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FOREWORD

a case for transference
of Alaskan effluerits to resource affltience

Ma!1 haS the CapaCity to make gOOd uSe Of the environment and a. the Samn t.imp Tn rpa izp iTS fl II piitential. Rat Oiial hiiiri;iri
exp oitat on can reinfiirce rather than deteriorate natural rPsriurces.

The 0 askan lur11ber, oil aiid fishing iridustries aro all coiisuiilcl's ii1 col11I110I1 they burn Iuol and require faciory Iiousirlli
cnmrtinditiOS .. they diSCharge WaSTL,S anrl biiild r:itieS By cOoperarive iiiteraci.iOn, hnwevpr, the CnlleCtivp haCk rln;ir;if These
operalioiis Caii becarrie a pOsitive resOuri.e. IL iS Orily up LO Our ii1genuity iilld Qiverencss LO IIT1IJICIiloill. ITleei1S Of Iei.'yi:Iliig LhPSP.
iiniised materials anrl Pni,rqiPS to The benPfit ot er onomir, stability and ilrnwth potP!1tially ave'lahlP is a natiiral ncPan pasTiire tii bP,
farmed ',lirough aquaculturP..

TO aCCompliSh theSi, prOduCtivr; and Cnmp Ome!1tary rloalS, it iS i,SSential That SpPCial Ptf<irt hi, made tii ririderstarid thP
erivirorimerit. Hesearcfi is reqiiired tu explore the sevelal possible approaches to suurid <usollrce Utlllzatiorn Here is 9 Lask 'ur llie
Lfniversity: lo provide fundarnen',al kr1ovv'edqi, and Lo suqqesl ivays ii1 which such kiiowlerlqe can be wisely piit to use. He,r�roo,
Pnters thP. I'OIP Of Lhe enliqhterierl P laskari citizen: movirig acreprahle ideas Irito experimerital prar tii e tlirniiqh IPqisiat ice sl'~pnnl 1

cu Z. ca~
President

,�.�...���.�,.�.Sea Gra,si i.'> pository
Fairbanks, 28 June 1973
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THE TASK AT HAND

hrs'estiguliug I>N<tI<al opportIs~Iities
bettveea fisheriesa>Id other
Aiu~liutI htdtfslrIui interests

The vast and intricate system of coastal waterways in Alaska constitutes an uncommon juxtaposition of sea,
land, air and fresh water -- an environment fortified in its remoteness as yet against the incidence of marine
habitat destruction underway in many other coastal areas of the United States. Alaska's wealth of highly
productive inlets, fjords and estuaries offers an exciting potential to stimulate the production of fish and
fish products through various methods of aquaculture. Such techniques would allow the effective
utilization of materials, both natural and man-made, and much energy routinely cast off in the present
operational course of municipalities and industry.

Economic growth within Alaska and demands outside the state for Alaskan resources are imposing
ever-increasing pressures for use of the coastal zone in support of food supply, transportation, energy,
lumber, mineral extraction, recreation, waste disposal and for urban and industrial development. A timely
glimpse in the forward direction reveals a rnatter of dollars and sense:

. a need for more adequate and reliable personal income for Alaskans and Alaska-based enterprises,
particularly for fishermen and workers in related enterprises that comprise a way of life and sustenance for
many residents

... a need for higher domestic production of fish products to lessen the nation's dependence on imported
fish for its own market, thus aiding a seriously distorted balance of trade

... a need for additional U.S. supplies of essential protein to help offset the increasing costs and shortages
of animal-based protein resulting from limited and increasingly costly petroleum-based nitrogen fertilizers

an opportunity to grow luxury fish species now in short supply for a persistent market

... an opportunity to use supplemental aquatic organisms to capture and utilize an inexhaustible but dilute
supply of natural ocean nutrients

an opportunity to utilize low-level thermal energy sources that are presently largely wasted

... an opportunity to utilize raw materials that are presently treated as wastes by industrial plants and
muni c i pa l it i es

Although Alaska's major prospects of lumber and oil often appear to be inherently incompatible with
fisheries interests, there is substantial indication to the contrary that each of these enterprises can actually
reinforce the other through wisely enhanced application of modern technology. Alaskan industries share
common needs of energy, building materials and waste-discharge requirements. To their mutual advantage,
however, is the unique capacity of biologIcal organisms to assimilate industrial waste products, thereby
converting an otherwise costly disposal process into a source of energy and food for increased production
of commercially valuable fish stocks and feed products,

As demands of a growing population inevitably advance, maximum effort should be expended to insure
that the productive capabilities of tne nation's waters are maintained at the highest levels consistent with
wise utilization of other resources. It was the purpose of this workshop to evaluate such possibilities in
Alaska.

L. W. HOOJ
Director

INSTITUTE OF MARINE SCIENCE

university of Alaska, Fairbanks
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What is aquaculture?

The term aquaculrure applies general y
to any method des'gned to control the
selection and increase the production
of aquatic organisms beneficial for
humari use and compatible with
ecosystem welfare. Specifically in
Alaskan context, aquaculture means a
technological step forward in more
effective utihzation ot existing
feedstuffs and energy, both natural
and industrial, to bu ld the state' s
coastal zone resources into a viable

and economically attractive f sheries
system.

Certain basic considerations underlie

any aquacultural endeavor.

Recognit'on of what species are
ap p r opriate for enhancement by
aquaculture

Provision for feedstuffs to sustain

enhanced crops of selected species

� Oevelopment of suitable substitute
habitats for culturing selected species

Harvesting and marketing of
cultured species and associated
by-p r o ducts



What biological resources
are appropriate for
aquaculture in Alaska?

Techriiques for enhancement and
protection of aquatic resources can be
applied to a number of species
simultaneously. Enclosed aquaculture
systems ideally should contain species
that iriteract with each other so as to

achieve maximum production without
accumulating excessive waste products
and organic debris. External control of
a particular system would dictate the
nature of the photosynthetic
organisms present, thus, either
phy top lankton  one-celled plant life in
the water column! or benthic algae
 attached small and large seaweeds!
could be encouraged, depending on
the erid product desired. A water
column rich in phytoplankton would
support a variety of suspension feeders
such as clams, mussels, oysters and
seal ops; vvhile a system designed to
encourage bottom algal growth would
lend itself to the support of species
such as abalones and sea urchiris,

which are feeding on such plant
material. Utilization of herb vore

protein in both systems by predaceous
or omnivorous species such as crabs,
lobsters, salmon or other fish would
permit development of additional 1 nks
in food-chains. Iriput of supp cmental
protein by way of waste products
from prricess'ng plants and heat from
thermal effluents would encoiiraqe
rapid growth in the sysleni. The
activities of scavenger species such as
amp hipods and crabs would help
ma int ain oxygenated botturri
conditions by removing wastes usually
consumed by bacteria.



SALMON

Df all cold-water fish, salmon appear to be tailor-made for aquaculture. The most important
attributes of salmon that adapt them so well to the practices of animal husbandry are:

... A large and varied gene pool for
selective breeding. Df the five North
American species of Pacific salmon,
there are tens of thousands of

races-each adapted to the specific sets
of env ir o nmental conditions

encountered during its particular life
cycle.

... The relative ease of rearing the eggs
and young fish through the freshwater

phase. An already well-developed
hatchery technology can be readily
modified to fit the requirements of the
Alaskan environment.

... The adaptability of certain salmon

stocks to alteration of their natural
growth rates. The various stages of
development can be controlled to
synchronize w th optimum conditions
for feeding and marketing or for
release of the salmon to the open
ocean range and their ultimate return
to preselected homing sites.

The migratory characteristics of
salmon to return to a specific stream

for spawning, With newly deve oped
early-rearing techniques, that trait can
be modified to permit selection of the
homing site of a planted stock,



MOLLU~

There are six Alaskarrarid one exotic

bivalve species suitable for
acqu a col tu r e exploitation within
nutrient-enriched systems. Manner of
habitation varies. The four species of
clams live typically in tihe sediments
 littleneck clam Prutothaea stamizzea,
butter clam Saxidomus nutallii,
pinkrieck clam Spisula polynenza and
the soft-shell clam Mya spp.!; the
scallop Patinopeetezz eaurz'zzus; I ves on
tlie sediments, the blue mussel Mytilus
edulis at laches tse! f by secreted
lhreads to a hard surface; and the

Pacific oyster Crassostrea gigas is
attached by one valve to the substrate.
All of these mollusks are suspens on
feeders that filter sma I organisms
 planktori! from the water co umn. All
are slow-growing n cold Alaskan
waters, but nutrient enrichment and

possib e therma! erihani.emerit of the
surrouriding waters shoiild increase
their growth rate. Harigirig culture
methods such as rafting have proved
higlily successful e sewhere and should
offer a further me~ns of improv ng
growth poteritia I.

Although existing worldwide expertis~
on cult~re of bivalve mollusks should

ensure success in rearinq any of these
bivalve species, ther~ is particular
advantage iri directing initial efforts
toward the high y marketab e oyster
and scallop.

CRUSTACEANS

shrimp. Although nine species of the
northern pink pandalid shrimp are
found in Alaskan waters, only five are
presently of commercial value. The
most abundant species, comprising
60-90 percent of the harvest, is the
pink Pandalus borealis. Another 10-ZO
percent of the catch is the sidestripe
Pandalopsis dispar. The spot Pandalus
platyeeros is the largest in individual
size of the five main species, followed
by the coonstripe P. hypsinotus and
the humpie P. ganiurus,

The abalone is the only member of the
gastropod class of mollusks to be
successfully cultured. Seed abalone are
produced in abundance at several
Japanese laboratory ies and at one
California site, Only one species,
Hali otis kamtsehatkana, occurs in
Alaskan waters and is eagerly sought
by coastal residents. Abalone feed on
large a gae and live well in aboratory
enclosures. A ready source of large
seaweeds should ensure adequate
growth potential for this molluscan
species, whose worldwide reputation
for taste excellence and ready
marketability as a gourmet food make
it a particuIarly attractive prospect for
a n A I as ka n marine aquacultural
system.
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Despite occasional setbacks in a sti I
developing shrimp culture technology,
programs in other parts of the country
have resulted in dramatic success

toward improved quality and increased
abundance of stock shrimp.
Nationally, shrimp is the most valuable
of all marine species harvested
domestically. They are themselves an
important food source for many North
Pacific marine organisms.
An unexplained peculiarity of Alaskan
shr im p p opulations is their
intermittent depletion, believed to be
due not to overfishing but to
combination of environmental factors.

Enhanced and continuous harvests

through the aid of aquaculture l
techniques should serve to stabilize an
uncertain market in the face of a

steady upward trend in shrimp
product prices and constant consumer
demand reported by market analysts.

Shrimp are much less abundant in
Southeastern Alaska than in the more

f sheries- ntense Kodiak area.

Southeastern Al ask a shrimping
undergoes a tradit'ona! closed season
during the mosf active spawning
period from mid-February through
April, thus interrupting a steady flow
of raw shrimp to keep crews and
costly p ant machinery productive.
This problem is compounded by the
fact that Alaskan shrimp mature
slowly and are significantly smaller
than other commercial species 'n the
southern U.S. and import sources, thus
causing increased processing costs  six
pounds of raw shrimp produce only
one pound of picked shrimp meat!.



SEAWEEDS

The tanner crab Chiunneeeles f>airdi

an d king crab Paralilhodes
i.a>nlsehaliea are both intensively
harvested a nng the Pacific coast. The
existerice ul an ongoing fishery for
each siiggests, howevi,r, that neither
species wou Id p resently be a
high-prior'ty candidate for
aquaculture. Further bialogical
information concerriing these valuable
species is essential to a satisfactory
resource understanding, aiid
aquacii ture enclosures would serve as
useful Tools for studying captured
individuals, The hardiness of young
tanner crab equips them for use as
bottom scavengers to keep aquaculture
enclosures clean of excess orqanic
debris.

Limited success in rear ng the
comrtiercially valuable Dungeness crab
Cancer magister does not favor it for
aquacultural application, although the
aquaculture system might be used to
examine its biology. Adults of this
spec es might be useful also as
botto m-scavenqers.

SEA URCHI NS AND SEA

CUCUM6ERS

Two edibie iiiembers of this

echinoderm class are faund along the
Alaskan coast, occasioiially in great
density. The sea urchin
Strur gyloeenlrul'as Spp, feedS
primarily nn seaweeds, and the sea
cucurriber Parasriehopus ealiji>rnieus
u tilizes bottom deposits. Related
species are liarvested interisively in tlie
Orient, arid the sea urchiri is already of
some interest along the Atlantic anrl
Pacifli: coasls. Tlie Japanese have
shown particular interest in the
southcentral Alaskan wild stocks, and
both species should be examiried for
future aquaculture possibilities.

A prafiiSion o»eaweedS oCCurS alang
the Alaskan coasl. Allliuiigh none are
utilized commercially at the present
time, abundant stands af economically
valuable browri seaweed  kelps! are
present. Seaweed culture is presantly
of lit!.Ie nterest in the United States

despite its considerable importance n
the Orient, where culture techniques
are widely practiced. Iii particular, a
type of red alqae known as nori is
irnensively cultivated by the Japanese.
Several related species of nori
 Porphyra! are available along The
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Thermo/ Input
 springs, industry!

Rafts of suspended fi lfer
feeders  c/ams, mussels,

scallops, oysfers!

Grazing herbivores on
seaweeds  urchins,
obolones, snoi ls!

Nufrienf Enrichment
 industrial unused energy sources,

deep tidol voters!

Boffom8'ofer Column

Crushed or shucked maferi'a/

to feed young so/mon

Deposi f feeding

Scavenging

Bait for pof
fishery  crabs!

Amphipods  salmon feed,
fropical fish food!

Sn oils

 European markef!
Fresh so/mon

Fi'sh feed

Seo cucumbers

 foreign morkef!
Crab ond lobsters for

/ive or frozen
shipment

Cloms, mussels, scot/ops,
oysters  fresh and frozen

market!

E n d, Producf s

Shrimp ond crab
processing

Exoske/efo/ wosfes
Chitin Chi fosan
for binder moferiol

lnsecfi ci de bi'nder,
woter q'uo/ify chemicols,

other products

Fin fish

processing

Soft fissue
wosfes

Phytop/ankfon,
Zoop/onkton

Fi'ecrui fs fo

so/mon fishery

Unused feed avoii'able
for crobs ond lobsters

Bottom orgonic debris,
dead or weakened onimols,

/orge seaweeds

Seaweeds  domestic
ond foreign market!

Urchins  primorily
Japanese morkef!

Abolones  loca/
and nofi onol morkef!
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What is the AIaskan
potential for producing
feedstuffs from wastes?

Industry and urban development in
Alaska provide certain waste
commodities which cou d be recycled
for either d'rect use by cultivated
marine orqanisms or to manufacture
bulk feeds for aquaculture and other
animal ndustries. Among present
industrial wastes are excess heat from
generating plants, organic material
frorp pulp m lls, n trogeri discharged as
ammonia from the petrochemical
iridustiy, fish wastes from processing
plants and from urban areas, and
sewaqe either in a treated state or as
aCt.iva ted slud ge.

The pro pe;ty that these industrial
wastes havi, in coriiriion is tliat they
are potential sources of energy.

Practically all iiidustries discharge
substaritial quantities nf energy in the
form of warm or hot water, often
upcori ta ipi no ted. Condenser cooling
water is used but briefly in power
plants, in liquilied Iiatural gas  ENG!
operatioris and in pulp m ll steam
plants. This water is cleari at the time
ol d scharge and could be used in
direct contact with marine orgariisms.
Warm diffluent water from other

sources may cont~in dissolved or
suspended matter, but the heat can be
recovered by means of heat
ex cha ngers.

HatclierieS and rearirig paridS are a
prime example nf potential consume~s
for recyc ed heat eriergy. In such
impoundments the warm-water
discharqes cou d be used to stimulate
hatchirig and increase the growth rate
of the organisms beinq cultivated. This
is especially mportant in an area such
as Alaska, where suboptima growth
temperatures prevail for much of the
year.

The gas-based petrochem cal industry
in Coo k Inlet discharges low
concentrat ons of ammonia with a

nitrogen poterit al estimated in excess
of 2 tons per day. Although the
ammonia concentrations are too low

to be commercially recovered, the
level is high enough to be utilized by

certain marine orqanisms for
production of proteiri.

The use of organic materia frorri the
paper industry may be possible in a
system which uses nitrogen from
seawater to produce plankton. Such a
system would have the advantage of
being productive throuqhoiit ttie year,
since the eriergy sou~co of cellulose
and wood-fiber  lignirI! wastes woii d
be independent of changes in solar
radiatiori which govern the natural
productivity of marine systems in
northern regions.

By adding nitrogen to waste ce lulose
and lignins from pulp and paper
manufacturirig, an appropriate
medium can be made for growing
yeast, an excellent sou~ca of protein
for ilia bu k manufaCture nf anima!

feeds. Constitutional deficiencies in
the yeast could be made up from
protein material discarded iii cannery
wastes.

SLUDGE
AND ASSOCI ATED LIQUID

WASTES

Biodegradation of domestic eff uents,
requ'red by both state and federal
regulation, produces as a by-product
large quantities of organic sludge,
Since this material consists mainly of
the bodies of bacterial organisms
growri as a result of the treatment
process, sludge would seem to offer a
potential source of protein nitrogen
for use in aquaculture.

Al th ough sludge-associated debris
from domestic and industrial activity
may not be directly usable by
commercial or sports f'sh, certain
small marine organisms are able to
util'ze aggregated forms of such

materials directly as food and are in
turn inqested by larger fish.

The most ubiquitous groups of
scavengers to be cops dered in this role
are the sma I marine crustacean

amphipods. A particularly common
Pacific species Ani»ogarnznzzru»
pugetren»i»feeds on a variety of
materials, including planl. and animal
debris. Under natural circumstances

they are found in large numbers ii!
association vvith seaweed on beaches,
in tide pools, under log hooriis, and as
scaverigers ori dead fish and other
organism They are capable of living
under a wide rarige of environmental
conditions in which temperature and
salinity may vary drastically over a
single tidal cycle, or in vvaters which
are larqely depleted of oxyqen,

It is possible that solid sewage from
urban areas can be recycled throuqh
amphipods to an ecorioiTIically useful
marine resource. Exper ments
con ducterI at Woods Hole
Oceariographic ! nstitutiop have
demonstrated the effect veness of such
an application in rearinq oysters,
scallops and seaweeds of commercial
importance from a food-cha'n based
on sewage substrate. In another
project, Sea Grant investigators at the
U nive r s ity o f California, Santa
Barbara, are studying the possibility of
raising algae in sewage effluent. The
algae would then be used as food for
filter-feeding organisms. Also being
considered by the Santa Barbara
researchers is the use of sludge as a
substrate directly for gruwirig
Orche»tia rraskiana an amphi pod
species potentially' valuable both a
shrimp food and fish bait.
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It is known that in many cases
amphipods may be the principal food
for young salmon. In view of the
known shortage of fish feeds and the
need to recycle industrial and urban
waste commodities, it would appear
expedient to cultivate a d omestic
amph'pod as a suitable food material
for salmonid culture. A large market
already exists for frozen zooplankton
in the form of the California-based
brine shrimp industry, and frozen
amphipods could be expected to offer
a comparable product potential.

FISH AND SHELLFISH
PROCESSING WASTES

The need for fish feeds in association
with aquaculture projects makes the
econom'ca! use of shr mp, crab and
fish processing wastes one of the most
relevant opportun ties in waste
recycling. This prospect is of mutual
interest to the fish processors
themselves, who are faced with
increasingly strict requirements for
clean-up of waste discharges.

Fish-processing residue is a natural
food for all evels of aquat c life and
could constitute a primary source of
feed for aquacu ture purposes with
only a modest amount of development
work. In many applications, the wastes
could be merely pulverized and
distributed scientifical y in appropriate
areas for direct consumption by
cultivated organisms.

At a m o r e sophisticated leve,
development of bulk fish-food pellet
ma nufacture would offer further
~ tilization of waste materials from fish
facto r ies.

An area of historical environmental
concern is Kodiak harbor, which has
been heavily polluted by shrimp, crab
and salmon processing debris. Divers
have reported up to ZO feet of clutter
in areas of the harbor bottom.

In the case of shrimp alone, about
80-85 percent of the vo ume harvested
is discarded in the form of shells,
organic soli ds, and liquids containing
dissolved salts and oils,

Ingredients of crustacea shells:

Although the greatest volume of
shellfish waste is calcium chloride, a
salt of little commercial value to

outside markets, even this is a resource
of known poterItel within Alaska for
de-icing arid road dust control.

Chitin is the structural, cellulose-like
material that holds together the shells
of crustacea such as crab and shrimp.
Because the material is not easily
b i o d egraded, shellfish wastes
contribute h eavily to pollution
problems. Chitin as an industrial
co mmo dity, however, offers
substantial new product and market
potential:

- additive to newsprint paper
- additive to baby foods
- water treatment coagulant
� additive to stomach anti-acids
- treatment of wounds
- pestic'de release control
� textile finishes

- water-base paint emulsions
� new synthetic fiber
� food thickener

� film manufacture

- specialty adhesives

The Department of Commerce's
National Oceanic and Atmospheric
Administration recently announced
establ'shment of a pilot chitin-chitosan
plant in Seattle to study practical and
profitable means of utilizing this

valuable component of the thousands
of tons of shellfish carcasses dumped
each year into ocean waters, In a
co mplementary process developed
through the Llniversity of Washington
Sea G rant program, prote n is
extracted from the leg shells of
Alaskan king crabs and locai
Dungeness crab for production of fish
protein concentrate. Together, these
processes totally utilize fish and shell
wastes.

What other Alaskan

resources could

benefit aquaculture
development?

A p p r o x i m a t e I y ZO,OOO
fisheries-related people inhabit the
coastal areas of Alaska. A substantial
p o r t on of these residents lack
year-round employment and would
comprise a va uable resource for
aquaculture projects.

Labor costs borne by other ndusrrial
enterpriSeS in Ihe COurSe of their
ro utine waste d scharge activities
would dilute the overhead expense of
acquir ng feedstuffs for aquacultural
use.

Particularly the timber 'ndustry would
preserit a possible cooperative
opportunity for the use of heavy
machinery and ready buildinq supplies
for development of aqiiaculture
installations and for construction of
access roads to such facil ties.

FUTURE RESOURCES

Additional materials and energy
sources will be considered as they
become recognized to have significant
potential in the aquaculture field
Such resources could inc ude use of
carbon dioxide and hydrocarbons
from the petrochemical ndustry and
carbohydrate derivatives from the pulp
plants.



Aquoculturol Feeds � Sources ond
Zntermed/ gte Products





o f p I an k ton. The sea becomes
essentially nitrogen-deficient therefore
during a large part of the summer.
Below the thermocline layer  usually
30100 meters!, however, a high
concentration of n trate occurs, this is
mixed up into the surface layers by
winter stor ms to be depleted again
during the following spring

Artificial impoundment systems to tap unlimited
source of nutrients only 90-1 20 feet below surface

0 5 0 /5 ZO 25

In areas where there is considerable

tide exchange, a natural mechanisms
exists for enriching the surface water
throughout the summer. This device
consists of two pipes, one penetrating
below the seasonal thermoc ine into

the bottom of an encosed coastal

impoundment and a second pipe
leading out of the top of the
impoundment. On each tidal cycle,
nutrient-rich water from below the

thermocline is pushed up into the
impoundment; as the tide falls,
nutrient-poor water in the surface
layers of the impoundment flows out
through the upper pipe. This system
has been tested experimentally, and it
can be shown that it results in an

approximate ten fold increase in the
natural productivity of coasta! waters.
The type of food-chain leading to an
economically useful resource within
the impoundment could then be
manipulated to produce the exact
choice of commodities as determined

by the technical feasibility and
economic considerations.

l.6

pg-ofoms NO+ Ili ter

Vertical distribution of nitrate  summer and winter!
in typical Alaskan fjord
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Open-range

salman ranching

Any p ub Iic policy decision to
encourage ocean ranching af salmon
should recognize that conservation of
wi d ~tacks should take precedence in
any management program of mixed
wild and hatchery stacks. Many ather
questions must .be considered in
formulating management policy:

Ocean ranching appears to have greater
immediate economic promise than
feedlot systems because of slow winter
growth in inshore waters and high
operation costs  food, handling and
facilities! for fish raised entirely in
captivity.

Hatchery-reared king, coho and
sackeye salmon can be conditianed ta
return to selected streams by halding
them in pens in salt water near the
mouths af streams for brief periods
before releasing them to grow ta
maturity at sea. The spawning run is
harvested at the homing station. Pink
and chum salmon are released from
hatcheries to emigrate directly to sea.
Harvesting occurs when the matured
salmon return fram the ocean. A
corollary use of open-range ranching
would be the conditioning of stocks to
return to areas where it would be
desira ble to stimulate sport or
commercial fishing.

.. Should ocean ranching corporations
be permitted to assess their
membership for the purpose af
establishing a fund intended to finance
hatcheries? One by-product of a
private hatchery program will be the
enhancement of recreational salmon
fisheries. The establishment of salmon
production systems by ocean ranching
corporations should not restrict
opportunities for sport-fishing or for
tourism.

.. Should membership in an acean
ranching corporation be limited to
fishermen, processors and other
econamic interests that obtain income

from a definable common property
fishery? This would help ta insure that
any plan to develap salmon
production systems would enjoy ocal
support.

.. Should fishermen be encouraged to
form corparatians to engage in ocean
ranching? Would ocean ranching
through private salmon production
systems be compatible with present
management policies for common
property salmon fisheries?

.. Should other industries  fish
processars, etc.j or private cit'zens
who do not hold permits to engage in
the limited entry fishery be permitted
to engage in ocean ranching? One
passible approach is to allow these
interests ta purchase a minority
interest in ocean ranching
corporations. This type of
arrangement would encourage salmon
processars and other interests sharing a
desire to play a rale in the arderly
deveopment of salmon fisheries to

participate.

.. Should ocean ranching corporations
be licensed by the State of Alaska
solely for the purpose of raising fish
for the common property fishery and
for the harvest and marketing of
surplus hatchery Fish?

.. Should the licensing of hatcher es
give highest priority ta distressed and
impaired fisheries as def'ned in the
limited entry bill?

,. Should casts incurred by the Alaska
Department af Fish and Game far
manitoring and administering salmon
production systems be charged to the
ocean ranching corporations?

., Should ocean ranching corporations
derive all of their income from the sale
of surplus hatchery fish escaping the
common property fishery'? Should
such corporations have the discretion
to assess participants in the common
praperty fishery to obtain funds
required to subsidize salmon
production systems if the value of
surplus fish do not equal or exceed the
costs of operation'?



How can aquaculture be promoted in Alaska?

Ft ticy, direction
enobting tegi'siofvre

Farmatiori of' a camriiittee of Alaskan
resource users to identity and qiiantify
resources and appar tunities would
coardirinte diverse interests af the
member groups. Such a coriimittee
should incliide representatives from all
contributory Alaskan industries
fishing and tish processing, lumber arid
pulp, min'ng, tourism spnrts,
petrolcurn and petrachemicals.

The state government could then
estab! sh a task force to represent the
state in cooperation with Ihe users
committee. The task force. and users

committee should develop procedures
for identifying specitic resources,
matching resources that could
complement one another, estimating
the ecanom cs of aquaculture projects
based on these resources, and defining
the legal requirements and rnenris af
accompl shing them. On the basis of
these considerations, the users
cnmmittee cauld theri recommend

enabI ng legislation tn promnte
commercia aquaculture.

These recommendations should be
made known to the state and to the

public for imp ementation by piiblic
or private entities.

General public support is essential far
t h e devel ap ment nt aquacijlture,
Information must be made known Io

I he p u b I i c, to a ppropriate
governmental aqencies and iridustrial
groups and tu potential private
investors. Because investment funds
w II be low at the start, citizeris are
ur ged to encourage their state
representatives to autharize the
estabIishment and operation af
demonstration projects to investigate
aqu ac ul tu re f ea sibility an6
profitability. The news media should
be kept fu ly apprised of progress,
problems nnd potential benefits of the
aquaculture experience elsewhere as
well,

AfTer nri aquacultuial system has
received social acceptance, numerous
I e qal co nsiderati uris vvill have a
cont inuirig nfluence. Such
requirements wilI iriclude enabling
legislation, issuance of permits  rights
to water, use af land, tidelands and
navigable waters, waste disposal!,
env iro nmental impact sin tements,
operatioii of rearirig systems  disease
diagnosis and control, transplantation,
markinq of animals!, harvesting and
marketing.

Although it is recognized that a basic
and rea need exists for coritrnls of this
type, the tendency to consider these
by-p r o diicts as ''wastes" and
''poilu Tarii s'' has hindered
invesiigatiaris related ta beneficial uses
of such by-prodiicts. Furthermore.,
some regulatiaiis contrail ng discharge
of industrial by-p roducts may
inadvertently preverit the beneficia
utiliznt'on of these products.

As an example�discharge of heatec1
water from industrial processes irita a
strenrri, lake or estuary is controlled by
federal requlation. The. temperature of
discharged water can exceed that of
the receiving water by orily a f xed
number of degrees. Some industrial
plants are therefore required to
develop water-cooling systems ta
dissipate the heat prior tn discharging
water. In specific cases, the discharge
af heated water may have little or no
detrimental effect an the enviroriment

of the receiving vvaters, lt could have,
on the other hand, some beneficial
effect such as the improverrient of
growth rates af salmon fry being
reared in enclosures in the vicinity of
the discharge. Fxistirig regulation can
prohibit the use of heated water for
this purpose,

Laws regulat ng the disposal ot
in du striaI by-products shaul d be
flexible enough tn recngriizo, and
allow, use of by-products when this
use is compatib e with tfie irilenl of
the law and at the same time benefits
production af fish by an aquaculture
system.

1.8

A preliminary examination o 
soc'nleqal prerequisites for aquaculture
has ed to the conclusion that starting
aquaculture in Alaska w ll requ re:

.. acceptance by the public

., active prnmotian by administrative
agencies

. support of participants iri carrirnon-
p r o p e r t y c u rri in e r c i a I a n d
recreational tisheries

.. advisory services from university,
government, and consulting
tee hnica I qro u ps

What regulations presently
constrain the utilization of

industrial by-products by
aquaculture systems?

In recent years numerous federal, stale
and local laws have been developed
wh'ch requlnte the quality and
quantity af industrial by-products
being returned to the environment.

PL 92-50ij, the Federal Water
Pollutian Control Act Amendments of
1972, provides specif cally for
development of aquaculture in Section
31 B " a! The Administratnr is
authorized, nfl.er publ c hearings, to
permit the discharge of a specific
pal utant ar prillutants urider
controlled conditions associated with

an approved aquaculture project iinder
Federal nr State supervisinri.  b! Tlie
Administrator shall by regiilatiori, nat
later than Jariuary 1, 1974, esrablish
any procedures and guidolincs he
deemS neCeSsary tn Carry niit thiS
section.



Citizens and potential investors should encourage the state and
federal agencies to establish and operate demonstration experiments
to investigate the feasibility and profitability of developing

animal feeds from processed fish wastes and other
Alaskan raw materials

impoundment systems for production of aquacultural
seed stocks and market-ready commodities

The University of Alaska, the state and contributors to this report
should encourage users of Alaskan resources to form an advisory users
committee. Similarly, the Governor should be encouraged to form a
task force to work together with the users committee and the state to

prepare legislation for removal of institutional barriers to permit
beneficial uses of by-products from industrial processes

provide for a comprehensive study of the advisability
of allowing private ocean ranching of salmon




