNV .
In Oregon during the years of 1971 through 1973, the entire broo k
trout (Salvelinus fontinalis) program was eliminated as a result of this virus ,
and heavy losses of rainbow trout (Salmo gairdneri) also occurred during tha t
period . However, through a very stringent program aimed toward the eradicatio n
of the virus, this agent has caused no subsequent problems in these population s
of fish . The hatcheries involved were completely disinfected . One hatchery i s
supplied with water from a short-run, spring fed river which has an impassabl e
waterfall below the hatchery . This unique situation allowed all fish to be
eliminated from this water source . Not always are situations feasible for thi s
type of virus eradication and avoidance of the infectious agent remains the bes t
possible method for its control .
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Infectious Hematopoietic Necrosis Viru s
In 1953, Rucker et al . (Rucker et al ., 1953) reported a viral diseas e
among sockeye salmon (0 . nerka) in the state of Washington . The virus was unfortunately never fully characterized but is now thought to be IHNV . After thi s
first description, numerous other disease outbreaks resulting from IHNV have bee n
1973 and Wolf, 1976) . The viru s
reported (Wingfield et al ., 1969 ; Amend et
responsible for this disease is classified as a rhabdovirus and is a bullet shaped, RNA-containing particle which is approximately 160 nm in length with a
diameter of 90 nm (Figure 1B) . All isolates thus far examined appear very closel y
related serologically . Like IPNV, IHNV can be grown in a wide variety of fis h
cell culture systems . Infectious hematopoietic necrosis virus is endemic on th e
Pacific coast of the United States with its geographical range extending fro m
northern California to Alaska . Recently, epizootics caused by this virus hav e
occurred in other states and has also become well established in Japan (Sano e t
al ., 1977) . The occurrence of the virus outside the area of the Pacific coas t
of the United States is probably a result of the transportation of diseased fis h
or contaminated eggs . Natural epizootics of IHN have occurred only in sockey e
and chinook salmon (0 . tshawytscha), rainbow and steelhead trout . Coho salmo n
are apparently resistant to the virus .

al .,

During outbreaks of IHN, infected fish are generally lethargic, bu t
some may be hyperactive . Darkening of the body, especially of the posterio r
areas, abdominal swelling, exopthalmia, and fecal casts are typical clinica l
signs of the disease .
The disease usually occurs in very young fish and has been responsibl e
for very high mortalities . Animals which. recover become carriers of the viru s
and upon spawning are capable of transmitting IHNV to the resulting fry . In th e
past several years there has been a high incidence of IHNV carriers among chinoo k
salmon populations in some southern Oregon coastal rivers . These carriers, a
result of an outbreak of INN at Elk River Hatchery in 1974, have resulted i n
serious management problems with this highly prized stock of fish . A simila r
situation exists in some stocks of Alaskan sockeye and chinook salmon .
Controlling this disease has been accomplished by rearing fish a t
water temperatures above 15°C (Amend, 19701 . This technique has had som e
success, but does not eliminate the carrier state . Research on the developmen t
of a vaccine which can be used to immunize fish against IHNV has produced some
promising results, but presently an effective immunogen is not available fo r
widespread use .
Piscine Erythrocytic Necrosis Viru s
Piscine erythrocytic necrosis virus was first described by Laird e t
al . in 1969 (Laird, et al ., 1969) . The virus has been found to infect onl y
marine or anadromous species ; was first reported from fish residing in th e
coastal waters of eastern Canada and northeastern U .S .A . Subsequent report s
have been made of the occurrence of disease in fish on the west coast of the
U .S .A . and Canada (Evelyn et al ., 19781 . In Oregon, the first observation o f
the virus was made in 1976 by Marie Phillipon-Fried . Piscine erythrocyti c
necrosis virus infects red blood cells and causes a severe anemia, which result s
in very pale gills, a characteristic symptom of the disease . Other clinica l
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symptoms are not striking . Microscopically, inclusion bodies, which are packet s
of many virons can be seen close to the nuclei of infected red blood cells . Th e
electron microscopic reveals particles which have hexagonal profiles with diameters ranging from 100-310 nm (Figure 1C) . It has not been conclusively shown ,
but is presumed that PENV is a DNA-containing virus .
The disease has been reported in several species of marine fish ; amon g
Pacific salmonids, it affects chum CO . keta), pink (0 . gorbuscha) and fall chinoo k
salmon . In pen cultures of pink salmon, PEN is a chronic disease which can infec t
as high as 80% of a given population ; however mortality directly attributed t o
PEN is usually low (Evelyn et al ., 1976) . Because PENV has only recently bee n
described, the extent and severity of disease caused by it are still not known .
Until the virus can be isolated and propagated artificially, limited progres s
will be made in the understanding of this agent .
Herpesvirus salmonu s
An annual post-spawning mortality of rainbow trout broodstock at th e
Winthrop National Fish Hatchery, State Of Washington, was suspected to be a vira l
etiology . This mortality of 30-5G% occurred annually for several years beginnin g
in 1971, and, in 1975, a virus was isolated from ovarian fluids from these fis h
(Wolf and Taylor, 1975) . The virus has been further characterized and is considered to be a DNA-containing particle, which is hexagonal in profile and approximately 90 nm in diameter (Figure TD) . Like other herpesviruses, this agent ha s
an envelope .
The disease is limited to rainbow trout and kokanee (sockeye) salmo n
and occurs only in isolated areas in the Pacific Northwest and possibly Japan .
In the hatchery where the virus was first described, the affected fish wer e
destroyed and subsequent efforts to isolate this virus have failed . These an d
numerous other efforts to detect Herpesvirus salmonus indicate that the agent ha s
been controlled and may not have established itself among populations of salmonid s
in the Pacific Northwest .
BACTERIAL DISEASE S
A wide variety of bacteria are capable of infecting and causin g
disease in fish . Following are discussions of selected bacterial fish pathogen s
which occur in the Pacific Northwest especially among salmonid fish . Thes e
organisms vary in their importance and ability to cause severe disease . Severa l
methods, with varying degrees of success, have been used to control these agents .
Aeromonas salmonicid a
Aeromonas salmonicida is the causative agent of furunculosis . Thi s
disease and the organism responsible for it have been intensively studied .
Aeromonas salmonicida is a non-motile gram negative rod-shaped bacterium whic h
usually produces a brown soluble pigment . The virulent form of this bacteriu m
has an affinity for tissue cells (Figure 2A) and tends to autoagglutinate . Th e
bacteria cause disease in many species of fish and is a problem where eve r
salmonids are cultured . Possible exceptions to this are in New Zealand an d
Australia, countries which have strictly prohibited the import of any fish o r
fish eggs .
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The disease is characterized by a generalized infection or septicemia .
External pathology includes ulcerous lesions on the body surface . Frayed dorsa l
. fins and purple reddish or iridescent blue lesions along the side of fish ar e
'typical_ symptoms of the disease .
Aeromonas salmonicida can infect other species of fish which act a s
reservoirs for the infectious agents . Wood (1974) reports that scrapfish ,
especially suckers, migrating above hatcheries water intake are notorious source s
of infections . At the Siletz River Salmon Hatchery in western Oregon, Pacifi c
lampreys (Lampetra tridentata) were examined as a possible source of the annua l
furunculosis outbreaks at this hatchery . During the course of these studies, i t
was noted that during epizootics caused by A . salmonicida dead or moribun d
lampreys with symptoms and signs similar to those found in diseased salmon wer e
present on intake screens where water enters the hatchery . These lampreys wer e
found to be diseased as a result of infection with A . salmonicida (Table 1) .
This constituted the first observation of A . salmonicida in Pacific three toothe d
lamprey . Results of studies over a nine year period, suggest a possible relation ship between lamprey mortality and disease in the hatchery fish . It is interesting to note that this bacterial pathogen of salmonid fish was also infectiou s
for this vertebrate parasite of fish . These findings along with observation s
made by Wood indicate that one method for control of A . salmonicida is th e
elimination of reservoirs of infections, especially fish residing'in waters use d
to supply hatcheries .
. TABLE 1 . PREVALENCE OF Aeromonas salmonicida in Dead and Moribund Pacifi c
Lampreys Collected at the Siletz River Salmon Hatchery .
Year

No . Examined

No . Infecte d

19.66
1967
1968
1969
1970
1973
1975

36
15
8
9
5
9
12

29
10
4
3
2
6
8

TOTAL

94

62

Another method for the control of this disease which. has been used
extensively is the administration of chemotherapeutic substances, especiall y
sulfonimide drugs and oxytetracycline . However, because of prolonged an d
intensive use of these antimicrobial agents, drug resistant forms of A . salmonicida have arisen in certain hatcheries in Oregon and also in those of neigh boring states . This phenomenon is of major concern because it precludes the us e
of these drugs to treat fish infected with A . salmonicida . The use of chemotherapeutants is presently the only method available to treat this disease .
Although a large research effort at several institutions has been devoted to th e
development of bacterins against A . salmonicida, no effective immunizatio n
methods are available .
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Corynebacterium salmoninu s
Bacterial kidney disease has long been recognized as a major pathoge n
. of salmonid fish (Bullock et al ., 1975) . The bacterium responsible for th e
disease is extremely fastidious in its growth requirements . Even under optima l
conditions, it requires up to three weeks before visible growth can be observe d
on artificial media . The organism has only recently been subject to appropriat e
Corynebacterium salmoninu s
biochemical tests necessary for its classification .
has been recommended as the nomenclature to describe the etiological agent o f
bacterial kidney disease (Sanders and Fryer, 1978) . An electron micrograph o f
a thin section of the bacterium is shown in Figure 2B .
Corynebacterium salmoninus is a small, nonmotile, gram positive rod which has an abnormally hig h
requirement for the amino acid cysteine .
The disease caused by C . salmoninus is a chronic, slow, insidiou s
infection and continues to produce deaths over long periods' of time . There i s
increasing evidence that the infectious process continues after fish have entere d
saltwater . The target organ seems to be the kidney, hence the name bacteria l
kidney disease . Pathology in this organ is manifested by white macroscopi c
pustules, which, when examined microscopically, reveal large numbers of th e
causative agent . The bacterium can be found in other organs besides the kidne y
to include liver and spleen . The bacteria are capable of surviving and multi plying within phagocytic cells of the host thus, making the disease very difficult if not impossible to treat successfully with antimicrobial agents . There
is strong circumstantial evidence that the bacterium can be transmitte d
vertically as well as horizontally . Recently there have been efforts to preven t
vertical transmission by treating adults and their eggs with antimicrobial agents ,
particularly erythromycin . The success of these programs has varied and accurat e
evaluation of them awaits further experimentation . Control of kidney diseas e
remains a major problem in fish health, and, because of the nature of the diseas e
and its etiological agent, will likely remain so for some time to come .
Vibrio anguillaru m
Vibrio anguillarum is the causative agent of vibriosis . This bacter ium is found primarily in saltwater and is know to infect a wide variety o f
marine and anadromous fish (Anderson and Conroy, 1970) .
Vibrio anguillarum i s
a gram negative, slightly curved rod which is motile by a single polar flagellu m
(Figure 2C) . It is extremely infectious and produces symptoms very similar t o
those caused by other gram negative fish pathogens . Vibrio anguillarum has bee n
responsible for mortalities as high as 90% in chinook salmon held in saltwate r
(Cisar and Fryer, 1969) .
The development of saltwater rearing of salmonids was dependent o n
the control of this disease . Chemotherapeutic agents have proven to be of som e
value ; however, the development of bacterins for immunizing fish against V .
anguillarum has proven to be very successful . Several methods have been use d
to efficaciously administer bacterins made from this organism . These technique s
include oral administration, intraperitoneal injection, immersion of fish int o
bacterin-containing solutions and administration by spraying or showerin g
animals with bacterin solutions (Fryer et al ., 1979) . Each has proven effective ;
however, commercially available products are administered by immersion o r
showering .
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Yersinia ruckeri

-

Enteric red mouth disease was first observed in rainbow trout bein g
reared in the Hagerman Valley of Idaho and is now known to occur among populations of salmonids throughout the United States (Ross, et al ., 1966) . It remain s
an important bacterial pathogen in the Hagerman Valley, a major rainbow trout producing area .
The etiological agent of redmouth disease is a peritrichously flagellated gram negative bacterium (Figure 2D) with numerous characteristics in commo n
with the Enterobacteriacae . This organism has recently received the taxonomi c
designation of Yersinia ruckeri(Ewing et al ., 1978) .
A similar situation to that encountered with . A . salmonicida ha s
occurred in efforts to control redmouth disease . Prolonged use of chemotherapeutic agents has resulted in multiple drug resistant bacteria and has, in man y
instances, made drug treatment ineffective . However, in contrast to A . salmonicida, effective immunization against Y . ruckeri is possible . This was the firs t
commercially available vaccine for use by fish culturists .
Flexbacter columnari s
Columnaris is a major disease of salmonid fish . An outstanding re view of knowledge concerning the disease and its causative agent has been pre pared by Becker and Fujihara (1978) . Historically, Flexibacter columnaris ha s
been responsible for massive mortalities among hatchery reared juvenile salmonid s
and caused serious prespawning mortality among adult salmon and steelhead .
Flexibacter columnaris is a long thin gram negative rod which ha s
unique gliding motility characteristic of other cytophagal organisms . Th e
disease is usually a result of poor environmental conditions with elevate d
temperature being one of the most important parameters involved . Pathology i s
mostly on the external surfaces of the fish with the gills being the primar y
target . Yellowish lesions on the gills are typical symptoms of the disease .
The infection also becomes systemic and bacteria can be isolated from bloo d
and kidney tissue .
Recently this disease has become less important in the rearing o f
Pacific salmon . This is a result of improved environmental conditions withi n
hatcheries and in adult holding facilities where salmon reside prior to spawning . However, F . columnaris remains a ubiquitous pathogen and if environmenta l
conditions deteriorate, it could again become serious .
In the summer of 1971, the water temperature of Klamath Lake i n
southern Oregon reached 25°C and the largest natural fish kill ever experience d
in this state was recorded . Wendell Stout, the District Aquatic Biologist fo r
the Oregon Department of Fish and Wildlife estimated that approximately fourtee n
million fish died during this epizootic . Most of the fish dying were tui chu b
(Gila bicolor) with a few blue chub (,Gila coerulea) and Lost River suckers ,
(Catostomus luxatus) .
The cause of this massive mortality was F . columnaris .
To the authors' knowledge this is the first report of these three species o f
fish being infected with F . columnaris .
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Cytophaga psychrophil a
Another cytophagal fish pathogen which is morphologically simila r
to F . columnaris is Cytophaga psychrophila, the causative agent of cold wate r
disease . Although the two organisms are similar, the disease caused by C .
psychrophila is different to that caused by F . columnaris .
Cold water diseas e
occurs when water temperatures are below 10°C and it rarely affects adult salmon ,
External pathology is typified by erosion of the peduncle area of the infecte d
fish . This can also become systemic and can be isolated from external lesion s
or from kidney tissue . This disease is prevalent among colic) hatcheries locate d
on coastal streams of western Oregon and Washington .
Cytophaga psychrophil a
can be effectively treated with oxytetracycline if fish . have started to feed .
However, the disease often times occurs before fish take food thus making th e
control of this disease very difficult .
Bacterial Gill Diseas e
Bacterial gill disease is caused by filamentous gram negative rod shaped bacteria which have never been appropriately classified . This diseas e
is probably caused by several different organisms sharing similar characteristics .
The agents do not become systemic and cause death by severely affecting the gills .
The bacteria can become so numerous that they actually prevent the exchange o f
gases at the gill . They can also cause pathological changes of the gills whic h
also prevent gaseous exchange . The disease usually occurs when environmenta l
conditions impose unreasonable stress on the host . These conditions are ofte n
a result of overcrowding . Bacterial gill disease is capable of very explosiv e
increases in mortality . As many as 20% of a population can succumb to thi s
disease in one day . In the spring of 1978, at the Bonneville Salmon Hatchery ,
an estimated seven million fall shinook salmon died as a result of this disease .
There are chemicals which have been effectively used to combat the disease, bu t
prophylaxis, by providing a healthy environment for fish, is the best metho d
for control .
Aeromonas hydrophil a
Aeromonas hydrophila is not a major pathogen of salmonids, but aquaculturists should be aware of it and the parameters which are necessary for i t
to cause disease . The organism is a motile gram negative rod which can cause th e
same symptoms seen during gram negative bacterial septicemias . Unfavorabl e
water conditions, especially those associated with elevated temperature (Grober g
et al ., 1978), are usually necessary for this saprophytic aquatic organism to
cause overt infections .
Although, not an important pathogen of coldwater fish, this organis m
can cause massive mortality in warmwater fishes . In Oregon, A . hydrophil a
causes mortality of epizootic proportions in American shad (A'Iosa sapidissima )
in Coos Bay . This mortality occurs during the spring and early summer month s
during periods of elevated water temperatures .
In hatchery situations the disease can be controlled by administerin g
antimicrobial agents . However, the most
method of control is providin g
favorable environmental conditions .

effective
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Lactobacillus sp .
Brood trout occasionally show symptoms of a disease referred to a s
psuedokidney disease . Examination of these fish reveal large gram positiv e
bacilli which can be mistaken for C . salmoninus, the causative agent of bacteria l
kidney disease . However, Lactobacillus sp.. is distinct because of its large r
size and ease of artificial cultivation . Infections by this organism appear t o
be debilitating, and mortality is seldomly directly attributed to this bacterium .
The disease has not been reproduced experimentally in rainbow trout by intraperitoneal injection of pure cultures of the organism .
Mycobacterium sp .
A fish disease which has been termed "fish tuberculosis" or "fis h
mycobacteriosis" is important to this discussion because it demonstrates ho w
it is possible to eliminate a disease through an understanding of the infectiou s
process . In the early 1950s, fish tuberculosis was first noted in salmon an d
trout and for about a decade was the subject of much attention . Epidemiologica l
investigations resulted in the discovery that unpasteurized fish products ,
especially salmon viscera, which were contaminated with mycobacterium were bein g
fed to salmon fry . This resulted in the initiation of chronic systemic infections . This practice was discontinued and today the disease among salmonids i n
the Pacific Northwest has been virtually eradicated .

PROTOZOAN DISEASE S
There are numerous protozoans which infect salmonids with varyin g
degrees of distress caused to the host . The discussion here will be limited t o
two myxosporidan parasites which exist exclusively in the Pacific Northwest .
Ceratomyxa shast a
Ceratomyxosis is a disease of salmonid fish caused by the histozoi c
myxosporidan, Ceratomyxa shasta .
It was first observed in 1948 in domesticate d
fall-spawning rainbow trout in Shasta County, California (Wales and Wolf, 1955) .
Since that time the geographic distribution has been investigated and now includes certain river drainages in California, Oregon and Washington . Withi n
this area only certain sections of these river drainages contain the infectiou s
stage of C . shasta .
During the period of almost thirty years since the diseas e
was first described, there have been no reports of this parasite in salmonid s
except those along the Pacific Coast . This is in marked contrast to many othe r
fish pathogens that have a wider distribution, often as a result of the shipmen t
of eggs and/or fish to new locations .
Symptoms of the disease vary with the species of salmonids infected .
Anorexia, lethargy, a darkening of the body surface and distended abdomen s
because of accumulated ascitic fluids are some external signs of ceratomyxosis .
Spores of C . shasta can be easily recovered from intestinal contents and the
gall bladder of infected animals . Figure 3A is a photomicrograph of typica l
appearing C . shasta spores . Their dimensions vary from 14 to 23 um in lengt h
and from 6 to 8 um in width .
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The disease seems to be transmitted only with water containing the infective stage . Fish to fish transmission does not occur . This indicates tha t
control of C . shasta is possible by the avoidance of contaminated water . Anothe r
approach to the control of ceratomyxosis in both hatchery and wild conditions i s
the introduction of resistant strains of fish . These resistant strains show a
much reduced susceptibility to C . shasta and such resistance appears to be due t o
natural selection (Zinn et al ., 1977 .

Myxobolus insidiosi s
Unlike C . shasta which is able to cause disease and, ultimately, deat h
of fish ; Myxobolus insidiosis infects fish but is not directly responsible fo r
mortality . This parasite was first described by Wyatt and Pratt (1953), wh o
observed M . insidiosis in fall chinook salmon from the McKenzie River, Oregon .
It has subsequently been observed in other salmonids in locations within Orego n
and Washington .
Spores of M . insidiosis (Figure 3B) range in size from 12 .8 to 17 . 3
pm in length and from g to 11 .5 pm in width . These spores are encysted in muscl e
tissue and some cysts can become so large that they occupy as much or more spac e
as the muscle bundles themselves . When animals become this heavily infected ,
their swimming ability is impaired, affecting their survivability . It has bee n
reported that coho salmon returns to the Lewis River in Washington, where th e
parasite is endemic, are lower than returns to other rivers where the M . insidiosis is not present (Wood, 1974) .
FUNGAL DISEASE S
Aquatic fungi are indigenous in nearly every water supply inhabitate d
by salmonids .
Saprolegnia parasitica, an external fungus and perhaps the mos t
common fungal agent which affects fish, is especially prominent in hatchery wate r
Unlik e
supplies . A second important fungal disease agent is Phoma herbarum .
Saprolegnia, P . herbarum is a plant saprophyte that can also be an internal fis h
pathogen .
Saprolegnia parasitica infects eggs as well as juvenile and adult fish .
Dead eggs serve as an excellent growth medium and established fungi may soo n
spread to and eventually smother adjacent live eggs . In juvenile and adult fish ,
Saprolegnia is generally a secondary invader which takes advantage of a lesion o r
an abrasion to establish itself . The infection is easily recongized by cotton like patches .
Saprolegnia has caused devastating losses in coho alevins afte r
invading the gill tissue ; the organism also has the ability to establish itsel f
in muscle tissue . This fungus is easily treated with chemicals, and its occurrence can be limited by keeping fish in nonstressful conditions .
Phoma herbarum can cause sever losses in young salmonids and bot h
external and internal pathological symptoms can be observed in infected fish .
Vents become swollen and hemorrhage ; the abdomen may be laterally compressed ;
the caudal fin often has extensive hemorrhaging and petechia may be present o n
the lateral and ventral body surfaces . Histopathological examination suggest s
that the air bladder may be the primary organ infected, thus the organism i s
often referred to as "air bladder fungus" . The air bladder eventually i s
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destroyed, causing the infected fish to swim on their side or in an inverte d
position . The fungus often penetrates the air bladder wall and causes an extensive inflammatory reaction in surrounding tissues . The stomach wall and kidne y
become petechiated and necrotic . The dorsal aorta is frequently congested wit h
mycelium .
There is now known treatment for this infection .
From the preceding discussion, it becomes obvious that there ar e
numerous pathogens of fish, each of which presents different problems concernin g
their control . A summary of the pathogens discussed, the diseases they caus e
and possible control methods are given in Table 2 . Fish health management involves three separate parameters all of which act in unison . These are th e
environment, the fish and the pathogen . A relationship between these entitie s
has been described by several authors (Wedemeyer, 1974 and Snieszko, 1974) .
The environment is extremely important in this relationship . In fis h
culture there are many stresses which arise from unfavorable water conditions .
With these stresses, fish become more susceptible to disease and in some case s
the environmental conditions themselves can cause mortality . Water quality
parameters which produce stress are familiar to fish culturists and includ e
elevated water temperatures, low dissolved oxygen, high amounts of suspende d
solids, high ammonia levels and others .
The fish, or the host for the pathogen, can be made more resistan t
by keeping the animals nutritionally sound . Disease resistant strains of fis h
may also be considered in some cases . An example is the discovery of fis h
resistant to C . shasta .
In some instances fish can be made more resistant t o
disease by the administration of immunizing agents . This has been done success fully to control Y . ruckeri_and V . anguillarum .
Although environmental conditions and host resistance are importan t
in disease control, probably the manipulation of the pathogen, by one or severa l
methods, is the most used technique in health management . Too often, controllin g
the pathogen is done after infection of fish has already occurred . This entail s
the use of chemotherapeutic agents and has been successful in the treatment o f
some bacterial and fungal diseases . However, with the widespread use of chemotherapy, there has been an advent of drug resistant forms of the pathogen s
treated . The most effective method of controlling the pathogens is by avoidanc e
of the disease causing organisms . This can be accomplished using severa l
techniques . Strict sanitation methods are required . In the hatchery this includes the disinfection of ponds and equipment, also eggs can be disinfecte d
with iodophors before entering a hatchery . Water supplies, wherever possible ,
should be from wells or springs with pathogen-free water . In situations where
this is not feasible, the water supply should not contain resident wild fis h
which can act as reservoirs of infectious agents . If these are not possible ,
water can be disinfected before hatchery use by chlorination-declorination ,
ozone or ultraviolet radi.ti.on treatments . Perhaps the most important managemen t
technique involves the establishment of disease control policies which limit th e
introduction of potentially contaminated eggs and/or fish into areas where th e
contaminant is not an endemic pathogen . Using knowledge concerning diseas e
causing agents, and employing management techniques which promote fish health ,
the incidence and severity of fish diseases in the Pacific Northwest can b e
reduced .
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LIST OF FIGURE S
Figure 1 . Electron micrographs of selected viruses isolated from Pacifi c
Northwest Salmonids . A . Infectious pancreatic necrosis virus . B . Infectiou s
hematopoietic necrosis virus in an infected cell . Note the bullet-shaped viru s
particles . C . Piscine erythrocytic necrosis virus in an infected red bloo d
cell . D . Herpesvirus salmonas .
Figure 2 . Electron micrographs of selected bacterial pathogens of Pacifi c
Northwest Salmonids . A . Scanning electron micrograph of Aeromonas salmonicid a
showing its affinity for tissue culture cells . B . Corynebacterium salmoninus .
Internal structures are mesosomes . C . Vibrio anguillarum .
Some interna l
structure and single polar flagellation are demonstrated . D . Yersinia ruckeri .
Peritrichous flagellation is shown .
Figure 3 . Spores of two myxosporidan parasites found in Pacific Northwes t
Salmonids . A . Ceratomyxa shasta .
B . Myxobolus insidiosis .
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Figure
Figure
Figure
Figure

IA .
1B .
1C .
1D .

Polyhedral pattern of IPN .
Bullet-shaped IHNV virus .
Hexagonal profiles of piscine erythrocytic necrosis virus .
Hexagonal profile of Herpesvirus salmonus .
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Figure
Figure
Figure
Figure

bacterium .
2A . Charasteristic rod-shaped Aeromonas salmonicida
.
Corynebacteriumsalmoninus
2B . A thin section of the
bacterium
appears
a
slightly
curved
rod .
Vibrio anguillarum
2C .
.
2D . Yersinia ruckeri, or red mouth disease
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Figure 3A . Photomicrograph of typical appearing C . shasta spores .
Figure 3B . Spores of M . insidiosis .
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Introductio n
This paper tends to briefly examine the state of engineering technolog y
in the Pacific Northwest salmon and oyster industries and to identify barriers o r
constraints standing in the way of increased productivity or economic efficienc y
(output divided by costs) . Such barriers can be identified with a vast number o f
disciplines ; including economics and marketing, biology, nutrition, disease an d
its control, environmental and institutional regulations, as well as engineering .
When one tries to specifically identify the engineering constraints or barriers ,
it is quickly seen that such problem areas have truly an interdisciplinary nature .
The authors and others in the Department of Agricultural Engineerin g
are in the process of studying the state of engineering technology with the in tent of identifying barriers and the kinds of engineering needs that will mak e
the greatest impact on increased productivity in the oyster and salmon industries .
This paper is meant to be a progress report on a continuing study .
It is interesting to note that one of the areas, identified in bot h
industries as one having potential for the greatest impact, involves the are a
of aquaculture facility design . Although the technology exists to design con trolled environments for aquaculture facilities, the present study is identifying a need to optimize the systems, that is, make them more effective and, as a
result, more economical . In the salmon industry, facility design impacts hatcheries and ocean ranching . In the local oyster industry, such an aquaculture production facility has been identified as "out-bay culture" (Breese, 1976) .

THE OYSTER INDUSTR Y
I . Technology today
Oysters, which start out as free-swimming larvae, tend to settle a s
"spat" on hard substrate, typically old shells arranged by the grower in clumps ,
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bags, or strings for that purpose . Seed in this area has been obtained in thre e
ways : naturally collected in certain warm water areas ; purchased from one of th e
eight commercial hatcheries in the three-state area (Chew, 1978), then set i n
warm water tanks either at the hatchery or at the grower's installation ; purchase d
already on the shell from Japan . The vast majority of oysters reared in th e
three-state area are grown on the bottom . Shell with seed attached is typicall y
hand sewn from barges ; after two-three years, the oysters are ready to harvest .
Harvesting of bottom cultured oysters is done in generally three ways :
by hand at low tide ; by drag dredges which scrape the bottom ; or by continua l
harvesters . The technology of continual harvesters is evolving and is seen to b e
an important area of study for bottom cultured oysters because of the high mortality caused by drag dredges . Growers estimate that drag dredges destroy 20-30 %
of the growing stock by burial, breakage or low catch efficiency .
String and tray culture are used by some growers . In string culture ,
the cultch is first pierced, then strung onto wires with small plastic hos e
separators . The strings or trays are slung from floating rafts moored betwee n
pilings in the estuary .
Stake culture is a method which takes advantage of algae-rich wate r
column above the substrate and also allows oysters to be grown in areas wher e
the bottom is too soft or unsuitable for some other reason . Similarly, strin g
culture, on which cultch is fastened to long horizontal strings draped betwee n
posts, is used in some areas of Washington .
Finally, one promising technique is presently being commercially teste d
in Yaquina Bay : Young "cultchless" oysters (those started in hatcheries on smal l
particles or chips of shell) are started in nested plastic trays slung underneat h
floating pontoons . After about one year of hoisting from the water to be washed ,
sorted and thinned, they are put into floating cage-like structures where the y
grow to marketable size as single oysters .
The total production of Washington, Oregon, and California is aroun d
6½ million pounds of meat per year, with 85% of this reared in the state o f
Washington . This total represents a small fraction of the amount reared on th e
east coast and a very small fraction of the total US consumption of somethin g
on the order of 60 million pounds per year (Glude, 1977) .
Several growers have commented on the fact that the markets are strong ,
and that if they could produce more oysters they could sell all they could pro duce . The price per pound of oyster meat is competitive with other types of fish ,
poultry and red meat sold in the grocery store . So, with the assumption tha t
markets are strong, it is of interest to examine the barriers which appear to b e
inhibiting further expansion and production .
II .

Barriers to increased productivity
A . Availability of seed

Few growers are buying seed from Japan because of an increase in pric e
in recent years as well as an apparent scarcity of product . The natural set in ,
for example, Puget Sound, remains a possibility but has been over the years a n
unpredictable thing . Some years the natural set is very strong ; other years i t
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is very poor . Hatcheries are just coming into production . One hatchery i n
Oregon has been in operation for one year and looks like a viable operation .
Hatcheries have the capacity to produce cultchless oyster seed, various varietie s
of oysters and, in the future, clams . Some engineering effort that could tend t o
make some incremental improvement in hatchery operations would involve : 1 )
better ways of heating water or recovering waste heat from warm water discharges ;
2) a continual (versus batch) algae production facility .
B.

Productivity of existing system s

Present technology is very labor intensive . Hand sewing of seed ,
harvesting by drag dredges, hand shucking and sorting, are all things whic h
limit the substantial increase in productivity, given the scarcity and expens e
of labor in some of the coastal communities . There is a need for engineerin g
effort to improve mechanical handling, sorting, washing, shucking ; to optimize
or improve continual harvesters of bottom-cultured oysters ; to devise bette r
three-dimensional support systems that can utilize the entire water colum n
rather than just the bottom ; and to devise means of planting oysters in sof t
bottom areas in such a way as to minimize the sedimentation and burial .
Many of these problems have been addressed in other areas of th e
world, in fact in other areas of the United States . So, for the Pacific North west, it is in many cases more a matter of technology transfer than of developin g
new techniques or knowledge .
C. Availability of growing area s
Because of user competition in limited estuarine areas, coastal zon e
management decisions, environmental restrictions and controls (which include s
restrictions on visual pollution), new oyster growing areas are becoming mor e
and more difficult to find . It appears that this problem will get no better a s
time goes on . An additional factor decreasing the areas of workable substrat e
for rearing of bottom-cultured oysters, is the fact that burrowing shrimp, onc e
controlled by chemical sprays, are a problem because of the difficulty to ge t
spray permits . These shrimp tend to burrow into the substrate, making it in capable of supporting the oyster cultch .
D. Pollutio n
Pollution of water is a critical factor for oysters because, unlik e
other seafoods, oysters tend to concentrate pollutants and they are commonl y
eaten raw . A closer FDA scrutiny of estuarine areas and increased pollutio n
levels threaten to decrease the productive areas available to oyster growers .
Tillamook Bay for example, has been identified as an area with hig h
fecal coliform counts during periods of high rainfall . Poorly designed o r
operated sewage treatment plants, agricultural run-off from surrounding dair y
farms, and inadequately designed septic tank systems all contribute to thi s
situation . One "band-aid" solution to this deteriorating situtation has bee n
suggested by FDA to be the installation of "depuration plants" . A depuratio n
plant is a seawater system in which polluted shellfish are placed for a perio d
of days to effect cleaning . Seawater sterilization, generally by ultraviole t
lights, will tend to clean coliform bacteria from the shellfish . Depuration i s
a common practice on the U .S . east coast for clams, in Europe for oysters an d
clams, and even recently in Australia for oysters .
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E . Financin g
Although oyster growers are considered to be farmers, they have foun d
it difficult to get financial support, loan guarantees, or crop insurance . Two
possible reasons for this are that aquaculture ventures are not very well under stood by lending agencies, and crops grow over a two to three year season a s
opposed to one year for agricultural products . One potential solution to thi s
problem of financing lies in the National Aquaculture Bill, vetoed last year b y
President Carter but still alive in the legislative process .
III .

Out-bay culture

The above barriers to productivity reveal several engineering area s
which could offer some incremental improvements in productivity, either in response to some of the environmental and institutional restrictions or as pro posed new incremental steps . However, one area which appears to address man y
of these barriers and points to the need for new technology in oyster productio n
has been described as "out-bay culture" of oysters . It is essentially an oyster rearing facility physically removed from the estuary, through which estuarin e
water is pumped in a flow-through, semi-closed, or occasionally closed cycl e
operation . The development and optimization of out-bay culture to the point o f
financial viability is a long term project, but it would appear to be worth th e
effort .
A . Benefits of out-bay oyster cultur e
1.

Some parameters can be controlle d

Parameters such as temperature, salinity, oxygen, flow rate, turbidit y
and others can conceivably be controlled to maximize the growth rate as well as t o
perhaps minimize maintenance and other costs . Conceivably, disease might be con trolled by such parameter control or by the introduction of vaccines .
2.

Controlled feedin g

Feeding rates and diets in such a controlled environment, could them selves be controlled to maximize growth rates . (At the same time, development o f
an artificial diet is considered one of the limitations to current technology an d
will be mentioned later . )
3.

Pollution contro l

A facility which pumps saline water from the estuary could be shu t
down or cycled upon occurence of erratic chemical or oil spills or failure o f
local sewage treatment plants . Such a flow control could prevent catastrophi c
loss of a crop . Similarly, if existing coliform or pollutant levels were t o
continue over a longer period of time, a controlled facility could include a
built-in depuration cycle to commence operation several days before the oyster s
are to be marketed .
4.

Available space

Land, and construction thereon, is much more readily available withi n
the estuary itself .
40

•

•

5 . Selective breedin g

It is assumed that selective breeding would be more reasonable i n
facilities for which parameters could be controlled . In addition, species unsuitable for some of the natural growing areas might be selected for out-ba y
facilities having adjustable environments .
6 . Other specie s
Other species of oysters as well as clams could all be considered i n
facilities having controlled parameters .
B . Further work needed for development of out-bay cultur e
Before out-bay culture can be considered as a commercial operation ,
several areas of study must commence . Among these :
1.

Biological modelling ; the optimization of an out-bay system .

The selection of parameters that can make the system most productiv e
and least costly, will require some biological modelling of the animals, to include growth and feeding relationships . Much work has been done at the University of Delaware in the development of their closed-cycle molluscan cultur e
systems ; much of this is applicable to the situations on the west coast althoug h
different species will generally be considered . New material and relationship s
must also be developed to allow us to optimize the facility design under the conditions we have to work with .
2.

Facility desig n

Flow configurations in an out-bay facility, packing densities ,
mechanical handling to reduce labor are all areas needing further study . Temperature control has been mentioned as a means of increasing growth and feedin g
rates ; however, heating of water is very expensive . Exploration of alternativ e
energy sources must be examined for application of out-bay facilities in th e
Pacific Northwest .
3.

Economic s

Besides design, construction, and maintenance costs, "economics" migh t
be considered in terms of varying growing strategies . It is not necessary fo r
example, to grow oysters or clams to marketable size in the out-bay system .
A
strategy of growing oysters to some intermediate stage at which they could bette r
survive in the open estuary, might be a conceivable early alternative for a n
economical out-bay facility .
4.

Food Source s

This has been identified as one of the major steps that must b e
addressed before one can confidently consider a successful out-bay facility* .
Present diets consist of naturally grown algae which can be incorporated in th e
*Private conversation with W . Breese, J . Lannan, R . Sinnhuber, Oregon Stat e
University .
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same flow system as that rearing the oysters (Breese, 1976) . However, the pro , duction of algae is a very sensitive operation . Some algae species are . no t
suitable for good oyster growth . They are also very dependent on nutrient source ,
which would have to be augmented . An artificial diet or ration would lend a muc h
greater degree of control, as well as a much reduced level of risk, to presen t
production technology . ,
'
Summary

'

In summary, the oyster industry is in need
development activities in three different categories :
'

of engineering design an d

1) Those efforts that will tend to make an incremental gain in exist ing systems ; that is, make existing and, perhaps, marginal operations more pro ' ductive and economically sound ;
2) Responses to environmental and institutional restrictions, such a s
development of depuration technology or design of three-dimensional subsurfac e
growing systems ;
3) Application of new technology to develop new and more efficien t
ways of intensively rearing oysters, as exemplified by the "out-bay" approach . .
Reference s
Breese, W . P . 1976 . Out-bay culture of bivalve molluscs . Prodceedings of th e
National Shellfisheries Assn . Vol . 56 .
Chew, K . K . 1978 . The Pacific Oyster (C . Gigasl in the west coast of the Unite d
States . Presented at the workshop on Biolocical and Legal Aspects of
Introduction of Exotic Species for Marine Mariculture . Woods Hole, MA .
Glude, J . B . 1977 . The Pacific Oyster, a literature review and analysis of th e
use of thermal effluent in the culture of the Pacific Oyster . Unpublished report .

THE ROLE OF ENGINEERING IN SALMON RANCHIN G
There are two forms of salmon aquaculture ; pen rearing, in whic h
salmon are kept in a confinement until they reach market size ; and salmo n
ranching, in which they are released at an early age, and then recaptured a s
adults when they return to spawn . I have chosen ranching as a topic because i t
appears to have clear advantages over pen rearing . In ranching, the only input s
required are the food and raceways to hatch eggs and raise salmon fry to smol t
size . Salmon is high on the food chain, and therefore potentially very expensive to raise in pens . The advantage of salmon ranching is that once the salmo n
are released into the ocean they can forage for food . The salmon extract foo d
from the ocean that man cannot economically extract . By the time the salmo n
return in three years or so, the bulk of their body weight is derived from foo d
captured in the open ocean . This is illustrated by Table 1, in which salmo n
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' '

TABLE 1

WEIGHT OF FOOD INPU T
WEIGHT OF FOOD OUTPUT

PEN REARING :

COHO SALMON (USA)

SALMON RANCHING :

•

'

~.

2.0

ATLANTIC SALMON (NORWAY)

6.0

ATLANTIC SALMON (NORWAY)

6. 0

COHO SALMON (CANADA)

0 .2 0

COHO SALMON (WASH .)

0 .1 8

ATLANTIC SALMON (SWEDEN)

0 .1 6

CHINOOK SALMON (USA)

0 .30

CHUM SALMON
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(OREGON)

0

ranching is shown to have a higher food conversion efficiency and higher productivity per hectare of raceway space than pond rearing .
Another advantage is that in ranching the disease problem is greatl y
reduced . Confined stocks are more vulnerable to outbreaks of disease . However ,
salmon ranching has not yet been shown to be economic . The problem is this ;
starting from eggs, and going through the various cycles in a salmon's life, the
losses of salmon can be very large . Only a very small percentage of the egg s
initially acquired by a hatchery will eventuate in full grown salmon which ar e
recaptured at the place of their release . Approximately 80% of the eggs acquire d
by a hatchery will mature to smolts to be released into the ocean .
Perhaps 10% of those released will survive and return as adults fo r
harvesting . Perhaps 15% of those returning will escape capture by the commercia l
and sport fishing industry . Thus, a salmon ranching enterprise must begin wit h
something on the order of 80 salmon eggs for each adult salmon which they wil l
eventually recapture . To make this enterprise successful, a salmon ranchin g
company must attempt to reduce the costs of raising salmon fry to release size ,
and reduce the losses of the released smolts as much as possible .

Role of Engineer s
The role of engineers is to develop facilities, hardware and operatin g
techniques which will reduce both costs and losses . The state of the art o f
engineering in the field of salmon ranching can be described in terms of a lis t
of engineering needs rather than a list of engineering accomplishments . Th e
various enterprises involved in salmon ranching have actually been familiar t o
the West Coast for 100 years or so, and a good deal of engineering work has bee n
done in that time .
The first West Coast salmon hatchery was opened in 1872 and the firs t
salmon cannery about the same time ; and of course trapping and trawling for salmo n
has been going on the whole time . However, in spite of the fact that thes e
processes have been going on for so long, salmon ranching is an infant technology .
What's different is that the hatcheries in a salmon ranching operation mus t
operate at a profit which is derived solely from the fish that return to th e
release point .
By contrast, the economic justification for state run hatcheries is th e
restocking of the ocean in support of trawlers, gill netters and sport fisherman .
A salmon ranching enterprise has not prior claim to the fish it releases . Thus ,
it must be able to sacrifice a major portion of its fish to these other fishin g
interests and still recapture enough fish to make a profit . To make a profi t
under these circumstances, it may be necessary to increase the efficiencies o f
private hatcheries well above the present efficiencies of state hatcheries .
Table 2 presents some crude estimates of comparative costs, illustratin g
the efficiencies which Weyerhaeuser would like to attain . The technological challenge is therefore to achieve an order of magnitude increase in operatin g
efficiencies vis-a-vis the old hatching, catching and processing enterprises .
As indicated by Table 2, the state hatcheries are producing smolts for somethin g
like 35 each . Weyerhaeuser wants to get down to 10 cents each . Furthermore ,
is must be done while increasing smolt quality to improve survival rates in th e
ocean .
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. TABLE 2

ESTIMATED UNIT HATCHERY COSTS
(COHO AND CHINOOK ONLY )
OPERATIN G
COSTS

UNIT CAPITAL COST S
(ANNUALIZED)

TOTA L

SALMON RIVER
(STATE)

17

11'

28

McKENZIE RIVE R

16

30

46

14

9

.23

7

2

(STATE)
1979
SPRINGFIELD
' (WEYERHAEUSER)
1985(?)

ASSUMPTIONS : (1) 2 CHUM = 1 CHINOOK FOR WEYERHAEUSER )
(2) 1985 OPERATING COSTS ARE SCALED UP FOR FEE D
AND EGGS ONLY ,

(3)

CAPITAL COSTS FOR HATCHERIES ARE BASED O N
1977 DOLLARS ; EARLIER COSTS SCALED UP A T

10% PER YEAR ,
(4) ANNUALIZED CAPITAL COSTS BASED ON 10% INTEREST ,
(5) 80, 000, 000 FISH AT SPRINGFIELD BY 1985 ,
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In this discussion I will look at four phases of salmon ranchin g
operations ; (1) hatchery operations, (2) release, (3) recapture and breeding ,
and (4) processing operations .
1 . Hatchery Operations - My comments about hatchery operations are based largel y
on observation of Weyerhaeuser's Oregon Aquafoods hatchery at Springfield . Wha t
you see there, first of all, is an enormous water treatment plant and a larg e
pumping operation, which require a good deal of energy use and capital investment . The rest of the hatchery represents a substantial capital investmen t
for raceways, holding ponds, laboratories, and so on . The water treatment plan t
is designed to treat McKenzie River water to insure that the fish will not b e
affected by ambient disease . The size of the water treatment plant is comparabl e
to municipal treatment plants . The capacity of the Springfield plant is 55 Mgd .
By contrast, the city of Corvallis has a capacity of 21 mgd an d
normally uses only 5 to 15 mgd . The Weyerhaeuser plant differs in some respect s
from municipal pretreatment plants . The operation of the Weyerhaeuser facilit y
involves first chlorinating the water and then dechlorinating it . In addition ,
settleable solids are removed . By contrast, the usual treatment for a municipa l
water supply involves flocculation and filtration to remove turbidity, but doe s
not involve dechlorination . In sum, the water treatment plant for the Weyerhaeuser facility is comparable in size and complexity to a municipal water pre treatment plant for a small city, though it involves somewhat different processes .
Post-treatment of water used by this hatchery simply involves eliminating settleable solids . Waste water from the facility is passed into settlin g
ponds and then released into the river . At the present time there is n o
additional effort-to eliminate BOD, ammonia, or any other constituents . Thi s
post-treatment is evidently sufficient to meet DEQ requirements . Weyerhaeuse r
apparently feels that post-treatment won't be a problem in the future either .
Though EPA requirements for water quality will be more stringent by 1984, th e
quality of water released from the Springfield hatchery is well within anticipated limits .
Weyerhaeuser hopes to reach a rate of production three or four time s
as great as what is now being produced withing the next few years, something o n
the order of 60 to 80 million fish per year . But again, evidently, they are no t
anticipating any problems with waste treatment . This is fortunate for Weyerhaeuser because one critical factor in aquaculture can be the high cost of post treatment if and when it is required . Post treatment of aquacultural facilit y
waste water involves treating enormous volumes of water containing low concentrations of pollutants . If the processing of this water involves more than settlin g
out of sediments, it can become prohibitively expensive .
Energy use for aquacultural operations is also a potentially importan t
consideration . Heating the water will increase the rate of growth of fish, whic h
has the effect of increasing the production capacity of an operation . However ,
it is not essential . The hatcheries operated by the State of Oregon do not hea t
water . However Weyerhaeuser has access to waste heat from a pulp mill in Spring field, and uses it to heat the water used in the hatchery . (The Springfiel d
hatchery was in fact developed for that purpose .
This has the effect of increasing the capacity of the hatchery thre e
or four fold . Chinook salmon, for example, are ready for release about one yea r
earlier than would otherwise be the case . On the whole, Weyerhaeuser expects t o
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release fish in about 6 months (on the average) rather than 18 months . Thi s
fast growth accounts for 78% of the Springfield capacity . Table 3 presents a
rough comparison of production capacities at two state run hatcheries (unheate d
water) and the Weyerhaeuser facility (heated) . This heating of water might wel l
be the major cost of Weyerhaeuser's operation if the company had to pay for th e
energy . The question of energy use in a salmon hatchery is intriguing from a n
engineering point of view .
There are a variety of ways energy can be extracted from the environment (e .g . insulated solar ponds containing a stratified saline solution) . Ther e
are ways a hatchery operation could be designed to minimize loss of heat as well .
The question of the economic tradeoff between production capacity and cost o f
heat is also intriguing . Analysis of this tradeoff will require a linked mode l
of growth rate and the physical system that produces or conserves the heat .
In considering the'pumping, treating and heating of water, it is important to keep in mind that there must be a degree of redundancy in thes e
systems . Failure of the dechlorination system for example could be fatal t o
the fish . The economic tradeoff between reliability and redundancy must there fore be considered in designing the system .
When one examines the details of the design and operations of the
hatchery some additional features emerge which are interesting from an engineerin g
viewpoint . One of these is design of the raceways . The current procedures fo r
design of ponds and raceways for salmon are primitive . These procedures ar e
based on the "volume of water" required per pound of fish and the number o f
changes of water each day . But this does not account for the shape of the race way, the pattern of movement of water, etc . A very long raceway may have a hig h
volume of water, but the fish may bunch up at one end, which perhaps might alte r
the relationship upon which the design was based .
Another consideration is that these design procedures are aimed a t
maximizing the growth rate of fish, rather than maximizing the economic return s
on the investment . Cleaning of the raceways is another interesting item .
Currently Weyerhaeuser cleans these raceways about once a week with brooms an d
shovels . Weyerhaeuser has contracted with FMC for machines which will move o n
tracks along the raceway and sweep them clean automatically . Ultimately i t
would be an interesting problem for an engineer to design a raceway that i s
self-cleaning .
Another operational problem that might be of interest to an enginee r
is handling of fish . Fish are physically removed from the raceways for vaccination and for tagging, and in various other ways they're manipulated for sortin g
purposes . All of these things have a stressful effect on the fish . It shoul d
be possible to design hardware which would accomplish these various operation s
with less handling and therefore less stress on the fish .
Disease is a major consideration in salmon hatchery operations, particularly vibrio auguilarium and BKD . This is regarded by some as the principa l
problem in culture of salmon . Broadly speaking, the incidence of disease ca n
be linked to stress and crowding . Vibrio auguillarium is a stress disease, an d
the obvious sources of stress are nutrition, crowding, water quality, oxyge n
levels and handling . The density of fish populations in a raceway, the surface s
of the raceway, the competition among fish for feeding when food is delivered t o
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the raceway, and other factors such as these, can influence the health of th e
fish . Imaginative design of raceways could alleviate some of these problems .
Grading (sorting of fish) in a salmon hatchery is an important operation because it is necessary to separate certain categories of fish at variou s
stages of development . For example, salmon fingerlings are vaccinated in batches ,
but vaccination will be ineffective until the salmon reach a certain size . Unfortunately, salmon don't grow uniformly ; there tends to be a distribution o f
sizes as they grow . Hence, it is desirable to separate out the fish which ar e
ready for vaccination, in order to avoid stressing the others unnecessarily .
Again, this represents an area in which engineers might be able to contribut e
through imaginative designs .
Some of the most interesting engineering problems are not in the are a
of design, but rather, in the domain of systems analysis . One of the more intriguing of these is optimization of hatchery operations . At the present time ,
the Weyerhaeuser operation in Springfield is in an early developmental phase o f
operation and is operating well below design capacity .
When Oregon Aquafoods begins to approach peak production it will b e
necessary to optimize the allocation of hatchery resources, such as racewa y
space, heating, food and labor, for maximum profit or minimum cost . The implications of this goal are indicated by Table 3 . Whereas the state hatcherie s
are generally rearing less than 10 fish per ft 3 of raceway space per year ,
Weyerhaeuser would like to get up to 150 fish . A parallel problem will be optimizing the aggregation of fish .
The Weyerhaeuser facility is designed for an "average fish", growin g
at an average rate, with average incidence of disease, and so on . It may eventually be desirable to reorganize the operation to optimize for a nonunifor m
population of fish . As an illustration of the optimization problem, consider th e
way it is being done at Springfield . The raceways are divided among fish roughl y
as follows . A certain number of raceways are used for hatching eggs . Once th e
eggs are hatched, heat is applied to some of the raceways to expedite growt h
rate . The remaining raceways are kept cold to inhibit growth rates .
Thus the fry, once they're hatched, fall into two groups, a fas t
growing group and a slow growing group . As the fast growing group mature an d
need more space they are moved into additional raceways . The slow growing grou p
is maintained in it's original raceway, in a holding pattern so to speak . The
fast growing group reaches a point at which they are taken from the hatchery t o
the coast and released . The slow group is then allowed to move into the spac e
left by the faster growing group and their growth is accelerated . This operation involves allocation of the space in the raceways and staging of the development of the fish . Weyerhaeuser must decide how much space to allocate to eac h
of the groups, what proportion of fish should be in each of the groups, how muc h
heat to apply to accelerate, growth, how big the fish should be when released ,
what rate of feeding to use, etc .
2.
Release - When the salmon fry reach a size at which they are capable o f
surviving in the ocean they are released . However, the question of exactl y
what size is appropriate and when and how to release them is a difficult one .
Survival rates of salmon after they are released into the open ocean are extremely variable . This can be illustrated by Table 4, which shows rates o f
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TABLE 4
RETURNS OF SPRING CHINOOK SALMON (Z )
YEAR

UMPQUA RIVER

1958
1959
1960
1961
1962
1963
1964

1 .72
1 .6 9
3 .3 8
2 .80
0 .4 4
1 .07
2 .2 6
1 .3 6
9 .44
6 .07
4 .98
1 .99
3 .34

1965
1966
1967
1968
1969

ROGUE RIVE R

2 .03
1 .8 6
1 .11
1 .94
2 .09

1971 RETURNS AT THREE HATCHERIES
ROGUE RIVER
UMPQUA RIVER
WILLAMETTE RIVER
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1 .11
4 .98
0 .26
0 .71
0 .79
1,91

7
%
%
%
Z
7

return of salmon to various state hatcheries for various years . The variability
of returns to a given hatchery is enormous, as indicated by the returns to th e
Umpqua River .
The returns can also be quite variable at different locations, as show n
for the three sites ; and even for a single location when releases occur at different times during the year, as indicated for the Willamette River in 1971 .
A
large proportion of losses occur just after release . Since the salmon ranche r
can control the timing of releases, it may be within his power to reduce thos e
losses . When you look at these figures on the percentages of returns it appear s
that the potential for improvement is enormous . Probably less than two percen t
of the fish released are going to be recaptured by the organization that release d
them . A one or two percent reduction in losses would mean perhaps a 100% increas e
in the number of salmon actually harvested by the release agency .
In the vernacular of the investment industry, there is a great dea l
of leverage here . To improve the survival rate of newly released fish one migh t
attempt to optimize such things as the time of year they're released, the time o f
day they're released, tide conditions, turbidity, salinity, weather, perhaps th e
presence of particular predators in the estuaries and so on . As an example ,
Weyerhaeuser has tried releasing smolts at night to avoid predatory birds . I t
is not now clear to what extent these various factors might influence surviva l
rates . There is a definite lack of data in this regard .
Perhaps the paramount question is determining survival rates as a
function of release size . It may be that it would pay to hold the smolts tw o
or three months longer than would normally be done, in order to increase thei r
survival rate . The problem of deciding when to release them is complicated by
the fact that smolt production at the hatchery continues regardless of wha t
decision is made . In other words, the ranching organization has only limite d
control over how many fish are to be released at any time . They can't releas e
more than they have, of course, but at the same time they can't really withhol d
fish for very long because of the numbers coming up to release size at th e
hatcheries . There may be only limited space in which to hold the fish as the y
mature .
The research needs of the salmon ranching industry pertaining to re lease of salmon have implications for engineering systems analysis . Some sor t
of decision model of the entire system is needed which can account for all th e
controllable variables, such as hatchery residence time, growth rate and releas e
size . It should also account for the uncertainty in the returns of salmon sinc e
that uncertainty is so great that it can affect the performance of the system .
A large amount of data required for such a decision model is not no w
available . In evaluating release strategies one must also consider holding pond s
at the coast where fish are acclimated to the estuarine environment . The variou s
problems associated with raceway maintenance and care of the fish at hatcherie s
will also be a problem in the holding ponds at the coast .
3.
Recapture and Breeding - Adult fish return to the point of release in fro m
one and one-half to four years . A number of problems face the salmon ranchin g
company at this point . In the first place the fish must be trapped . This involves some sort of ladder or snare which can trap the fish without interferin g
with flows or traffic in the estuary . Once captured, a certain number of fis h
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must be selected for breeding to provide eggs for the hatchery for the comin g
year . The various species of fish must be sorted (if the company released mor e
than one type of fish) . The brood fish must be sorted in some ratio of males t o
females . The fish selected must be mature and healthy . The recapture and sorting facility must be capable of handling tens of thousands of fish per day .
If the production rates that Weyerhaeuser is anticipating are eve r
reached, it is entirely possible that there will be days when 50 to 80 thousan d
fish will be returning to the two release sites . There is also a question of ho w
the returning fish are killed . A number of different ways have been tried, suc h
as C02 injection into the water and electrocution . The current thinking, apparently, is that the best way to do it is to simply lift them out of the water .
(That is the way it's done in conventional harvesting from the open ocean . )
Another problem associated with the recapture facility is the holding of broo d
fish .
Two problems must be considered here : first is the need to minimiz e
stress on the brood fish, for reasons of health and survival . Thus, it will b e
necessary to design holding ponds to keep stress to a minimum . Water treatmen t
might also improve the condition of these fish . The other problem associate d
with holding the brood fish is that they evidently cannot be held in saltwate r
indefinitely . They must be acclimated to fresh water to get maximum egg production .
This means that the holding facility at the coast for the returnin g
fish should have some fresh water supply, or else they must be trucked back t o
the hatchery . In the latter case the hatchery must sacrifice some of the race way space which was designed for growing smolts, which of course reduces the
production capacity of the hatchery .
Finally, brood fish must be separated into male and female groups t o
avoid spawning in the holding ponds . It is necessary to hold the females unti l
they are ripe since there is evidence that eggs taken from an underripe or over ripe female will not survive as well . This presents a problem : how do you decid e
when they are ripe . The state is using a dropback system to take advantage o f
the tendency of ripe females to move downstream when they cannot move farthe r
upstream .
But, consider the numbers involved here . To release 80 million smolt s
requires 100 million eggs . At 2000 eggs per female that means 50,000 females t o
be spawned in 30 days . That is a lot of females to monitor . In addition, th e
eggs must be taken by hand and, to maintain genetic variability, the eggs of eac h
female must be fertilized by three or four males . All told then, if Weyerhaeuse r
is to provide all its own eggs it must separate perhaps 100,000 fish into male s
and females, monitor the state of readiness of the females, and harvest an d
fertilize the eggs when ready . To complicate matters, the handling of egg s
must be done in a clean environment since they are quite susceptible to disease .
Once the eggs are taken they must be monitored to detect dead eggs, since thes e
can infect other eggs .
4.
Processing - The first salmon canneries
One might be inclined to think that in that
the canning industry would have advanced to
is not the case . The heydey of the canning

were built over a hundred years ago .
period of time the technology o f
a fairly modern level . However, tha t
industry occurred during World War I .

52

1

Since then some degree of modernization has taken place, but further developmen t
of technical improvements in the salmon canning industry have been arrested by
three factors . First, is the fact that the volume of production has bee n
declining ever since the peak of the i910's . This forced a consolidation of th e
industry, with progressive closing of some of the canneries .
Those that have survived have become more efficient perhaps, but th e
shortness of the salmon season has made it economically infeasible to invest hig h
amounts of capital in the canning operation . This is the second factor . It i s
more economical to use large quantities of labor for a short season than t o
invest in hardware . The third factor in the stagnation of the canning industr y
is the fact that there has not traditionally been any off-season use of th e
canneries because the processes involved in canning salmon are somewhat uniqu e
to salmon . The various things that would stimulate the modernization of th e
salmon canning industry would be increased catches, a more even distributio n
of catches over the year, and development of off season uses for the canneries .
Apparently some off-season use of canneries in Alaska and elsewhere
has begun to develop, and this seems to be a promising area of research . Modernization of salmon canneries may be an area of opportunity for engineers . Some
possibilities for improved processing operations have been identified . Thes e
involve essentially all of the steps in processing the salmon, including dissection, separation, processing of by-products, waste treatment and quality control . Quality control requires maintaining the quality of the fish preserved fo r
sale either as fresh, frozen or canned salmon . A high speed process for quic k
freezing of salmon evidently would serve to preserve flavor of the fresh froze n
salmon better, provided also that a procedure for thawing the salmon is developed .
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Presented May 3, 1979 by LEO RAY, President, Fish Breeders of Idaho, Buhl, Idaho .
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ABSTRAC T
Fish Breeders have been raising Channel Catfish, Ictalurus puntatus ,
in geothermal facilities for six years . The product produced is superior to
other catfish on the market .
Concrete facilities and 6,000 gallons per minute of water allow densities of five to ten pounds per cubic foot of space and 10,000 pounds per secon d
foot of water . Oxygen and ammonia are the principal factors limiting production .
Disease is related to these factors .
Identifying the resource, facility design, financing, construction ,
production, processing, marketing and distribution are the main problem area s
preventing expansion of geothermal fish farming .
INTRODUCTIO N
Fish Breeders of Idaho, Inc . has been raising channel catfish (Ictalurus puntatus in high density concrete raceways for six years . The water i s
supplied by artesian geothermal wells . The total flow is 6,000 gpm at 90°F .
Cold water from springs and streams is used to cool the hot water to 80°F . t o
85°F ., the ideal production temperature .
The quality of channel catfish produced in the clean water is fa r
superior to any other catfish on the market . A fish is like a sponge ; it taste s
like the water in which it is raised . The geothermal water produces a qualit y
that has allowed Fish Breeders to introduce catfish into the gourmet market s
and obtain high prices for catfish .

FACILITIE S
Fish Breeders is located in the Snake River Canyon near Buhl, Idaho .
The elevation is 3,000 feet . Yearly temperatures are from -10°F . to 105°F .
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Ambient water temperature seldom exceeds 75°F . The climate is too cold and the
growing season too short to grow catfish commercially without hot water, Geothermal water changes a non-commercial area to a 365 day optimum growing season ,
The fish farm is located on a hill . Approximately 80. feet of elev a
tion is used in the farm . This is very important in aerating and reusing water ,
The production facilities are concrete . Each section is 24 feet long ,
10 feet wide and 4 feet deep . The space utilized by the fish is 770 cu . feet .
The sections are arranged four in a series with a 2 foot drop between each section . The raceways are in pairs with a common center wall . The water passe s
through four sets of raceways, each raceway having four sections ( ;16 sectio n
total), from the top of the hill to the bottom . The upper end of the farm i s
used for catfish production . The lower end of the farm is used for Tilapia production .
WATER SUPPL Y
Four artesian geothermal wells supply 6,000 gpm of 90°F . water . Thi s
water is mixed with cold water that varies from 32°F . to 74°F . to obtain a temperature of 80 to 85°F . The geothermal water is used directly . No heat exchanger s
are utilized . The wells were all drilled by Fish Breeders and are approximatel y
700 feet deep . The water flows through each raceway at 1,500 to 2,000 gpm .
STOCKING RAT E
There are two densities to consider in producing catfish ; pounds pe r
cubic foot of space and pounds per second foot of water . Both are interrelated ,
but the degree of interrelationship is unknown . They will be considered separatel y
in this report . The pounds per cubic foot of space is primarily limited by socia l
factors . The pounds per second foot of water is primarily limited by water quality .
Channel catfish are social animals . In their natural environment they
tend to congregate in groups . Eggs are laid in a mass . Sac fry congregate afte r
hatching . Fingerlings, and even adults, spend much of their time in schools .
They do not establish individual territories like shrimp or lobster . This i s
one major factor that makes them ideal for high density production . Channe l
catfish do establish a social pecking order . Stocking at high densities appear s
to interfere with this pecking order and reduces fighting .
Normal stocking densities are from 5 to 10 pounds of fish per cubi c
foot of space . Lower densities are used for small fish . Densities up to 2 0
pounds per cubic foot of space have been tested, but at this time are no t
recommended for commercial production . The pounds of fish that can be produce d
per second foot of flowing water is limited by water quality . Water analysi s
of the same water leving the raceway, tells what the fish have put in the wate r
and what the fish have taken out of the water . The factors of greatest importanc e
are the oxygen removed and the carbon dioxide and ammonia added .
Oxygen removed is the first factor that limits production ; however ,
oxygen is easily replaced by running water over waterfalls . At the same tim e
oxygen is replaced, carbon dioxide is removed . Theoretically, oxygen can continuously be replaced and most of the carbon dioxide removed by a chain o f
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waterfalls . A two-foot drop will replace approximately 50% of the oxygen removed .
There are ways of increasing the breakup and aeration of the water to achiev e
saturation in a two-foot drop ; however, this is usually not done .
Ammonia is not easily removed by waterfalls and will continue t o
accumulate until it becomes the principal limiting factor in raceway production .
The ammonia can be in ionic state or a gaseous state . The gaseous state is ver y
toxic to fish and can be partially aerated out of the water . The ionic state i s
less toxic, remains in the water and changes to nitrates . The amount of ammoni a
that will be in the gaseous state is related to pH, temperature and water chem istry . The amount of ammonia that fish can tolerate is dependent on these sam e
factors, plus the oxygen and carbon dioxide levels . The higher the oxygen level ,
the more ammonia fish can tolerate . The level of ammonia that fish can tolerat e
is between .5 ppm and 2 . ppm .
The amounts of oxygen removed, carbon dioxide produced, and ammoni a
produced are dependent on the amount of food fed in the raceway, not the amoun t
of fish in the raceway . 5,000 pounds of fish could be fed 1% body weight (5 0
pounds of feed), and the ammonia, carbon dioxide and oxygen levels would b e
basically the same as if 2,500 pounds of fish were fed 2% body weight (50 pounds) .
The limiting factor is the amount of feed that can be fed per second foot of water ,
and the amount of fish that can be stocked is dependent on the percent body weigh t
that is fed .
Oxygen required to metabolize 50 pounds of feed is approximately 2 pp m
from one second foot of water . In a raceway with four sections and one secon d
foot of water, the water will be aerated three times, once between each section .
Fifty pounds of feed can be fed in each section . This gives a total of 200 pound s
of feed that can be fed in the entire raceway . Assuming 50% reoxygenation an d
saturation of 8 ppm, the oxygen at discharge would be 3 ppm . This is an absolut e
minimum level for production . A total of 8 ppm oxygen would be utilized i n
metabolizing the 200 pounds of feed .
Approximate .2 ppm ammonia would be deposited in one second foot o f
water from metabolism of 50 pounds of feed . Feeding 200 pounds of feed in on e
second foot of water, the ammonia in the discharge would be .8 ppm .
Maximum recommended inventory for commercial production of channe l
catfish on water at Fish Breeders is about 10,000 to 15,000 pounds per secon d
foot of water . Yearly production will usually be three to four times the carrying capacity .
Disease is usually a major concern in fish production . It should no t
be . 99% of all diseases are secondary expressions of poor water quality, poo r
feed quality and poor management (the human element) . If good water quality i s
maintained, good feed is used and labor handles fish properly, disease shoul d
not be a problem .
In order for a commercial hatchery to obtain maximum profit, productio n
must be pressed to the limit . This means carrying inventory will be increase d
to the point disease will develop because of overloading . It is management' s
job to balance carrying capacity to water quality and stay below the point wher e
disease is a problem .
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Here aie summarized the problems expected in starting a geothermal fish farm .
These factors have prevented a faster growth rate in geothermal fish farming .
Identifying the Resource . The extent of most geothermal sites considered for fish production have not been identified . Surface springs show a
potential but do not tell the complete story . Wells must be drilled before th e
volume, temperature and water chemistry is determinable . These must be know n
before a production potential can be analyzed . Considerable money must be spen t
before a decision can be made recommending a site for geothermal fish farming .
The person with a geothermal resource must first identify that resource, an d
then see if it is suitable for fish production .
Facility Design . People interested in building fish farms usuall y
examine government hatcheries for models to copy . This is a poor place to stud y
a good design . Poorly designed commercial fish farms continue to operate in definitely, consuming tax dollars .
An engineer's dream is too often a fish culturist's nightmare . Th e
KISS rule is the only rule to follow . KEEP IT SIMPLE STUPID . There has bee n
little communication between fish culturists and engineers . This lack of communication has resulted in a situation where there are few, if any, engineer s
who understand the management of fish culture well enough to design a commercia l
fish farm . I cannot recall a commercially viable fish farm that was designed b y
an engineer . The entire industry has been designed and built by the fish farmer s
themselves . This does not mean there is not room in the design work for engineers .
It means engineers are not in tune with the problems of fish culture and, there fore, behind the times .
Financing .
Financing is difficult . Geothermal is considered hig h
risk . Fish farming is considered high risk, and high density production even a
higher risk . Capital expenditure is high, operating expenses are even higher .
An executive of a large company looking at fish farming said they consider som e
businesses as cash generating and others as cash consuming . They considered fis h
farming as cash consuming . It is a good description of fish farming .
Contrary to common opinion, most fish farms that have gone broke di d
not do so because of underfinancing . Those started underfinanced have had a hig h
success ration, while those adequately financed "spent it like they had it" an d
went broke . Too many mistakes were made too fast, and the investors ended u p
very disenchanted . Bankruptcy followed because of a lack of willingness, no t
ability, to refinance and do what was necessary to succeed .
Construction .
If engineering follows the KISS rule, construction i s
simple . There is no substitute for good facilities . Concrete is usually best .
The facilities will probably be the first fish farm the contractor has ever built .
Production .
Trying to achieve more production than the water qualit y
will allow causes most production problems . If the rules laid down earlier i n
this paper are followed, production should not be a problem . Keep good wate r
quality, good feed quality and keep labor stress down .
Experienced personnel are not available . Personnel must be trained .
There are many degree students graduating, but most do not have any experience .
They need experience if they are being hired to run a new farm .
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Processing . A processing plant will not be available in most situaVery little machinery
tions . A producer will need to build a processing plant .
is available for processing . Most of the labor is hand labor .
:.

Marketing .

No money is made raising fish until the fish are sold .

A common misconception is there is an unlimited market for fish pro ducts such as channel catfish . The truth is, there is an unlimited potentia l
market for channel catfish and other good fish . The potentialis unlimited .
The existing market is full . There is no room for additional production withou t
additional marketing . Markets must be developed, and they cannot be develope d
without fish . The fish must be raised before the market can be developed .
There were approximately 150,000,000 pounds of catfish sold in th e
U .S . in 1978 . This production breaks down as follows : Brazilian import s
30,000,000 pounds ; wild catfish harvest commercially in the U .S ., 30,000,000 ;
channel catfish raised on farms, mainly in Mississippi and Arkansas, 90,000,000 ;
and 500,000 pounds raised in high density geothermal facilities . These catfis h
figures are listed in order according to quality and price, with the poores t
quality listed first . There is a considerable difference in quality of produc t
and price . The Brazilian fish sell as low as 60 cents per pound, and the geothermal produced fish sell for $2 .85 per pound, wholesale . In catfish, as i n
any other product, one gets what he pays for .
Distribution . Most geothermal resources are not near large marke t
areas for fish . Distribution can be a major problem . The easiest market t o
develop is the fresh market . This complicates distribution, for the fresh market delivery must be available on a dependable weekly basis . In Idaho, Fis h
Breeders are in a good distribution area because of the 25,000,000 pounds o f
trout raised within 15 miles of the farm . Each production and market situatio n
will have to be viewed individually to solve the distribution problem .
These are the main problems in establishing a geothermal fish farm .
No phase can be left out . A project will need to master each phase to b e
successful .

IN SUMMARY
If you want to raise fish to get rich, you will probably go broke .
If you want to raise fish because you like the challenge of fish culture, yo u
will probably get rich . The best advice is to start small and grow slow .
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Presented May 10, 1979 by WILLIAM HEAD, Amity Foundation, Springfield, Oregon .
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ABSTRAC T
A 350 square foot solar greenhouse has been built in Eugene, Oregon t o
test two methods of growing fish in the water heat storage tanks . The fish ar e
raised in two 1700-gallon concrete tanks and the water is kept healthy by windmil l
aeration and biological filtration . One tank uses a trickling filter and th e
other an air-lift filter .
From June 1978 to July 1979, the average monthly water temperature i n
the tanks ranged from a high of 84°F to a low of 67°F . The average monthl y
greenhouse air temperature ranged from a high of 89°F to a low of 72°F .
Mirror carp and two species of tilapia were raised . Each tank wa s
harvested seven times for a total yield of 167 lbs ., 9 oz . Twenty five percen t
more pounds of fish have been harvested from the trickling filter tank than th e
air-lift tank .
INTRODUCTIO N
The need to provide low-cost, high protein food will surely increas e
with population growth, and higher energy costs . People are responding by growin g
more of their own food on spaces ranging from the small backyard garden to neighborhood or community farms . Gardening has produced a resurgence of interest i n
greenhouses, and, more recently, in solar greenhouses, to boost productivity an d
extend the growing season .
But what is a "solar" greenhouse? Three design features distinguis h
a solar greenhouse from a conventional all glass or plastic greenhouse :
• The glazed surface faces south to capture the low angle winter sun .
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•

Areas not receiving direct winter sun, such as the north wall an d
roof, are solid and well insulated to minimize heat loss .

•

Excess solar energy is stored in massive objects like rock, earth ,
and water . This stored heat is later released to the greenhouse a t
night and during cloudy periods .

A conventional greenhouse does not have a way of naturally storin g
solar energy and requires electricity, gas, or oil for supplemental heating t o
prevent wide and sudden temperature fluctuations . Ideally, a solar greenhous e
needs nothing other than the sun for heat and light .
So where do fish fit into the picture? It turns out that water wil l
store more heat in less space than any other common heat storage material, bu t
the volume needed to moderate temperatures still requires a lot of space in a
greenhouse . Instead of using the water just for heat storage, why not use it t o
produce a crop as well, along with the rest of the greenhouse space? Why no t
raise fish and further reduce the food bill .
Raising fish is a highly energy efficient way to produce protein . I n
a well-managed aquaculture system, fish will produce more protein per pound o f
feed than land animals (Mendola, 1974) . Other groups such as New Alchemy, Th e
Foundation for Self-Sufficiency, and Ecotope Group are raising fish in sola r
greenhouses with limited success (Zweig, 1979 : Welsh, 1977 ; Brown et al . 1979) .
The major problems have been producing edible sized fish and harvesting enoug h
to make it worthwhile . These problems are related to species selection, wate r
quality, temperature, and feed . There is still a lot of work needed in thes e
areas before greenhouse aquaculture becomes productive .
The Amity Fish House was designed to look at different ways of growin g
fish in a solar greenhouse . Construction began in early March 1978 and wa s
completed in mid-May 1978 . Following is a description and performance record o f
the greenhouse and fish culture systems . A more detailed description can b e
found in Head and Splane, 1979 .
THE AMITY FISH HOUS E
Specifications :
Location :

Eugene, Orego n

Orientation :

21 degrees west of true sout h

Glazing Angle :

60 degree s

Backwall Angle : 52 degree s
Floor Area :

350 square feet .
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Plan View of Fish Hous e

Foundation and Fish Tank s
The foundation is of standard floating slab-on-grade construction .
Concrete walls were poured directly on the slab floor to form the fish tanks ,
filter bed and office space .
When pouring was complete, we had two fish tanks measuring 5 feet wid e
by 18 feet long . Each tank has a 1700 gallon capacity . The floor of each tan k
was poured to slope from 27 inches deep at the shallow end to 39 inches at th e
deep end . The slope was designed to allow particles in the water to collect nea r
the drain at the deep end of the tanks .
Framing
Standard wood framing techniques were used . The south facing Cglazed )
side was framed with 2 x 4 inch Douglas fir studs spaced 24 inches on center .
We used 2 x 6 inch stud framing for the north wall and the end walls to accomodate the insulation .
Insulation
The north, east, and west walls received two layers of rigid polyurethane insulation (R-7 per layer) plus 3 1/2 inches of fiberglass insulatio n
(R-11) for a total R-value of 25 . The concrete walls of the fish tanks wer e
insulated on the outside with three layers of R-7 polyurethane insulation . I n
addition, earth removed in the process of excavating for the foundation wa s
backfilled against the walls once the polyurethane was in place to further reduc e
heat loss .
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Galvanized flashin g
Roofing and felt
Polyurethane insulatio n
1/2" plywoo d
2x6 stud an d
Fiberglass insulatio n
Tempered masonite
Reflecting foi l

Figure 2 .

Cross Section of Fish Hous e
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Sheathing
The outside of the Fish House was sheathed with recycled 4' x 8' x 1/2 "
CDX plywood . Over this was placed asphalt felt, then 90 lb . roll roofing . The
roof peak was covered with galvanized flashing .
The inside walls were covered with 5/32-inch tempered masonite . The
masonite was then covered with construction grade paperbacked reflective foil .
Contact cement was used to glue the foil to the masonite . The smooth, shin y
surface of the foil reflects sunlight into the water tanks and also provides a
necessary vapor barrier to separate the moist inside air from the wood framin g
members . (Figure 2) .
Glazing
The south face was double glazed with four foot wide reinforced green house fiberglass on the outside and four mill clear polyethelene on the inside .
The fiberglass allows 80-90 percent of the sunlight to pass through and has a
life expectancy of 20-30 years .
Insulating/Reflecting Panel s
The six panels are constructed of rigid styrofoam (10' x 4' x 1 1/2" )
fitted to a 1 x 2 inch wooden frame . The frames are fastened to the bottom edg e
of the glazed wall by two hinges . The panels are easily lowered and raised by
one person, and when closed, they fit snugly into a 2 x 2 inch wooden fram e
attached to the greenhouse (Figure 3) . An overhang with weatherstripping run s
the length of each panel to seal out the wind . During the winter, when the su n
is out, the panels are opened and laid on the ground to reflect light into th e
greenhouse . During the summer, the panels are used as shades to help contro l
overheating .

Figure 3 .

Insulating/Reflecting Panel s
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TEMPERATURE MONITORIN G
A solar greenhouse must not only be a good collector of the sun' s
energy but must also be able to store this energy in the form of heat . Thi s
stored heat can then be used to moderate temperature fluctuations .
To follow the performance of the Fish House, temperatures are closel y
monitored . Thermometers are located six inches below the water. in the two tank s
and in a 2000 gallon outdoor pool . Temperature readings are taken twice daily ,
once in the morning and once in the late afternoon . Air temperatures are take n
using maximum-minimum thermometers which record overnight lows, daytime highs ,
and current temperature .
Water Temperature s
The Fish House tanks responded slowly to outside air temperature
changes . Even when the daily ouside air flucturated by as much as 30°F the in side water would change only a few degrees .
The average monthly water temperatures in the tanks have ranged fro m
a low of 67°F in the winter to a high of 83°F in spring and summer (Table 11 .
During January, our coldest month, the inside water temperature averaged 35° F
warmer than water in an outdoor 2000 gallon pool (Table 2) .

Air Temperature s
Average monthly air temperatures inside the Fish House have alway s
been greater than the average outside air temperatures, particularly from earl y
October through February when the Fish House averaged 30°F warmer than th e
outside . The average monthly greenhouse air temperature ranged from a high o f
89°F to a low of 72°F (Table 3) .
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FISH HOUSE FILTERS
In order for the water in a solar greenhouse to serve as heat storag e
it cannot be continually replaced with cold, fresh water . When fish are put int o
the water they will consume oxygen through respiration and produce toxic ammoni a
as a waste product . Something has to be done to replenish the oxygen and remov e
fish wastes in this "closed system" . Biological filtration is a common way o f
accomplishing this .
A biological filter is a collection of bacteria and other minut e
organisms that "eat" the organic and inorganic compounds that are dissolved in th e
water (Spotte, 1970) . Most important are the nitrifying bacteria that conver t
toxic ammonia to harmless nitrate . The nitrifying bacteria live attached t o
surfaces and one role of biological filter is to provide lots of surface area fo r
those bacteria to colonize . A properly designed filter will also add oxygen t o
the water and take out ammonia .
The Trickling Filte r
The north tank of the Fish House uses two trickling filters to recondition the water . The filters are designed to meet the requirements for oxygenation, nitrification, and particle removal .
The filter shell is two 55-gallon drums welded together . The filte r
medium is a stack of pallets constructed of wooden lath fixed to supporting rails .
The bottom pallet sits on pieces of angle iron welded to the inside of the dru m
12 inches from the bottom . This 12-inch "void" area is below the outflow an d
serves as a sediment trap to collect detritus (uneaten food, waste products, an d
other particles) . This organic rich material is drained about every two week s
and used to fertilize the garden (Figure 4) .
Oyster shells in a plastic net above the lath pallets provide a sourc e
of calcium carbonate buffer and help disperse the water evenly over the pallets .
The pallets provide plenty of surface for nitrifying bacteria, and the spacin g
of the lath prevents clogging . As water splashes over the pallets, it is broke n
into fine droplets and becomes well oxygenated . This is similar to the splashin g
action of a waterfall .
A 1/12th horsepower submersible pump, which uses 200 watts of electricity per hour, is used to circulate the water . It is located opposite the filte r
at the deeper end of the tank . Water is pumped to the filters through a 3/4-inc h
plastic pipe at the rate of 10 gallons per minute (Figure 5) .
The Airlift Filte r
The south tank of the Fish House has a biological filter that use s
an airlift pump to circulate water through a submerged gravel bed . The filte r
bed is in a shallow concrete pool adjoining the tank, separated by a concret e
wall . Air is provided by a 1/8th horsepower diaphragm air compressor whic h
consumes 220 watts of electricity per hour . Air is fed to lift columns throug h
garden hoses attached to diffusers . The diffusers are made of 1/2-inch PV C
plastic pipe clamped to a porous vinyl foam garden hose (Figure 6) .
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Figure 4 .

Trickling Filter Detai l
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DRAIN OUTFLOW FILTER TOWERS
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Figure 5 .

Trickling Filter"System

Figure 6 .

Air Diffuse r
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INFLOW WATE R
PUMPED TO FILTE R
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The diffuser in the column in the tank creates a current that pull s
water from the deep end into a 3-inch ABS flexible plastic line . The. water flow s
into a polyester resin treated wood box, and up through a horizontal troug h
between the tank and the filter bed .
Water then flows into the filter bed and is pulled down through 5-inche s
of a mixture of 95 percent 1/4- to 3/4-inch pumice into 5 percent crushed oyste r
shell . The water is pulled by a current created by the air-lift return pump i n
the filter bed . The purified water flows through slotted corrugated fiberglas s
that holds up the pumice and then back to the fish tank (Figure 7) ,
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Figure 7 .

Air-Lift Filter Detai l

Savonius Windmil l
Although the two biological filters are designed to aerate the water ,
oxygen levels have at times been dangerously low . Aeration can be stepped up by
using more powerful pumps, but electrical costs would also increase . Instead ,
we built an inexpensive windmill to supply more air to the fish . A savonius wa s
chosen because it is relatively simple to build, can be quite inexpensive, an d
rotates on a vertical axis so it can be easily coupled to turn a small ai r
compressor .
The windmill frame is made of 3-inch channel iron with welded cros s
members . The windmill blades are arranged in three tiers, each three feet hig h
and three feet in diameter . Each tier is composed of three curved blades mad e
of recycled aluminum and mounted on 1/2-inch plywood discs .
The plywood discs are mounted on a one inch vertical shaft which ride s
on three self-aligning fafnir ball bearings . A belt is connected to a 12-inc h
pulley on the windmill shaft and a small diaphragm pump mounted on the windmil l
frame . A 4 mph wind is required to get the windmill-compressor turning .
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Oxygen levels are usually high at the shallow end of the fish tank s
(next to the filter outflows) and low at the opposite, deeper end . To reduc e
this gradient, air from the windmill is supplied to the deep end of the fis h
tanks (Figure 8) .

WIND TURNS BLADES O F
WINDMILL ; WHICH ROTATE
ON A SHAFT BY BEARINGS

ELT TURNS DIAPHRAM PUM P
WHICH COMPRESSES AIR AND
IS PUMPED THROUGH PIPE INT O
THE FISH TANK

3/4 - PLASTIC PIPE

Figure 8 .

AIR DIFFUSES AT DEEP EN D
OF TANK THOUGH FOAM
SOAKER HOSE

Windmill Aeratio n

FISH PRODUCTIO N
The tanks in the Fish House are designed so fish can be harveste d
regularly without having to drain water . If most of the water had to be draine d
before a harvest, replacing it with colder, fresh water would be a problem be cause the remaining fish might not be able to survive the rapid temperature drop ,
and the cold water would render the tanks useless as heat storage units .
During a harvest the fish are crowded together by pushing a net attached to a 2 x 2 inch wooden frame from one end of the tank to the other . Fis h
are dipnetted out and the larger fish are harvested while the smaller ones ar e
returned to the tanks to put on more weight . Multiple harvests enable us t o
select edible sized fish and have fresh fish frequently . They also enable u s
to check on the health and growth of the fish .
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Mirror carp (Cyprinus carpio), Java tilapia (Tilapia mossambica), an d
Tilapia zillii were the major species cultured . These fish were chosen becaus e
of their hardiness, availability, and because they feed low on the food chai n
unlike a bass or trout . Other fish suitable for greenhouse aquaculture are
described in Head and Splane, 1979 . The two tanks in the Fish House wer e
stocked on several dates with similar numbers and weights of fish (Table 4) .
The fish were fed 2-3 percent of their body weight daily with a commercial cat fish pellet supplemented with earthworms, garden crops, and aquatic plants .
Air-Lift Filte r

Trickling Filter

FISH
Tilapia zillii
Java Tilapia
Mirror Carp
Mirror Carp

DAT E
STOCKED

5/24
6/7
8/31
10/6
Table 4 .

NUMBE R
STOCKED

58
250
10
8

AVG W T
(oz)

1
0
8
6

.9
.01
.2
.7

DAT E
STOCKED

NUMBE R
STOCKED

5/24
6/7
8/31
10/6

58
250
12
7

AVG W T
(oz )

1
0
8
6

.8
.0 1
.5
.6

Stocking of Fish House (1978 )

Each tank was harvested seven times for a total yield of 167 pound s
9 ounces (Tables 5 and 6) . About 25 percent more pounds of fish have bee n
harvested from the trickling filter tanks than the air-lift tank . The air-lif t
tank frequently had oxygen levels below 3 ppm which caused the fish to go of f
their feed (Table 7) . The lower water temperatures in this tank may have als o
contributed to the lower production .
Fish harvests were held at public workshops and the participants wer e
invited to take the fish home along with a questionaire asking about their cookin g
method, how they felt about the size, texture and flavor, whether they woul d
purchase the fish and at what price, and how frequently they ate fish .
We've learned that tilapia should be at least 5 ounces (6-7 inches )
before they are harvested . Below this weight most people felt there was no t
enough meat to make it worthwhile . Most preferred the taste of tilapia ove r
carp, and did not notice any taste difference between the two tilapias .
CONCLUSION S
1.

Fish for the table can be productively raised in the water heat storage of
solar greenhouse .

a

2.

Steps should be taken to maintain a healthy water environment not only fo r
fast fish growth but also for good flavor . We have successfully used biological filtration and windmill aeration .

3.

The fish we raise grow best when the water temperature is in the mid 80's°F .
Although fish can be grown year-round in a greenhouse, the best time to begi n
stocking is during March through May so there will be seven to nine months o f
good growing temperatures .
73

N
4.3

O N

1-

O
V1

C O
(0

N 011
- N

N

_ -

MM0

I (NI

N. •-- ? N
-

3L

00 CO

1.11 CO Lr1 0 I
U1M N I

I-

O
>

N
O

N

~' CV -I'

U1N - I

>
L
f0

r0

4-0

3 N
0
O

3-1

Vf
-

O -

N
01
O
>

¢

? V.) CO I •- 1
1
1

1
1

4 I

0 LA M N

ID N
O
I-

~%.ON--•-U1 ~O M
U1 Lf1 U1 LA VD V3

LA
I

•-- r
.) LA
N M
1
-.1' M M~ I Ll1 Lf1

N
01 O
>
¢

O
I'''s

13

a)

a)

4-3
V,
a)
O
> C
L
r0

a~

O

> C
L-

U1 O 00 Lt\ -I' M N

•- N

(0

co r` - - •-

I
I

.o en

S

L1

N
0
V)
r0
L1 _ O
0 •I-

r. -

-

N

-4co
--

4 J

M00

01 s.0~' .O -

3
N
O

3 N

-

(0 VI
.1-+
O -

Ln
a)
r
to
F- -

4 I

01
>

C

Ld

4-1

3

a)

1
1

3 N

N■ONN 01-.1' .-

)-

Vf

CO
• 1
1
111 M M 1 O1 1
~- N N N

•-

•-

a)
4.1
VI

a

0
C

N
O

4.3

M Md

1

I

3
01
>
¢

M
I

M CO

O ~I-

}.1

>
L

M 0 S

4-1

0)
V1
a)

O1~ ^^•-N M

3 N
0
CO In

I

N

I-1

-

r.7

VI
O
O •(0

C M - LA

LAN-

O N
1- O
V)
C-0

•- ~O

O1t'J 00100Lr1

L

4-1

M

.-

I
4
3
N
0) O
>

~O lr1 N O1 O 1 rd Lt1'.0 U % .O %O % O

-

-

Lr1 Lr )

h

.O

1

U's N
--

N..
COONLr1
I J •S
N M-•

a

v
a)
N
N0

a)
VI
Cl)
>
L
(0

a)
u
r0

0
C

L!1 .o Lr1 N. N LA C O
N - - - M

LA 0 CO M I 00 C O
N

> C
r0

a)
r0
0

0 .- CO N O -- U'1
N •- - CV - M

> U C I L >•• -C
O a) CO a) o_ (o
L.L. 'CC Z

O .
N•-N 0- .O
> U C .G L >- .--0 a) ro a) CI. m
ZD-)tL¢ f

1

74

L

0

Airlift Filte r
( P m)
Average
Rang e

Trickling Filter
(ppm)
Month

Average

Range

Jun

7 .4
6 .4
4 .2
4 .0

6-11
5-8
2-6
3-5 .5
4-6
3 .5-5
4-5
4-5
5-6
5-6
5-8
4 .5-8
5-8

Jul
Aug
Sep
Oct
Nov
Dec
Jan
Feb
Mar

-

Apr

1

May
Jun

4 .8

4 .0
4 .6
4 .2
5 .4
5 .3
5 .9
6 .3
6 .1

Table 7 .

7 .3
5 .1
3 .6
2 .9
2 .7
3 .4
3 .6
3 .5
5 .0
3 .1

2 .9
3 .2
2 .7

3-11
4-8
2-6

15

1-5

12

2-4
2-5
2-4 .5
3-4 .5
4-6
2 .5-3 .5
2-4
2-5
2-4

12
8
4
4
4
4
4
4

Monthly Oxygen (June 1978-June 1979 )
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No . O f
Sample s

10

18

4

4 . Much more work is needed in areas of filtration, polyculture, home grown fis h
diets, and public education on simple fish rearing methods .
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Some &Ate:am&

I would like to discuss three topics with you today :
I.
II.
III.

I.

Why the current interest in aquaculture, especially in the Unite d
States ?
Why did this interest not emerge earlier ?
There may be important differences between the economic feasibility ,
or economic success, of an aquacultural firm and the economi c
feasibility of an aquacultural industry .

WHY THE CURRENT INTEREST IN AQUACULTURE, ESPECIALLY IN THE UNITED STATES ?

Looking at this questions may give us some hints as to whether thi s
interest will be sustained . Let me offer some possible explanations which, fo r
convenience I'll group into three categories :
1)

The worldwide demand for protei n

2)

Technological chang e

3)

Strength of property right s

Demand
In the U .S . the per capita consumption of seafood has remained relativel y
constant .' However, with a growing population this means that total seafood consumption in the U .S . is, and has been, increasing . With limits on the availabl e
supplies of domestic seafood this has meant an increase in the volume of seafoo d
imported into this country . In 1950, the United States imported 25 percent of it s
total supply of fishery products (industrial and edible) . By 1978, imports ha d
~~ Although it has increased a little over the past twenty-five years .
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reached 48 percent of total supply 2 (National Marine Fisheries Service, 1978) .
The opportunity to satisfy a growing domestic demand, then, may be a facto r
stimulating interest in aquaculture .
The form in which seafood is consumed has changed recently, also . A n
increasing percentage of fish appears to be moving through the away-from-hom e
food market, especially commercial restaurants and fast-food outlets . This market generally calls for a more uniform product which can be supplied on a regula r
basis . Because aquaculture generally means more control over the timing of harvest and the characteristics of the product harvested than is possible in mos t
commercial fishing activities, this may be another important factor .
Finally, one might expect that, with rising real incomes in the U .S . ,
there has been an increased amount of leisure time . An often overlooked secto r
of aquaculture is recreational aquaculture . In 1977 there were over sevent y
licensed trout farms registered in Washington state alone . Many of these wer e
fee-fishing operations . I do not know how this compares with figures for earlie r
years ; however, recent studies have suggested a positive relationship betwee n
participation in recreational activities and income levels . (e .g ., Brown, et al .
1976)
With respect to foreign markets it is of interest to note that, a t
least for some countries and some species, there appears to be an increasin g
demand for fishery products from the United States . In part, this is the resul t
of increasing populations and real incomes . In part, it is also the result o f
declining availability of seafood from other sources . The decline in the avail ability of Atlantic salmon in Europe, for example, may have something to do wit h
the increased demand there for the Pacific species .
Other important factors in international markets include transportatio n
systems, refrigeration systems, and exchange rates . In a recent study of the demand for Pacific salmon exported to France, we found that a 10 percent increas e
in the "value" of the French franc relative to the U .S . dollar would increase pe r
capita quantities demanded, all other things constant, at given U .S . price levels ,
by approximately 4 percent . (Department of Agricultural and Resource Economics ,
Oregon State University, 1978) For some other countries the figure is probabl y
higher .
My point is that, with improved transportation facilities (air freight) ,
refrigerated transportation facilities (both for cold storage and refrigerate d
transportation systems) and exchange rates tending to encourage exports --- a t
least, in the short run --- there may be an increase abroad in the demand fo r
fishery products and this may have provided incentives to develop aquaculture .
Technological Change s
Of course it is not sufficient to say that demand increases alone ex plain the recent interest in aquaculture . It is necessary to consider deman d
relative to production costs . A strong demand for halibut, for example, may no t
increase the output of aquaculturally-produced halibut because the costs of producing halibut in a controlled environment are probably prohibitively hig h
Where "supply" refers to the sum of domestic commercial landings and imports ,
both measured on a round-weight basis .
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right now . However, technological change has closed life cycles and made avail able opportunities to raise fishery products in closed environments . Much of thi s
has come through publicly-supported research, with a substantial portion of tha t
occurring at universities . An example here is Pacific oyster seed .
Whereas Pacific coast oyster growers have, in the past, had to rely o n
imported seed or wild seed --- with both sources having a fair amount of uncertainty associated with them --- several hatcheries now exist which produce see d
in controlled environments . This is, at least in part, the result of researc h
done at OSU and elsewhere . In addition, the development of new feed, new energ y
sources (geo-thermal, solar, heated waste water), and refined rearing techniques ,
work toward reducing unit production costs . Work is going on in several quarter s
to try to close life cycles to try to bring even more fish production processe s
under control .
Here, then, may be yet another important factor accounting for recen t
interest in aquaculture : reduced production costs as a result of technologica l
change . It is probably important to point out, however, that technologica l
change carries its own set of uncertainties, such as different fish surviva l
rates associated with new techniques . Some of the work currently being under taken, both public and private, is of an experimental nature ; the longer ter m
consequences of which are unknown .
Strength of Property Right s
Most fishery products are still produced as the result of "hunting "
activities . Unlike the farmer, the commercial fisherman does not own the lan d
or water in which the product grows . Thus, he or she has little incentive t o
invest in the fishery (for example, through refraining from harvesting young fish )
because there is no guarantee that he or she will reap the benefits of thi s
investment . 3
In the case of salmon, with an increase in market demand, there ha s
not only been an increase in commercial fishing activities ; there has also bee n
increased activity to raise salmon aquaculturally . Pen-rearing activities too k
place in Puget Sound, Washington, during the 1960's . Until recently, salmo n
were being raised commercially in raceways at Newport, Oregon . Similar salmo n
farming activities have taken place in New England . I would hypothesize tha t
these events were the result of perceived opportunities to take advantage o f
increasing demand without having to rely on the uncertainties of a common-property, or open-access, fishery . The individual fish farmer had some contro l
over what he was raising, the size at which to harvest, and the timing of th e
harvest . He had a way of keeping others from "his" fish stock and, thus, a n
incentive to invest in both fish production and fish harvesting . 4
With respect to property rights issues it is important to distinguis h
between "farming" and "ranching" activities . In the case of salmon, for example ,
farming refers to raising salmon from egg to harvest under controlled conditions ;
-This is true even for osyters, as demonstrated in a study comparing practice s
on private versus public oyster grounds . (Agnello and Donnelly, 1976 )
4~In some cases this led to lower production costs . Bell (1978, Chapter 7) make s
some interesting cost comparisons between aquaculture and wild stock production .
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ranching refers to raising salmon to a size large enough for a release to th e
ocean, where they are subject to exploitation by commercial and sports fisherman .
A fundamental difference pertains to the degree of control one has over production processes . This leads to different kinds of skillsand different inpu t
demands . It may be substantially more difficult to obtain financial backing fo r
a salmon ranching venture because of the risks and uncertainties involved tha n
for a salmon farming venture . This may explain in part why we see large multi product corporations, able to draw upon earnings from other activities, participating in salmon ranching in Oregon, while relatively independent firms whic h
specialize in trout have dominated the trout industry in Idaho .
There are a number of other property right issues which could be discussed here : the role of regulatory agencies and "externality" issues, such a s
water pollution, are examples . The central point of this section is that change s
in perceived opportunities to strengthen property rights may be another facto r
explaining the recent interest in aquaculture .

II .

WHY DID AQUACULTURE NOT DEVELOP EARLIER IN THIS COUNTRY ?

Some aquacultural industries in this country have a relatively lon g
history (oysters and trout, for example) while others have only recently emerged .
Why has aquaculture a longer history abroad than in this country ?
Some of the reasons for this phenomenon can be inferred from the discussion in Section I . For example, the technology has not yet been developed t o
close the life cycles for those species demanded in this country : e .g ., halibut ,
cod . Perhaps a more accurate way to state this would be to argue that, for man y
of the more popular species here, the cost of producing in a controlled environment is higher than the cost of harvesting them through hunting activity or th e
cost of obtaining them via importation .
Some aquaculture abroad has grown in concert with agricultural growth :
e .g ., rice and carp culture . Topographical, geographical, and climatic condition s
may help account for this but it is of interest to note that irrigation system s
being used in U .S . agriculture are fostering aquaculture growth (in catfish an d
trout, for example) to take more complete advantage of the available water here .
With respect to salt water aquaculture, mariculture, there is, i n
general, an absence of strong property rights . Mariculture abroad is ofte n
undertaken by the public sector because there are few incentives for privat e
development .
One factor which may help explain the apparent early lack of interes t
in aquaculture is competing uses of factors of production . Land is an exampl e
here . In the U .S . approximately one-third of the population lives in coasta l
areas . (Bell, 1978 p . 293) Thus, aquaculture has been at a strong competitiv e
disadvantage for shoreline space vis-a-vis commercial and sport fishing, swimming ,
boating, mineral exploration, and waste disposal .
S~It should be noted that this is also true for this country : state and federa l
trout and salmon hatcheries, for example . Such programs are often overlooke d
when one assesses the state of aquaculture in the U .S .

8Q

III .

THE FIRM AND THE MARKET .

In this section I would like to distinguish between survival of a particular aquaculture venture and the survival of an industry based on aquaculture .
It is often suggested that, before a firm becomes involved in a new venture, suc h
as aquaculture, a feasibility study should be undertaken . This sounds wise .
However, in such studies, firms tend to treat certain factors as constant . Thi s
is perfectly reasonable . A single firm may feel it has no effect on prices o r
wage rates . However, these same factors may not be treated as constant by th e
market, and, thus, unexpected results may emerge . I shall look at this wit h
respect to demand, supply, and some structural characteristics of the market it self . The discussion of demand is almost identical to an earlier discussion o f
this topic . 6 (see Johnston, 1976) The example used is that of sockeye salmo n
which, to my knowledge, is not currently being produced commercially throug h
aquaculture . Nonetheless, the principles illustrated are relevant to aquaculture .
When an economist speaks of the consumer demand for a good, he (or she )
is speaking not of the sales of that good during some particular time period but ,
rather, of the relationship between the quantities of the good which a give n
population of consumers would be willing to purchase during that time period an d
prices, consumer incomes, prices of substitutes for the good, and other variable s
(for example, age distribution, racial mix) which may affect consumer decisions .
By way of illustration, suppose we were interested in the demand for canned re d
(sockeye) salmon by U .S . consumers for some particular year . Figure 1 depict s
a hypothetical relationship between prices and annual quantities demanded unde r
the assumption that, irrespective of the price of canned red salmon, the value s
of other variables, including the prices of substitute goods, do not change .
The graph in Figure 1 is to be interpreted as follows :
of salmon were $2 .00 per one pound tin, 7 consumers would purchase,
million pounds per year . If, on the other hand, the price were $2
consumers would purchase a maximum of 30 million pounds per year .
different quantities would correspond to other prices .

if the pric e
at most, 5 0
.50 per pound ,
Similarly ,

There is an alternative interpretation of this relationship : namely ,
that it shows the maximum price consumers would be willing to pay for each o f
the quantities depicted on the horizontal axis . Thus, if 30 million pound s
(625,000 standard cases) were placed on the market, and if they were sold at a
single price, $2 .50 is the highest such price at which all of the fish coul d
be sold . Alternatively, the highest price at which 50 million pounds (just ove r
one million standard cases) would clear the market is $2 .00 per can .
A useful concept related to demand is the price-elasticity of demand .
This refers to the percentage change in quantities consumers would be willing t o
purchase associated with a given percentage change in price . It is a measure o f
how sensitive consumers are to price changes . An important determinant of price elasticity is the degree of availability of close substitutes . Some commodities ,
such as margarine, beef, and Fords, have quite close substitutes . Butter is a
substitute for margarine ; other meat (e .g ., pork) and seafood products substitut e
for beef ; other makes of cars substitute for Fords . A change in the price o f
6~I would like to thank the Alaska Sea Grant Program for permission to includ e
this discussion .
7'Here I'm assuming that all sales have been converted to one pound-tall equivalents .
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margarine or of beef or of Fords, the prices of the substitutes remaining , constant, can be expected to cause quite substantial substitution --- a fall in '
price would probably lead consumers to buy more of the commodity in questio n
while a rise in price would probably lead consumers to buy more of the substitute . The demand for these commodities is probably relatively price-elastic .
Other commodities, such as salt, have few, if any, close substitutes, and a
rise in their prices would not doubt be associated with_ .a smaller fall in quan tity demanded than would be the case if close substitutes were available . The
demand for these commodities is likely to be price-inelastic .
Salmon Aquaculture and Consumer Deman d
Let us consider these concepts in the context of salmon aquaculture .
Suppose that, in the absence of salmon enhancement efforts (either public o r
private), the total annual quantity of sockeye salmon sold at retail were 3 0
million pounds . For given levels of consumer incomes, population, and prices o f
substitute goods, Figure 1 indicates that total consumer expenditures on canne d
sockeye salmon would be 30 mil x $2 .54 - $75 mil . Now suppose that, through a
salmon aquaculture program, the total pack of canned reds were increased and that ,
instead of 30 million pounds being sold, 50 million pounds were sold . Unde r
these circumstances, consumer expenditures on canned sockeye salmon would be 5 0
mil x $2 .00 - $100 mil . Notice that, in this case, while the total poundage o f
sockeye salmon sold increased and while retail prices fell, total consume r
expenditures on sockeye salmon rose . This is because the percentage increase i n
sockeye salmon sales was higher than the percentage decrease in sockeye salmo n
prices : a situation of price-elastic demand in this price range .
Suppose, now, that the demand curve for sockeye salmon does not loo k
like that pictured in Figure 1 but, rather, more closely resembles that drawn i n
Figure 2 . Again, starting from the initial assumptions of an industry outpu t
of 30 million pounds and a retail price of $2 .50 per pound, an increase of industry output to 50 million pounds would reduce price to $1 .40 per pound . Consumer expenditures on canned red salmon would, under these circumstances, b e
$70 million . In this case with the same increase in canned sockeye volume, tota l
consumer expenditures on canned sockeye salmon is shown to decrease .
This i s
because the percentage increase in red salmon sales was lower than the percentag e
decline in red salmon prices (a case of price-inelastic demand) . Whether salmo n
aquaculture will generate additional revenue to the industry, (and here I' m
speaking of gross- not net-revenue), will depend, at least in part on the price elasticity of demand .
But this analysis is partial at best . If the quantity of sockey e
salmon being marketed increases, is it reasonable to assume that the prices o f
substitute goods will remain unchanged? Probably not . As the price of canne d
sockeye salmon falls, consumers can be expected to reduce their purchases o f
canned pink salmon, canned tuna, etc . This will have an effect on the prices o f
those commodities which, in turn, will affect purchases of red salmon . Thus ,
an understanding of the relationship between the demand for pink salmon and re d
salmon would be necessary to predict the impact of salmon aquaculture on price s
and consumer expenditures on pink and sockeye salmon .
Furthermore, what about the effect of a change in other variables o n
the demand for canned sockeye salmon? Suppose the price of canned tuna were t o
fall, thereby reducing the demand for canned salmon . As implied by the discussio n
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to this point, such a drop in tuna prices could not only reduce the quantity o f
red salmon purchased at current prices but could reduce the quantity demanded a t
all prices . This is illustrated in Figure 3 . The magnitude of such a shift and the nature of such a shift (lowe r
tuna prices may affect the salmon demand only in the lower'range of salmon prices )
will depend upon the relationship between the demand for tuna and the demand fo r
salmon . It seems to me that understanding the impact of a salmon aquacultur e
program on salmon prices and consumer expenditures will depend on understandin g
such relationships . In research reported recently, we found a substitutiona l
relationship in demand between aquaculturally-produced pan-size salmon an d
aquaculturally produced rainbow trout . (Queirolo and Johnston, 1979 )
Another important consideration here is the role of changes in consume r
incomes . If real consumer incomes rise, one would expect the demand for sockey e
salmon to increase as well . Our research, however suggests that consumer deman d
may not only not be sensitive to changes in consumer income but may be inversel y
related to consumer incomes . That is, as consumer incomes rise, the demand fo r
canned red salmon may actually fall . This may not be true for all regions o f
this country or for other countries (although recent evidence suggests that i t
may be the case in Canada and in the United Kingdom) . Whatever the case, An .
understanding of this relationship would be vital to predicting the impact o f
salmon aquaculture on prices and expenditures .
Many other factors could be considered here . They would includ e
regional differences in tastes and the availability of competitive products ,
seasonal patterns in demand, the nature of the demand for alternative marke t
forms and for "by-products" such as eggs, promotional activities, the role'ofs =imports --- to name a few . The point is that, as you are well aware, man y
factors affect consumer demand . Simply looking at what has happened to price s
and quantities sold over time obscures the underlying relationships and may lea d
to miscalculations about causes and effects . With current statistical techniques ,
however, the separate influences of the various factors can often be sorted out :An economic analysis which uses these techniques should be helpful in predictin g
the impacts --- and, perhaps, the viability --- of salmon aquaculture .
So far, discussion has focussed upon demand at the final consume r
level . Between the fisherman and the final consumer, however, are many indfvi ~
duals who deal in salmon : processors, wholesalers, brokers, retailers, an d
other distributors . At each of these levels at which an exchange takes plac e
and a price is struck there are separate "demand" and "supply" relationships ,
all of which are highly interconnected .
The Demand for Sockeye Salmon Facing Wholesalers and Processor s
For discussion purposes I shall lump wholesalers and processor s
together in this section . The quantity of sockeye salmon which retailers an d
other distributors are willing to purchase from wholesalers-processors wil l
depend upon the prices retailers expect to receive for sockeye salmon (that is ,
the consumer prices just discussed), the prices which they pay for red salmon ,
the buying and selling prices of other goods which they sell (for example, pin k
salmon, tuna), and what we might call marketing costs (including labor costs ,
storage costs, transportation costs, etc .) . Purchases by retailers from an y
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particular group of wholesalers-processors will depend also upon what prices ar e
being charged by other wholesalers-processors (for example, foreign suppliers) .
Let's consider the demand facing a particular group of wholesalers processors, perhaps even a single firm . Figure 4 depicts the demand relation ship facing this particular group under the assumptions that the retail price o f
sockeye salmon (and pink salmon and tuna) is constant, that prices charged by
other wholesalers-processors are constant, and that marketing costs per case
processed and sold are also constant . As drawn, the curve states that, the lowe r
the price charged by this group of wholesalers-processors, the larger th e
quantity of sockeye salmon retailers would purchase from this group of wholesalers processors . It also says that, the larger the quantity these sellers seek t o
place on the market as a result, say, of aquaculture programs, the lower th e
price retailers would be willing to pay . If this group were selling 60,00 0
cases at $80 per case it could gross $4 .8 million . By lowering its price t o
$70 per case the group would be able to sell 90,000 cases and could gross $6 . 3
million .
However, if lowering the price is advantageous for this group o f
wholesalers-processors, it is probably advantageous (or, at least, perceive d
to be advantageous) for all processors . And, as all processors expand th e
quantities they sell, this
depress the consumer price (see Figure 1) . Th e
result of this will be to reduce the demand for sockeye facing our group . A s
depicted in Figure 5, an attempt by this group to expand from 60,000 to 90,00 0
cases will reduce price not just to $70, but to $40 . Instead of increasing it s
total receipts to $6 .3 million the group experiences a decline in its tota l
receipts to $3 .6 million . This is, of course, a hypothetical example . However ,
it does suggest the importance of distinguishing between the demand facing a n
industry and the demand facing a firm .

will

The expected influence of the other factors identified earlie r
could be traced through here . Changes in the variables in the consumer deman d
function --- such as the price of beef, income levels, etc . --- will shift th e
demand for salmon facing wholesalers-processors . Changes in marketing cost s
(e .g ., storage charges) may also shift the demand . The point, once again, i s
that understanding the impact of salmon aquaculture on prices and industr y
revenues will depend on the nature of these various relationships . I hope that ,
in this section, I've also demonstrated how the actions of firms and groups o f
firms, even though acting independently of one another, can influence each other .
Thus, an understanding of the structure of the salmon market may also be crucia l
to predicting the impacts of salmon aquaculture .
Market Structure Consideration s
Under the heading of market structure there are a number of interestin g
issues pertaining to firm-industry relationships . The aquaculturist is ofte n
attempting to sell in a market where buyer-seller relationships are well established . It may be difficult for the individual firm to break into this structure .
Beyond this, if one aquaculturist is successful in marketing a product, this ,
in itself, may invite competition from other aquaculturists . Thus, one may
spend substantial resources in building up a market to find others taking ad vantage of it .
4
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As Leo Ray pointed out, consumers are not always willing to try some thing just because it is new . A marketing consultant recently wrote : "A 'soft '
margarine was introduced about 25 years ago, when 'polyunsaturates' and 'cholesterol' were not yet part of the American vocabulary . It failed . In the mid-1960's ,
it was introduced again . The same soft margarine captured 6% of the market in it s
first year ." (Paschkes, 1976) Timing is important and many factors beyond th e
control of the marketer affect tastes and preferences .
The issue of advertising is an interesting one . The aggregate deman d
for food products is usually quite resistant to advertising . The American Far m
Bureau does not spend money to urge Americans to "buy more food" . Produce pro motion by individual food firms may be successful in increasing those firms '
shares - but this will generally come at the expense of other firms . An attemp t
to place a new produce on the market is, if successful, likely to depress th e
price of competing products and provoke a reaction . Similarly, the marketin g
policies of other food firms may have a devastating effect on the market shar e
of an aquaculture firm .
This really comes under the general heading of the role of competin g
suppliers, both existing and potential . There is a strong demand for brine shrim p
in the Pacific Northwest . It has also been demonstrated that brine shrimp can b e
cultured in the Willamette Valley . However, the major west coast markets fo r
brine shrimp are probably in California, where production costs are substantiall y
lower due to environmental conditions, transportation cost advantages, an d
economies of size . Recall that, while catfish can be cultured in Oregon it too k
geothermal sources to enable Leo Ray to compete successfully with producers i n
the southern states . (Sometimes it isn't just transportation costs associate d
with the final product that are relevant but also those associated with importan t
inputs, such as feed . )
I would like to make one further observation on the issue of advertising, particularly the use of brand names . "Branding" may be difficult wit h
respect to fishery products . One seldom sees "Clear Lake Trout" or "Thousan d
Springs Trout" on the menu of a Los Angeles restaurant . In the grocery store on e
may see Bumble Bee tuna or Chicken of the Sea but, generally, fresh . salmon i s
fresh salmon and trout is trout . Don't be misled by this, however ; the absenc e
of a brand name on the commodity the final consumer sees does not mean that th e
restaurant, or fast-food, or retail buyer has not purchased according to very
precise specifications, which only certain suppliers can satisfy . Thus, simpl y
to look at the sales of seafood product and conjecture that one can easily sli p
into a market may obscure a rather complex set of relationships and buying practices .
Finally, I think economics has an interesting lesson to teach wit h
respect to market structure . When an industry is fairly young its members ten d
to perform all functions associated with producing a product, from initial production processes to final marketing . If aquaculture does grow we can probabl y
expect to see some new industries spawned as specialization takes place . Fo r
example, one salmon ranching company is finding it more profitable to have some
of its juvenile salmon raised by independent operators, who may end up supplyin g
not only that firm but other salmon ranching companies as well . In the future ,
such specialization may also occur with respect to other functions : release ,
maintenance of brood stock, for example . Food for fish is already produced by
firms which do not themselves raise fish .
90
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These are intersting times for aquaculture . While it is largely the
political issues which command most of the attention, keep your eyes on some o f
the economic issues as well .

L

REFERENCES
Agnello, Richard J . and Lawrence P . Donnelly . 1976 "Prices and Property Right s
Southern Economic Journal, October, 1976, pp . 253-262 .
in the Fisheries ."
Bell, Frederick W . 1978 Food from the Sea : The Economics and Politics of Ocea n
Fisheries .
Westview Press, Boulder, Colorado .
Brown, William G ., Douglas M . Larson, Richard S . Johnston, Roy J . Wahle, 197 6
Improved Economic Evaluation of Commercially and Sport-Caught Salmon an d
Steelhead of the Columbia River . Agricultural Experiment Station, Orego n
State University, Special Report 463, Corvallis, Oregon .
Department of Agricultural and Resource Economics, Oregon State University . 197 8
Socio-Economics of the Idaho, Washington, Oregon and California Coho an d
Chinook Salmon Industry .
Volume B of the final report to the Pacific Fisher y
Management Council, Corvallis, Oregon .
Johnston, Richard S . 1976 "The Market for Salmon Aquaculture Products : Some
Demand Considerations ." Proceedings of the Conference on Salmon Aquacultur e
University of Alaska Sea Grant Program ,
and the Alaskan Fishing Community .
Fairbanks, Alaska .
National Marine Fisheries Service . 1978 Fisheries of the United States, 1978 ,
Current Fishery Statistics No . 7800 . Washington, D . C .
Paschkes, Michael . 1976 "How to Guarantee New Product Failure ."
Marketing Management .
July 12, 1976, pp . 40-42 .

Sales an d

Queirolo, Lewis E . and Richard S . Johnston . 1979 Market Analysis of Domesticall y
Produced Rainbow Trout and the Impact of the Introduction of Pan-Sized Salmon .
Oregon State University Sea Grant College Program Publication No . ORESU-7-79 004 Corvallis, Oregon .

91

