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PREFACE

The evolution of human society is
marked by a progression of developments
that have allowed for our survival and
expansion over the globe. Among the
most significant of these developments is
the rise of agriculture. When people were
freed from the restraints of hunting and
gathering, opportunities arose for social-
ization, thought, and prosperity. Agricul-
ture’s advantages over hunting and
gathering (i.e., efficiency and reliability)
were of such magnitude that it today
provides over 95% of the world’s total
food supply.!

A similar shift to cultivation has not,
however, occurred in water-based food
production. In exploiting aquatic re-
sources, civilizations have generally
clung to hunting and gathering tech-
niques. Only in recent times have aquatic
cultivation methods been utilized to the
extent of producing a measurable por-
tion of total fishery products. Currently,
aquaculture accounts for approximately
one-tenth of the worldwide harvest of G0
1o 70 million metric tons of edible finfish
and shellfish.?

As civilization continues to evolve, the
question remains as to whether aquacul-
ture will grow from its 10% share to an

‘eventual position of dominance over the

traditional modes of harvesting the ocean.
Many feel that such development will be
required in order to avert malnutrition
and starvation in coming generations.
Others believe that the world’s future de-
mands for food can be satisfied without
it. Whatever the case, the future prom-
ises to hold many difficulties for the aqua-
culture industry.

This report discusses the impediments
that have already acted to inhibit sea-
farming in the coastal zones of the United
States. Section I provides an overview of
the worldwide aquaculture industry, in-
cluding a summary of the advantages of
aquatic husbandry over both land-based
agriculture and traditional fishing tech-
niques. The impediments to aguacultural
development in the U.S. follow in Sec-
tion I, broken into three categories of
constraints: socioeconomic, biological,
and legal. In Section II1, West Coast
salmon ranching is used to illustrate how
these factors have combined to inhibit a
particular aquaculture enterprise. The
study then concludes with a discussion
of the type of planning that will be re-
quired to ameliorate the problems both
faced and created by aquaculture along
our nation’s coastlines.

* #* X%
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I. INTRODUCTION

A. Overview of Worldwide
Aquaculture

Aquatic husbandry began thousands
of years ago with the raising of fish in
inland waters. The Greeks and Romans
are known to have fattened fish in ponds,
while Egyptian tomb carvings indicate
that cultivated fisheries may have existed
there as well.? It was in Asia, however,
where early aquaculture gained a foot-
hold that has continued into modern
times. There, the need for protein to feed
growing populations led the ancient Civi-
lizations of China, India, and southeast
Asia to develop methods of intensive fish
production.

From its beginnings in finfish cultiva-
tion, the aquaculture industry has diver-
sified in modern times to include a variety
of cornmercially valuable aquatic animals
and plants. Diversification has also arisen
with respect to the growing number of
countries in which aquatic husbandry is
practice<t. Consequently, a look at mod-
ern aquaculture takes one across the face
of the globe with glimpses of oysters
maturing in the tidal flats of southern
Brittany, mussel-encrusted piles rising
from Manila Bay, carp thriving in manure-
enriched ponds of southeast Asia, and
drummed abalone dangling bencath oil
platforms’ of the Santa Barbara Channel.
These and numerous other operations
currently produce more than 19 billion
pounds annually of high-protein food
from the aquatic environment.*

Production in more than seventy coun-
tries contributes to total agquaculture har-
vests, Asia, however, remains the source
of a vast majority of woridwide output.

Regional Percentage of World Production

Region %

Africa 0.05
Asia B84.43
Europe 13.05
Latin America 0.86

North America 1.61

Source: T. V. R. Fillay, “State of Aquacuiture, 1981."
Quoted from a transcript of the lecture delivered at
a World Conference on Aquaculture, Venice, Italy,
21 Sept. 1981,

China alone produces nearly 9 billion
pounds of aquacultural harvests yearly,
leading all other nations in both mollusk
and seaweed cultivation.® The leading
producer of cultivated crustaceans is In-

donesia, while India ranks first in finfish
farming (see Table 1).

Finfish historically have accounted for
the bulk of the worldwide aquaculture
output. Today, however, finfish share
their leading role with mollusks, with
each sector contributing roughly 7 bil-
lion pounds annually to the aquaculiure
market. Cultivated seaweed accounts for
most of the remaining 25% of the market
(4.8 billion pounds per year), while ¢rus-
taceans currently comprise less than 1%
of the total. Although their market shares
vary, each sector has exhibited a com-
mon trait in recent years—rapid expan-
sion. The first half of the 1970s saw the
annual total aquaculture harvest more
than double, with this upward trend con-
tinuing into the current decade.”

Table 1
Leading Cultivated Finfish Producers in 1980

Thousands Millions
of of

Country Metric Tons Pounds
India 830.2 1826.4
China 813.3 1789.3
USSR 3140.0 748.0
Japan 249.4 548.7
Indonesia 177.5 390.5
Philippines 1316 3335
Taiwan 1280 281.6
Bangladesh 65.0 143.0
USA 35.6 1223
Romania 413 0.9
Thailand 39.4 86.7
Yugoslavia 29.1 64.0
Italy 28.2 62.0
Hungary 26.5 58.3
France 253 55.7

Source: Adapted from T. V. R, Pillay, “'State of
Aquaculture, 1981," a transcript of a lecture deliv-
ered at a World Conference on Aquaculture, Ven-
ice, Italy, 21 Sept. 1981,

The recent growth and diversification
of aquaculture has resultted not only from
the need for protein but also from the
desire for profit. Whereas aquatic hus-
bandry in rural Asia developed primarily
for subsistence, many modern aguacul-
tural ventures are motivated by economic
considerations. Aquatic entrepreneurs in
the United States and in other industrial-
ized nations are increasingly turning to
modern technology and high-value spe-
cies (e.g., abalone, lobster, salmon) to
reap lucrative harvests. This desire to
maximize profits, as well as the need for
protein, provides significant incentive for
additional growth and diversification of
the fledgling aquaculture industry.

This incentive alone, however, is not
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Picking salmon from
a giiinet along the
Bering Sea. Phoito:
Jim Larison, Oregon
State University Sea
Grant Coliege
Program.

sufficient to ensure the continued expan-
sion of the industry. If aguaculture prac-
tices are to grow, their advantages over
traditional modes of food producton must
prove more compelling than the socioe-
conomic, biological, and legal constraints
to their development.

B. Advantages over Traditional
Fishing Methods

The advantages that aquatic husbandry
has to offer over traditional methods of
harvesting fishery resources arc numer-
ous. They are difficult to characterize
briefly, however, because of the great
diversity within the aquaculture indus-
try. It is hard to picture aquaculture as 2
single entity when one eye is on a com-
puterized laboratory controlling the tem-
perature of shrimp larvae, while the other
peers into a stilted Thai hut where gar-
bage scraps are fed to the caged fish
below. Nonetheless, the many compo-
nents of the aquaculture industry share
certain advantages over traditional meth-
ods of harvesting fishery products.

The most obvious of these advantages
is the efficiency involved in cultivation.
For much the same reason that our an-
cestors found farming and domestication
of animals preferable to hunting and gath-
ering, 50 too is aquaculture an attractive
means for saving time and effort. Not
only can the aquaculturist make physical
conditions conducive to production, but
expenses are greatly reduced when the
need to search for and capture the prod-
uct is eliminated. In this age of high en-
ergy costs, it is particularly advantageous
to maintain control over aquatic harvests,
through physical barriers, natural hom-
ing mechanisms, or acoustical signals td
which several species have been success-
fully trained to respond.®

The second major advantage of aqua-
culture lies in the absolute quantity of
food that it can potentially produce.
Worldwide harvests of natural stocks from
the ocean and inland waters have reached
and, in some cases, exceeded the limit of
production for many species. Even when
considering the total sustainable harvest
of all commercial aquatic species {esti-




mated at 100 to 120 million metric tons
per year),® we are already harvesting more
than half this amount annually. Inade-
quacies in existing fisheties are expected
to become even more apparent as the
worldwide demand for food steadily
climbs. With the application of cultiva-
tion techniques, however, fishery harvests
can be increased many times over. Al-
though it is difficult to quantify the po-
tential global output of aquaculture, one
expert speculates that through farming
the sea and inland waters we will have
the capacity in fifty years to produce ten
times the sustainable harvest of natural
fishery stocks.'® This vast potential ex-
pands yearly as technology develops to
allow for more intensive production of
fish and shellfish. Survival is enhanced
by new vaccines, growth is promoted by
controlling the thermal and chemical
properties of the water, efficiency is
gained through breeding, and productiv-
ity is increased through innovative feed-
ing and rearing techniques.

Examples of recent improvements in
aquaculture abound. For instance, re-
searchers in Hawaii have developed a
pilot system of plastic-enclosed tanks in
which the equivalent of 65,000 pounds
of shrimp tails is produced per acre.\?
This compares with a typical output of
2,000 Ib/acre from shrimp raised in ponds.
Also a number of species including lob-
ster, catfish, and salmon currently thrive
in warmed water diverted into their rear-
ing facilities from industrial plants. A fur-
ther example of increased efficiency is
found in Idaho where a ten-acre trout
farm utilizing enriched feed and recycl-
ing systems raised 12% of the total trout
commercially produced in the U.S. in the
mid-1970s.'2 Qutput from this single site
equals over 2 million pounds of fish
annually.

The final major advantage of aquacul-
ture relative to traditional harvesting
methods is its potential for enhancing
the natural ecosystermn. Rather than ex-
ploiting existing fishery stocks, aquatic
husbandry can be used to supplement
depleted resources. This is already being
done on a large scale with Pacific salmon,
as well as in Japan with shrimp. Further-
more, if seafarming could supply con-
sumer demands for certain fishery pro-
ducts, it would allow natural stocks to be
used more fully in the aquatic food chain.
This would not only promote a healthier
natural environment, but reduce existing
conflicts between humans and coastal
mammals (e.g., competition for Califor-

nia abalone with the sea otter). All this
discussion is certainly not meant to dis-
regard the important role that commer-
cial fishing has played—and should con-
tinue to play-—in our society. Nor does it
imply that aquaculture development will
be problem-free (see Section II, “Con-
strainis on Coastal Aquaculture in the
U.8.”"). But the potential advantages of
cultivating aquatic products as compared
to the fishing and gathering of natural
stocks may indeed prove significant in
terms of increased quantity, efficiency,
and conservation.

C. Advantages over Agriculture

The benefits of aquaculture relative to
land-based agriculture are also numerous,
The most obvious advantage stems from
the acreage requirerment associated with
agricultural development. Most suitable
farming and grazing lands are already
utilized worldwide; thus, agricultural
growth is limited. Tracts of additional ag-
ricultural land could be carved from areas
like the Amazon, but both the environ-
mental impacts and the questicnable suc-
cess of such projects constitute serious
drawbacks. Environmental and economic
tradeoffs likewise arise with increased
production through irrigation in arid re-
gions already experiencing competition
for limited water supplies.

Unlike agricultural expansion, cultivat-
ing fishery products will not create se-
vere additional strains on terrestrial re-
sources. Even in those instances where
land is required by artificial ponds or by
coastal aquaculture facilities, the food
output per acre from these operations is
generally much greater than from agri-
culture. The efficiency of aquaculture—
both inland and marine—is enhanced by
its three-dimensional character. Whereas
agriculture is confined to the surface of
the land, coastal aquaculture can utilize
nutrients in surface water, in bottom sed-
iment, and in the fertile zone between.
The day may soon arrive when cultivated
lobsters look up to see racks of oysters
floating on the surface, while salmon feed
nearby as they home back to the facility
from which they were hatched and
released.

The applicability of this three-
dimensional concept has already been
ingeniously demonstrated for inland
aquaculture. In China, as many as seven
edible species of fish and crustaceans
may be found filling the biotic niches of a
single pond.!* On a carp farm, for exam-

9
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ple, a grass carp may consume the pond's
surface vegetation while below, silver
carp feed on mid-water phytoplankton,
and bighead graze the zooplankton. At
the bottom, the detritus-feeding mud and
common carp may be found swimming
with the black carp as it searches for
snails.'4 Although less advanced, this
“polyculture’’ concept has also been ap-
plied in North America where commer-
cial crayfish thrive on the waste-laden
effluent from catfish ponds.

The three-dimensional character of
aquaculture is not the sole reason for its
relative efficiency over agriculture. Finfish
are more thrifty producers of protein
than are farm animals. Because fish exist
in an essentially weightless state in water,
they waste less food energy in moving
than do land dwellers.'s Also, no energy
{5 expended to maintain body heat since
they are cold-blooded. With these fac-
tors working to their advantage, fish gen-
erally consume fewer than 100 kilocalo-
ries to produce a gram of protein, as
compared to 800 kilocalories required
by feedlot beef.'¢ Furthermore, studies
have shown that cultivated trout and
salmon can convert 1.1 pounds of food
(dry weight) into 1.0 pound of edible
product, while the feod-to-product ratio
in chickens is 2 to 1 and for swine, 5 to
1.17 We may soon find that the disparity
between these ratios becomes of acute
importance as world population expands
upcn our finite land base.

Economic ratios also dramatically in-
dicate the potential advantages of aqua-
culture. In a Japanesé program for shrimp

enhancement, each yen spent on supple-
menting natural stocks yielded ten yen
worth of additional carch.'® On the other
side of the Pacific, a 1:7 dollar ratio re-
sulted between hatchery costs and the
added value of commercial harvests of
coho salmon.'® Additionally, private
salmon ranching operations are reported
to have the potential for up to a 4000%
return on investment.?® One need only
look at the plight of many of today's
farmers to see that such high profits are
rarely realized in land-based agriculture.

* &k %

II. CONSTRAINTS ON COASTAL
AQUACULTURE IN THE U.S.

Despite its many advantages, aquacul-
ture in the United States developed quite
slowly. The birth of the domestic aqua-
culture industry occurred in the 1850s,
when seed oysters from Chesapeake Bay
and Puget Sound were transplanted to
Long Island waters and San Francisco
Bay, respectively, in order to meet grow-
ing consumer demands.?! Next came the
landmark year of 1885 when the nation’s
first commercial marine hatchery was built
at Woods Hole, Massachusetts. It was not
until the mid-twenticth century, howev-
er, that alternatives for artificially raising
fish were implemented and that shellfish
cultivation began on a large scale. Even
with this increased interest in aquatic
husbandry, by 1965 the output from
aquaculture still comprised less than one-

Table 2
LS. Aquaculture Production

1979 1980
Pounds Valuein Pounds Value in

Cultivated Dollars Cultivated Dollars
Speciest@ {millions) {millions) (millions) (millions)
Catfish 40.6 28.8 76.7 53.6
Trout 25.0 21.0 48.0 375
Clams 8.9 5.4 2.1 5.6
Qysters 6.8 11.6 7.2 12.3
Salmon 2.4 0.9 7.6 34 /
Shrimp 0.0 0.0 0.3 1.2
Totalt) 837 67.7 148.9 t13.6

(3) Data shown are live weight harvest for consumption except for oysters and clams which are meat
weight. Excluded are eggs, fingerlings, etc. which are an intermediate product level.

{b) These estimates do not include aquaculture production for all species such as abalone, mussels, striped
rass, crawfish et al., which is estimated to be about 12.0 miltion pounds.

Source: U.5. Department of Commerce, "“Statistlcs from Fisherles of the United States, 1980, in Appendix
to The American Fisberies and Referenice Book, 2nd ed. (Cambden, Maine: National Fishermen, 1981),

p. 12,



half of 1% of total domestic fishery pro-
duction.?? Then came a period of rapid
expansion. By 1980 the quantity of fish
and shellfish cultivated throughout the
nation equalled 4% of the total domestic
catch.?3

The recent impressive growth rate of
the American aquaculture industry is re-
flected further in Table 2. The total har-
vest of major cultivated species jumped
from 83.7 million pounds in 1979 to
148.9 million pounds in 1980.2% A major-
ity of this expansion, however, resulted
from the inland species catfish and trout.
In fact, the table indicates that coastal
aquaculture comprises 4 relatively small
portion of the overall industry.

Without further consideration, it might
be conjectured at this point that there is
little additional demand in the U.S. for
cultivated marine species. Perhaps our
fertile coastal zone provides adequate nat-
ural supplies of seafood to satisfy domes-
tic markets. Or maybe potential is limited
by the fact that the average American eats
only 13 pounds of fish products each
year. This value is a mere fraction of
Japan’s annual per capita consumption of
79 pounds, and well below the world-
wide average of 24 pounds per year.?s
These conjectures, although helpful in un-
derstanding our nation’s slow start in the
seafarming business, are not valid regard-
ing the patential of coastal aguaculture.
Large and profitable domestic markets
for fishery products cultivated in coastal
waters do exist, Table 3 indicates that in
1980 the U.8. imported 324 million
pounds of the types of seafood products
that could potentially be raised at coastal
facilities. The value of these imports ex-
ceeded 1 billion dollars.

Table 3
U.5. Imports of Cultivable Scafood— 1980

Pounds Value in

Imported Dollars

Species (millions} (millions)
Shrimp 219.3 193
Lobster 52.7 283.5
Scailops 209 *82.0
Oysters 17.0 2003
Salmon 5.7 14.3
Clams 5.5 6.9
Abalone 30 15.4
Tonal 324.1 1141.7

Source: U.S. Department of Commerce, *'Statistics
from Fisheries of the United States, 19860," in Ap-
pendix to The American Fisheries and Refer-
ence Book, 2nd cd. {Cambden, Maine: National
Fishermen, 1981}, p. 52.

If indeed the market exists, the ques-
tion temains as to why aquatic entrepre-
neuts have not filled this billion-dollar
niche. As in any fledgling industry, part
of the reason is the need for develop-
ment of new technologies. Yet ¢ven re-
garding those species for which technol-
ogy is adequate, coastal aquaculture op-
erations face many difficalt hurdles.
Seafarming’s potential impact on the
marine environment and upon established
commercial fishing has made it an ex-
tremely controversial subject in coastal
areas. The development of coastal aqua-
culture in the United States is impeded
by sociveconemic concerns, by biologi-
cal considerations, and by constraints of
the law.

A, Social and Economic Concerns

Major barriers faced by coastal aqua-
culture development stem from its po-
tential sociceconomic impacts. Many
coastal inhabitants fear that thriving aqua-
culture acrivities could economically un-
dermine the existing fisheries industry as
well as significantly alter the character of
their communities. The recalcitrance
growing from such concerns has tended
to inhibit acceptance of aquaculture
proposals along the nation’s coastlines. A
further socioeconomic barrier to aguacul-
ture has arisen from the difficulty faced
in financing the new enterprises. These
social and economic constraints to de-
velopment are examined in the follow-
ing sections.

Undermining Existing Markets

Despite the numerous success stories
of those who have built up a fishing fleet
from a single-boat operation, the fishery
business remains a risky venture for many.
Even in a year when the harvest is rela-
tively plentiful, success depends on an
adequate price for the catch. Consequent-
ly, any factor that threatens to under-
mine this market price is fought by those
whose livelihood depends upon selling
their fishery harvests. Coastal aquaculture
development is perceived as posing such
a threat 10 the commercial fisheries mar-
ket for two reasons. First, with aquacul-
ture output adding to the supply, the
natural tendency is for prices to fall un-
less there is a concurrent upward shift in
demand. This phenomenon reportedly
occurred in the European aquaculture
market during the 19705 when the real
price of three major cultivated species—
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Troll fishery, Charles-
ton, Oregon. Photo:
Jim Larison, Oregon
State University Sea
Grani College
Program.

French oysters, Spanish mussels, and
trout—fell dramatically as supplies in-
creased.?6 Second, fishery interests argue
that cultivated harvests are typically of
lower quality than natural catches. This
diminished quality could undermine the
reputation of seafood products, with
consumers then turning more frequently
to meat and poultry for their protein
intake. Those who advance this argument
point 1o artificial diets, chemical raints,
and the manipulation of the natural life
cycle of many cultured species as factors
that diminish quality.

Proponents of aquaculture reject the
argument that the quality of cultured
products would undermine the viability
of the seafood market. To the contrary,
with increased control and uniformity,
the overall quality of the product could
potentially be enhanced. In support of
this contention, proponents raise such
examples as cultivated mussels in Maine
that bring $18 to $25 per bushel, com-
pared to as little as $3.75 per bushel for

natural harvests.?” The price differential
results from the lack of grit and pearl in
the cultured product, and its high meat-
to-shell ratio. In addition, captive lob-
sters raised in warmed effluent from a
California power plant were judged to
have flavor comparable to that of wild
stocks and were considered more
tender.28

Aquaculturists also take issue with the
contention that the increased supply will
undermine market prices. They argue that
aquaculture output entering the stream
of commerce will tend to stabilize the
market and create a more reliable price
both for themselves and for the existing
fishing industry. Rather than simply lower-
ing the price, a steady flow of products
will encourage expansion of the seafood
processing and distribution network, with
consumers then coming to depend more
heavily on this now-reliable staple.

Despite the optimism of aguaculture
enthusiasts, the commercial fishing indus-
try generally views this new venture as a



threat to market prices rather than as a
welcome partner. The concern that
aquatic husbandry will displace existing
fishing operations in the seafood market
presents coastal aquaculture with a sig-
nificant and politically potent obstacle to
future development.

Altering Coastal Communities

The second sociceconomic barrier to
aquaculture development stems from its
potential impact on coastal communities.
Although seafarming operations typically
generate little pollution, they nonethe-
less have the potentizl for significantly
altering the character of coastal regions.
Most modern operations are capital-
intensive enterprises that require artifi-
cial structures in the tidal zone or along
coastal property. Those who value the
amenities of natural vistas and of fishing-
oriented communities see the effects of
widespread aquaculture development as
a threat to their quality of life. The loss of
limited coastal sites to semi-industrial fa-
cilities, the intrusion of such activities on
the aesthetics of the region, and the po-
tential harm to the existing character of
the fishing-oriented society lie at the heart
of local opposition to aquaculture
proposals.

Perhaps some of the resistance in coastal
communities would be overcome if aqua-
culture brought with it the certainty of
numerous new jobs. But modern aqua-
culture in the 1.S. carries no such prom-
ise due to its high capital input relative 1o
labor needs. Once construction is com-
plete, the demand for labor is generally
quite small. This fact, teamed with the
fear that jobs in fishing operations may
be undermined by scafarming, reinforces
opposition to its development. Aquacul-
ture’s potential for altering the character
of coastal zones is of further concern in
that the economy of a coastal region often
depends upon the synergistic relationship
between tourism and commercial fish-
ing. There can be little doubt that a vast
majority of wourists would prefer stroll-
ing through colorful wharf areas while
fish are being landed, to looking at aqua-
culture structures rising from the tidal

- flats. And certainly for most people, the
value of a weekend drive along the coast-
line is diminished when they are con-
fronted by additional construction.

Aquaculture proponents argue that such
concerns are exaggerated. The assertion
is made that with proper planning and
care, production facilities can be assimi-

lated intc the coastal zone without de-
grading its valuable environmental and
social characteristics. Regardless of the
validity of this assertion, the fact remains
that aguaculture development is perceived
by many coastal inhabitants as a threat to
the character of their community. It is
this perception, right or wrong, that has
created an additional barrier to aguacul-
ture expansion.

Difficulties in Financing

The first two sociceconomic barriers
to aquaculture development are partially
responsible for creating the third. The
controversy over aquaculture’s potential
impacts has added to the reluctance of
lending institutions to provide financial
support for seafarming ventures. The dif-
ficulty in attracting investors and lenders
will continue to impede aquaculture so
long as the uncertainty exists regarding
its acceptance by political bodies in the
coastal zone. It is not only the controver-
sial nature of the development, howev-
er, that creates the uncertainty. Financial
institutions and investors are leary of an
enterprise in which the associated tech-
nology is relatively unproved, as is the
casc in many aspects of cultivating ma-
rine species. Unfortunately, there are sev-
eral examples of lessons being learned
the hard way. One Fiorida investor who
attempted to promote a shrimp venture
sold out in 1981 after losing $6 million
over the previous twelve years,?® On the
other side of the continent, 2n attempt at
raising seed oysters likewise met with
financial disaster. In this instance, a
million-dollar loan came due prior to the
maturation of floating racks of oysters.
When harvest time finally arrived, there
were insufficient funds available to gather
the millions of oysters, The mature oys-
ters reportedly grew so heavy that they
sank the rafts, leaving only ripples and
the outstanding debt.3¢

Because of the high initial capital in-
vestment typically required by aquacul-
ture, the need for financing is critical,
Consequently, the difficulty in identify-
ing outside funding has inhibited partici-
pation by small operators in the U.S.
coastal aquaculture industry. As an ex-
ample, 2 small Oregon firm sold the be-
ginnings of a salmon ranching operation
to Weyerhauser Company in 1975, who
has since invested the $14.5 million in
capital necessary to get the program off
the ground.3! This instance and other
examples of corporate involvement,
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combined with the need for large capital
investments, have led to the characteri-
zation of coastal aquaculture in the United
States as “‘aquabusiness.”” This character-
ization in turn adds to the controversy
over the intrusion of aguaculture facili-
ties into the coastal zone environment.
The current harvesters of coastal fish and
shellfish see their livelihood and the life-
style of their community being subverted
by the threat of big business. Time will
tell whether such a fear proves valid.

B. Biological Impediments

In addition to socioeconomic barriers,
the aquaculture industry faces biological
constraints that may limit its potential,
Such constraints are difficult to sumima-
rize since each aquaculture operation will
encounter different biological impedi-
ments, depending upon the particular
methods used and the species being
raised. For instance, a seeded oyster bed
may operate for decades without encoun-
tering any biological problems, while
salmon ranching currently faces a num-
ber of such concerns ranging from an
insufficient egg supply to an overload of
the coastal carrying capacity. Despite the
diversity, the biological impediments
commonly confronting the aguaculture
industry can be categorized into two gen-
eral types. The first is the problem of
inhibited reproduction by species in cap-
tivity, and the second stems from strains
encountered in the natural ecosystermn.

Inadequate Reproduction

If all seafarming operations were as
easily restocked as the shrimp ponds along
the Thai coast, the development of the
aquaculture industry in the United States
and elsewhere could accelerate signifi-
cantly. In Thailand, the incoming tides
carry small shrimp through gated ponds
where they reach market size after four
to six months.3? Rarely is nature so be-
nevolent a provider, however, in coastal
aquaculure ventures, In fact, natural bi-
ological mechanisms commonly inhibit
the restocking of aquaculture operations.
Many species held captive in an artificial
environment fail to reproduce in suffi-
cient numbers to propagate the next gen-
eration required in aquatic husbandry. In
such cases, an alternative source must be
found to replenish the seed stock, typi-
cally through artificial propagation or
through importation of eggs or juveniles.
Yet each of these alternatives has its limits.

The biological constraint of inhibited
reproduction is demonstrated in several
cultivated species. An example is the milk-
fish, which constitutes an important
source of protein in the Philippines, Tai-
wan, and the Indonesian archipelago (ap-
proximately 150 million metric tons is
cultivated annually).?s When a milkfish is
raised in captivity, a fatty substance forms
over its reproductive organs and causes
them to atrophy. Consequently, the rais-
ing of this species is limited by the num-
ber of wild fry that can be caught each
year and placed in the rearing ponds. Eel
production is aiso restricted because of
the species’ inability to reproduce natu-
rally in captivity. In the case of the Jap-
anese eel industry, the cultured harvest is
currently constrained by the available
quantity of elvers imported from as far
away as Europe and North America.*4
Shrimp is another commercial species
whose reproduction problems in captiv-
ity inhibit successful aguaculture produc-
tion. Recent research, however, may help
to overcome this problem. It has been
discovered that removing a single eye
stalk of a captive shrimp ¢liminates the
chemical inhibitor responsible for disrupt-
ing its sexval maturation.3s Also, studies
indicate that spawning can be facilitated
by altering the temperature, flow rate,
and salinity of the water in which the
shrimp reside.

Despite encouraging scientific results,
innovative techniques for increasing seed
stocks may prove too costly or require
too much control to free the aquaculture
industry from the biological constraint
of reproductive limitations. Furthermore,
there is no guarantee that research will
provide the key to the artificial propaga-
tion of each cultivated species requiring
assistance. As the coastal aquaculture in-
dustry in the United States continues to
expand and diversify, it will doubtless
run into problems of insufficient seed
stock. Already this problem has been a
limiting factor in the salmon ranching
industry. Even with extensive importa-
tion, there are simply not enough salmon
eggs to supply the demands of existing
private operations,’ The California oys-
ter cultivation is another segment of the
industry that is unable to replenish its
own needs. As a result, seed oysters must
be brought in from other states, Canada,
and Japan.3?

Ecological Strains

The importation of eggs, fry, and other



seed stock leads into a second category
of biclogical impediments faced by coastal
aquaculture. Seeding the coastal environ-
ment with stock brought in from other
regions has the potential for adversely
affecting the existing ecosystem. Imported
eggs and fry may carry diseases to which
the indigenous population is susceptible.
The resulting outbreak could devastate
the natural environment and commercial
fisheries. It is further feared that imported
fish, by breeding with the natural stock,
may induce subtle genetic changes det-
rimental to the overall health and quality
of the species.

Widespread coastal aquaculture can also
strain the ecosystem simply from the
numbers involved. The marine environ-
ment is limited in its capacity to assimi-
late and support aquatic populations.
When too many individuals of a species
are introduced, an imbalance in the natu-
ral ecosystem can occur. The introduced
population may simply push out the nat-
ural species, or each may suffer from too
little food and space. Aquaculture in some
coastal zones may be limited by this re-
striction. If the carrying capacity of the
environment is exceeded by expanded
aquaculture inputs, the seafarming oper-
ation is doomed to failure, with concur-
rent harm to commercial fisheries as well.

A third strain on the natural ecosystem
results from the physical intrusion of
aquaculture facilities into fragile coastal
zones. Coastal marshes, tidelands, and
estuaries are of critical importance to
many marine species, providing a pro-
tected, fertile habitat for spawning and
rearing of the young. They also are prime
sites for aquaculture facilities. If an ex-
panding aquaculture industry should mo-
nopolize these important sites, there
would be a tradeoff between increased
fishery output from the facilitics and de-
creased production of natural popula-
tions,

Because of this environmental trade-
off, seafarming entreprencurs have been
faced with a barrier in identifying appro-
priate locations for their facilities. One
developer who searched 5,000 miles of
coastline in eight states for a shrimp cul-
tivation site abandoned the effort after
concluding that conservation laws made
it "'virrually impossible’ to lease suitable
tidelands.?® Although the developer may
have been 100 easily deterred, there is no
doubt that the regulatory scheme is ex-
tremely complex. This complexity as well
as other legal impediments comprise the
final set of constraints faced by coastal
aquaculture.

C. Legal Constraints

Regulatory Complexities

The extent of government control over
aquaculture varies significantly between
different countries. In some, such as the
Philippines and New Zealand, the indus-
try is extensively regulated, while aqua-
culture develapment in others receives a
freer rein. Canada, for example, has cho-
sen to implement few controls in order
to facilitate innovation within the grow-
ing aquaculture industry.3? In the United
States, aquaculture is only moderately
regulated compared to other activities
within the nation. There are, however, a
significant number of laws that face the
entrepreneur who wishes to farm U.S.
waters. More than twenty federal agen-
cies are involved to some extent in aqua-
culture regulation, with approximately
120 federal laws affecting the industry .4
Despite this large number, it is actually
the state governments which are respon-
sible for the vast majority of aquaculture
control. This fact arises from state juris-
diction over the coastal waters and re-
sources out to the three-mile limit.

In all coastal states, an aguaculture pro-
posal is met by numerous permit require-
ments involving various administrative
bodics at each level of government. With
today’s concern over safety and the en-
vironment, the list of agencies encoun-
tered can become quite lengthy. The state
agencies responsible for coastal protec-
tion, pollution control, food quality, and
wildlife maintenance are only the begin-
ning. A California abalone farm established
in 1972 ended vwp dealing with thirty-
seven federal, state, and local bodies be-
fore receiving full approval for its project.
The process took two years and cost the
company over $20,000 in fees and staff
time.#! In a typical aquaculture develop-
ment, additional costs can result from
compliance with permit requirements. A
capital investment may be needed to con-
form to control stipulations, and moni-
toring activities frequently must be a part
of ongoing operations.

The state of Hawaii leads the nation in
facilitating the aquatic entrepreneur’s jour-
ney through the regulatory maze 42 None-
theless, the process remains quite com-
plex even in paradise. The first step faced
by an aquaculture development proposed
along the Hawaiian coast is dictated by
the state’s Shoreline Protection Law. The
applicant must receive a Special Manage-
ment Area permit from the county au-
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thority responsible for shoreline protec-
tion. If the project includes facilities close
to the highwater mark, a shoreline set-
back variance must also be granted. In
addition, the county issues building per-
mits for any structural proposals, and a
grading perrmit is required when a poten-
tial for erosion exists. The County Board
of Water Supply becomes involved in
the permitting process if a well is planned,
while the County Planning Commission
must review the proposal for its consis-
tency with floodplain management.
Stricter structural regulations will be im-
posed if the project is deemed to lie in a
flood-prone or tsunami-prone area.

In addition to county regulations, the
number of required state permits is like-
wise great. For instance, a National Pollu-
tant Discharge Elimination System
(NPDES) permit must be received from
the state Department of Health prior to
the discharge of any liquid effluent from
an aquaculture facility. This department
is also responsible for issuing a Shellfish
Sanitation Certificate if an operation in-
volves the raising of clams, oysters, or
other shellfish. The Department of Land
and Natural Resources joins the process
of review when there is potential impact
on state historical sites. It also issues the
Conservation District Use permits for pro-
jects sited on submerged lands or within
other designated shoreline areas. A fur-
ther shoreline permit is required from
the Harbors Division of the Department
of Transportation, while the Department
of Agriculture becomes involved if im-
portation of non-indigencus species is
proposed. In addition, the Department
of Planning and Economic Development
reviews the application for consistency
with the state’s coastal zone management
plan.

In Hawaii and elsewhere, the list of
required permits continues. A permit from
the Army Corps of Engineers is necessary
whenever a proposal involves construc-
tion, dredging, or filling in navigable wa-
ters. If the project is sufficiently distuptive,
a federal environmental impact statement
may also be required. Regulatory com-
plexity in a state can be further com-
pounded by the competing interests of
the various agencies involved. For ex-
ample, the California Health Services De-
partment requires that floors on fish pro-
cessing plants be smooth to facilitate
cleaning, while OSHA stipulates that they
be rough to prevent employees from slip-
ping.#* Conflicts of more widespread sig-
nificance arise where an administrator

responsible for encouraging aquaculture
development runs into the policy of an-
other state agency designed to preserve
natural coastlines.

Jurisdictional Impediments

In most coastal states, fish and wildlife
departments have become the dominant
agencics regulating aquaculture. The leg-
islative decision to send aquaculture en-
treprencurs to wildlife administrators gen-
erally was made with little thought to
long-range planning. When the novel en-
terprise of aquaculture first came before
legislators, they simply passed it on to
the agency that already deait with fish.
The numercus other health, safety, and
environmental agencies naturally became
involved in the review process as well,
but the state fish and game department
typically would be responsible for set-
ting aquaculture policies. To many, this
legislative decision made as little sense as
having a wildlife department regulate cat-
tle ranching and farming. It was felt that
the mentality of those accustomed to
regulating the hunting and fishing of wild
resources was unsuited to establishing
policy for aquatic husbandry. Such was
aquaculture’s first jurisdictional im-
pediment.

As time passed, scafarming suffered fur-
ther from its inability 1o be neatly pi-
geonholed into a state’s institutional
framework. For the purposes of regula-
tion, it simply could not fit precisely into
any existing sector. Instead, aquatic hus-
bandry bounced within an administrative
triangle at whose vertices lay commercial
fishing, agriculture, and industrial activi-
tics. For some purposes, a seafarming
operation might be considered an indus-
trial venture, while at other times fishing

. or agricultural rules might apply. As a

result, aquaculture is currently faced with
regulatory constraints from three direc-
tions, but without benefiting from a di-
rect association with any of the sectors.
Fish ranching aptly demonstrates this dif-
ficult position. In Oregon, salmon ranch-
ers must be issued fishing licenses; fur-
thermore, their effluents are treated the
same as those from manufacturing plants,
while they receive neither the zoning
benefits nor the economic supports for
which a cattle or sheep rancher would be
eligible.

The aquaculture industry can be ex-
pected 10 continue to suffer from this
impediment of jurisdictional rootlessness
until it becomes identifiable as a sepa-



rate, politically influential entity. With
the recent rapid expansion of the indus-
try, aquaculture’s time may have alceady
arrived. After failing to pass in preceding
years, the National Agquaculture Act made
its way through Congress and was signed
into law in 1980.4¢ The Act recognized
aquaculture as a distinct activity, stipulat-
ing that it is in the national interest to
encourage its development. The statute’s
main thrust was to direct the Secretaries
of Commerce, Interior, and Agriculture
to design a national plan by early 1982 to
promote aquaculiure research and devel-
opment. It also established a federal coun-
cil to facilitate the effectiveness of federal
research and assistance programs.
Congress has yet to appropriate the
funds needed to carry out the National
Aquaculture Act's provisions. An inter-
agency committee, however, is present-
ing a proposal in the current legisiative
session to implement the Act. In connec-
tion with this legislation, the aquaculture
industry is reportedly lobbying for the
establishment of a national aquaculture
center to manage all future programs. 4
The lobby is also working hard for an
amendment of the Act to define aquacul-
ture as a form of agriculture. It remains (o
be seen whether aguaculture’s cause and
constituency have become of sufficient
import to compel congressional action.

Private versus Public Rights

A third legal barrier currently facing
aquaculcure arises from the conflict asso-
ciated with private enterprise’s intrusion
into a public resource, Being predomi-
nantly under public ownership, coastal
waters and tidelands have long been con-
sidered a resource that the government
must manage for the benefit of all. De-
velopments that contravene the public
right to traditional use of these coastal
areas cannot receive state approval. This
right, and the state’s duty to enforce it,
are embodied in the Public Trust
Daoctrine.

The roots of the Public Trust Doctrine
extend into English common law, where
the sovereign held title to all lands under-
lying tidal waters. Although the sover-
eign could transfer title of these lands to
individuals, common law established that
their use was to remain open for the
public good. This Public Trust concept
was developed in recognition of the im-
portance of unrestricted navigation and
the value of commercial fisheries 1o ail
scciety. In the U.S,, state governments

inherited this trust responsibility as a con-
sequence of their ownership of most
submerged land below navigable waters
out to a distance of three miles from their
shores.

The protection provided by the Public
Trust Doctrine was first articulated in
American jurisprudence in the case of
Hiinois Central Railroad v. Iliinois 4 In
1869, the lllinois legislature had granted
the rzilroad company title to more than
one square mile of Lake Michigan’s bed
offshore of Chicago. The Supreme Court
upheld the subsequent repeal of this grant
on the ground that the state could not
abdicate its trust over the submerged lands
if such action proved detrimental to pub-
lic navigation or fishing. This Trust Doc-
trine has since been asserted 1o protect
the public interest in marine coastal zones
as well.
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Deai Isiand, Mary-
land. In this small
hbatchery, scientists
and technicians from
the University of
Maryland and the
state's Tidewater
Fisheries Admini-
stration grow seed
oysters for planting
along the pubiic fish-
ing grounds of the
nortbern Chesapeake
Bay. Pholo: Skip
Brown, University of
Maryland Sea Grant
College Program.
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LS. Fish and Wild-
tife batchery, Spring
Creek, Washéngton.
Aquaculture facilities
require extensive
waterfront footage.
Fhoto: fim Larison,
Oregon State Univer-
sity Sea Grrant Col-
lege Program.

Aquaculture that encroaches upon tide-
lands squarely faces the restrictions of
the Public Trust Doctrine. In some aquatic
husbandry, however, such as in oyster
culturing in mud flats, the impact on the
public interest is of insufficient magni-
tude to invoke the doctrine. For such
activities the state may properly lease its
submerged lands to private enterprise.
On the other hand, where aquacultiure
operations require significant construc-
tion in the tidal zone or fencing to pro-
tect the ““crop,” a conflict may arise with
the public's right to navigation and fish-
ing. In such cases of extensive disrup-
tion, a court could invoke the state’s
trust responsibility and prevent approval
of the proposed development.

As our awareness has grown over the
importance of estuaries and tidelands to
the marine ecosystem, so too has the
potential application of the Public Trust
Doctrine expanded. Even though a par-
ticular tidal development may not directly
interfere with navigation and fishing, its
impact on natural spawning and rearing
sites for commercially important species
could in the long run harm ocean fisher-
ies. Consequently, the Public Trust Doc-
trine might be invoked to prohibit state
approval of such development in impor-

tant estuarine and tidal areas. Aquacul-
ture proposals are particularly vulnerable
to such attack, not only because of the
physical intrusion of their facilities on
tidelands, but also from their potential
for biologically impacting indigencus
species.

The Public Trust Doctrine has never
been applied further seaward than the
state waters and submerged lands adja-
cent to the coastline. Aquaculture in the
open ocean, however, is not without con-
troversy regarding private rights in a pub-
lic resource. Many feel that carving out
private rights in the bounty of the oceans
is anomalous to the historic concept that
the sea’s living resources are the com-
mon heritage of all citizens, There is con-
cern that if seafarming businesses are al-
lowed to graze the public's aquatic
pastures, we will be repeating the nine-
teenth-century mistakes made on the pub-
lic lands of the West. A new wave of
corporate robber-barons might be cre-
ated to reap huge profits from public
resources to the exclusion of the rest of
the citizenry.

Analogies and dramatics aside, there is
indeed a pressing issue involved with the
concept of the government granting per-
mizs for private exploitation of the ocean's



nutrients. Political pressures in states with-

powerful commercial fishing and envi-
ronmental lobbies may make legislatures
hesitant to support corporate proposals.
Such reluctance to allocate to private en-
terprise a portion of the sea’s finite ca-
pacity to nourish aquatic species may
prove to be a significant legal constraint
to aquaculture development. Already
there is one segment of the secafarming
industry in which this controversy has
come to a head—salmon ranching along
the West Coast.

* Kk k

1II. WEST COAST SALMON
RANCHING

Salmon ranching operations provide a
graphic example of the potential of coastal
aquaculture. Comparison of the required
capital investment to the amount of fish
potentially produced reflects the prom-
ise of vast amounts of protein and great
profits. In the past decade of actual ranch-
ing experience, however, it has been the
inherent problems of raising salmon that
have instead come to the fore. Biological
constraints teamed with legal and socio-
economic concerns have greatly impeded
the industry’s progress along the West
Coast. These impediments are examined
in subsequent sections in order to illus-
trate specific barriers faced by a particu-
lar type of coastal aquaculture, To assess
the problems of salmon ranching, how-
ever, one must first understand the spe-
cies' life cycle and the principles involved
in raising the fish.

A. Species of Pacific Salmon

The complex journey taken by Pacific
salmon from birth to death has made it
the subject of both intense scientific study
and religious worship. From ancient tribal
ceremonies to modern corporate labora-
tories, societies have long sought to fully
comprehend the coming of *‘the Salmon
People,” genus Oncorbynchus. Salmon
are anadromous fish, meaning that they
are found in both fresh and salt water
during different periods of their life cycle.
After hatching from eggs in the shallows
of rivers and streams, the salmon fry mi-
grate towards the ocean. For most spe-
cies of salmon, the journey seaward takes
from several months to years, during
which time they feed and grow in the
freshwater environment. As the juve-

niles approach the ocean, hormonal
changes help them adapt to the saline
waters of estuaries. They emerge into the
sez as '‘smolts,” typically a few inches in
length, and graze in the open ocean for
up to several years. The aduits then re-
turn to their area of birth 1o deposit their
eggs or sperm. After spawning, the Pa-
cific salmon die.

Although theories differ regarding the
origin of this impressive fish, many believe
that the complex life cycle of the salmon
resulted from the advance and retreat of
the Ice Age.4® Salmon are thought to have
evolved from freshwater fish that were
forced by the effects of inland glaciation
to adapt to the sea. Ice jams and heavy
siltation are factors that could have com-
pelied adult salmon to seek the marine
environment for survival. Dilution of
coastal waters with excessive glacial run-
off during warming periods may also have
played a part in the salmon’s evolution. It
is thought that the species first arose along
the North Atlantic coast, with subsegquent
migration to the Pacific via the Arctic
Ocean.

Five species of the Pacific salmon are
found along the western coasts of the
United States and Canada. (A sixth spe-
cies of Pacific salmon, the cherry or masu,
spawns only in Asia.) Although their mi-
gratory and spawning areas overlap, each
species has distinct characteristics. The
largest of the five is the chinook, which
generally favors the upper stretches of
large rivers for spawning. This fish, also
known 2s the king salmon, averages about
22 pounds at maturity, although some
adults weigh over 100 pounds. After
spending one to two years as juveniles in
fresh water, chinook live in the ocean
from four to five years before returning
to spawn. Chinook and coho are the two
most important species in the salmon
fishery off northern California, Oregon,
and Washington. Coho (silver salmon)
are smaller than chinook, averaging about
12 pounds as returning two-year-old
adults. Coho tend to spawn in the lower
stretches of coastal rivers during the late
summer and fall. Because of their size
and commercial value, chinook and coho
are prime candidates for ranching
operations.

The sockeye, or red salmon, is the
major commercial salmon species off
southern Alaska and Canada. Its life cycle
is unique in that the fry must migrate to
and reside in a lake before traveling to
the ocean. This particular need of the
sockeye may limit the practicality of rais-
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Rearing tanks for
young salmon at the
Ore-Agua salmon
aquaculture facility
at Springfield, Ore-
gon. The salmon

eventually are trans-

ferred to larger
ponds at the Spring-
field facility and
raised to smolt slage.
Phota: Tom Gentle,
Oregon State Univer-
sity Extenséion Ma-
rine Advisory
Program.

ing the fish in existing aquaculwre facili-
ties. On the other hand, the life cycle of
the chum (dog salmon) actually facilitates
ranching. Wild chum often spawn in es-
tuaries, with the fry emerging directly
into saline water. This feature eliminates
the need for a long acclimation to the
marine environment, and the returning
adults will not have to use up their edible
reserves fighting their way upstream to
spawn. Each of these factors adds to the
potential success of salmon ranching. The
chum's dependence on estuaries, how-
ever, has also contributed to its recent
demise. Its southern runs in Oregon and
California were nearly eliminated as
human activity and pollution intruded
upon the estuaries of this region.

The fifth species of Pacific salmon, the
pink or humpback, is the smallest and
least commerctally desirable in U.S. mar-
kets. It prefers northern climes, sharing
large runs with the chum in Alaskan wa-
ters. The pink fry head immediately to
the sea after hatching and spend two
years grazing before coming back to fresh
water to spawn. Because of their quick
adapuability to saline water, both the pink
and chum szlmon have been extensively
ranched in Japan and the Soviet Union.

In fact, of the 3 billion smolt released
into the Pacific from all ranching facili-
tics in 1980, 85% were chum and pink
originating mostly from Asia 49

B. Existing Ranching Operations

The green light to West Coast salmon
ranching was initially given by the state
of Oregon. Legislation was passed in 1971
allowing private enterprise to begin ranch-
ing chum salmon.*® Two years later the
ranching of chinook and coho was also
approved, with pink salmon added to
the list in 1979. Gver the past decade, the
Oregon Fish and Wildlife Commission
has issued twenty permits to private
ranchers for the annual release of 180
million smolt.3! This figure is more than
twice the number of juvenile salmon re-
leased by the state from its public
hatcheries.

Salmon ranches that have been licensed
under Oregon law take away from nature
the responsibility of hatching and rearing
the juvenile fish. A typical operation con-
sists of two facilities, a hatchery and a
release/capture site. At the first facility,
millions of fry are hatched from salmon
eggs then fed for several months until



they become ready for transfer to the
coastal release/capture facility. Provided
with an enriched food supply and warm
water, fry can grow at an accelerated
rate. For instance, it has been reported
that coho fry at Weyerhauser's facilities
reach releasable size in six months rather
than the year and a half required in the
wild.3?

Following their transfer to the coastal
release/capture facility, the juveniles are
held from a few days to up to five weeks
in order to acclimate to saline water and
to become imprinted with the odors and
location factors that will guide them back
to the facility as adults. They are then
released into an estuary or nearshore
waters as smolts (typically five inches in
length), and those that survive return in
from one to five years depending upon
the species raised. Only a small fraction
of the released smolts return as adults to
jump the fish ladder into the capture
facility. At existing ranching operations,
less than 1% of the released fish have
generally returned in subsequent years. 53
This small number of marketable adulis
currently creates much red ink in the
industry. Those involved in ranching,
however, expect the return rate to im-
prove as operating experience is gained,
with consistent returns of 2% to 5%
anticipated for the near future .54

Red ink has not been the only problem
facing the budding salmon ranching in-
dustry over the past years. In 1980, the
Oregon Fish and Wildlife Commission
suspended issuing further coho, chinook,
and chum permits for five years in order
to assess the environmental impacts of
ongoing operations.?* In other West Coast
states, ranching has been even more se-
verely restricted. Salmon in Washington
may be raised only in pens, while Alaska
limits private hatcheries to non-profit co-
operatives that are used primarily to sup-
plement ocean catches, California requires
a private salmon rancher to apply to the
state legislature in order to gain an opera-
tions permit. To date, only one applicant
has been successful in getting special leg-
islation passed for a permit, and its facili-
ties are sanctioned solely on an experi-
mental basis. 56

Governmental reluctance to embrace
salmon ranching has sprung from pres-
sures developed by two unanswered
questions: First, what effect would salmon
ranching have on the natural environ-
ment, and second, to what extent might
it adversely impact the existing commer-
cial salmon industry?

C. Impacts on the Natural
Environment

Despite the importance of salmon to
West Coast fisheries, many mysteries re-
main regarding this fish. Little is known
of the salmon’s specific feeding and mi-
gratory patterns during its years in the
open ocean, and science has yet to gaina
full understanding of the homing mech-
anism that brings it back to the stream of
its birth to spawn. There is also a knowl-
edge gap regarding the fuveniles’ habits
in estuaries and the precise chemical pro-
cesses undergone during their transition
into the marine environment. Without
answers to these many questions to help
guide development, it is feared thart the
introduction of vast numbers of ranched
salmon may significantly impact the nat-
ural environment. Of particular concern
is the potentially adverse effect on the
natural stocks of salmon, both through
genetic interference and through over-
loading the aquatic ecosystem.

Genetic Interference

Genetic interference with wild salmon
has been an issue ever since public hatch-
eries began to release fry to supplement
natural runs. It was feared that some
hatchery-released fish, instead of hom-
ing back o the facilities, might spawn
with natural populations and introduce
detrimental genetic characteristics. This
concern over straying was well-founded,
in that even in wild salmon the homing
mechanism is known to malfunction. In
coho stocks, it is estimated that between
5% and 15% of the returning adults
spawn in streams other than the one of
birth.5? But this phenomenon, under natu-
ral conditions, actually is of benefit to
salmon populations. The small degree of
straying creates a mixing of the natural
gene pool and also allows for replenishing
runs which have been decimated by dis-
ease or disaster. For instance, salmon
straying from other streams would even-
tually restock the Toutle River runs elim-
inated in 1980 by the explosive eruption
of Mount St. Helens.

By selecting eggs from local sources,
public hatcheries have attempted to min-
imize the potential for straying and up-
setting the natural genetic processes. Pri-
vate salmon ranching operations, how-
ever, have generally not been able 1o
implement this safeguard. Local egg sup-
plies have failed to meet the ranchers’
demands; thus, salmon eggs have been
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Burnt Hill Salmon
Ranch on the south-
ern Qregon coast.
This ranch is unigue
in that its saimon
are released directly
into the ocean. Re-
turning salmon re-
enter the shoreside
Sfacility, bypassing
the upstream trip (n
Jjresb water. Photo:
Tom Gentle, Oregon
State University Ex-
tension Marine Advi-

sory Program.
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imported from as far away as Japan. To
what extent this artificial introduction
might adversely impact the genetic char-
acter of wild stocks is unknown, The
concern over this unanswered question
is greatly compounded by indications that
the homing mechanism of imported
salmon breaks down with greater fre-
quency, resulting in significant straying
and spawning away from the release/
capture facility.s® Consequently, salmon
ranching not only introduces an artifi-
cially imported gene pool, but the in-
creased incidence of straying multipties
the potential for cross-breeding with in-
digenous stocks. It is feared that such
interference may reduce the vitality of
the natural populations and cause further
depletion of salmon runs along the West
Coast.

Carrying Capacity Overload

The second major concern over the
impact of salmon ranching on the natural
environment stems from the introduction
of millions of smolts into the coastal zone.
A private release/capture facility typically
discharges into an estuary where the smolt
adjust to the marine environment before
heading to sea. There is some concern
that the delicate balance in an estuarine
ecosystem could be upset by such an

influx of smolt. Not only could the natu-
ral stocks of young salmon be adversely
impacted by increased competition, but
the entire food chain might be strained,
with unknown consequences on other
aquatic species.

Even after the smolts journey into the
ocean, there have been indications that
the carrying capacity may not suffice to
support the introduction of cultured
salmon. This worrisome conclusion has
resulted from analysis of coho runs rela-
tive to the number of juveniles released
from public hatcheries. Figure 1 shows
that when Qregon hatchery output in-
creased during the 1960s, coho popula-
tions off northern California and Oregon
(called the OPI Area) grew correspond-
ingly. In early 1970, however, a point
was reached where additional hatchery
releases did not result in increased pro-
duction. Cohoabundance in fact has fallen
over the past decade even as hatchery
releases rose.

Although a variety of factors may be
involved in this decline, Figure 2 indi-
cates that the amount of nutrients made
available by ocean upwelling may be the
limiting factor in coho production. When
upwelling (caused by steady northeast-
erly winds) brings up nutrient-rich bot-
tom waters, the ocean ecosystem is able
to support more salmon smolt. 1t appears
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from the data that in years of little up-
welling, fewer fish survive to maturity
despite increased releases from haicher-
ies. The smolt may either starve or re-
main vulnerable to predation longer due
to a decreased growth rate from lack of
food, i

Because of this possibility that hatch-
ery releases have strained the ocean’s
carrying capacity, the state of Qregon
has rolled back the number of coha smolt
permitted to be discharged from both
public and private facilities. It is not yet
established whether private ranching of
other culwred salmon species will like-
wise require curtailing as a result of over-
loading the marine environment,

Figure 1

Trends of Cohe Abundance Compared with Smolts Released
from Hatcheries (3-Year Moving Average) in QOP1 Area.

very companies whose past careless log-
ging practices choked off many prime
salmon runs are now stepping in to cash
in on the unfulfilled consumer demand
for the fish.

The undermining of the commercial
salmon industry by aquaculture would
have potentially far-reaching socioeco-
nomic repercussions in the coastal zone.
Salmon catches have historically played
a unique role in the development of the
West Coast fishing industry. As explained
by one veteran from the Oregon coastal
community of Newport: *‘You go down
to the waterfront and ask any owner of a
boat more than sixty feet long how he
got started. Ninety-nine percent of them

Figure 2

QOP1 Area (3-Year Moving Average}.

Adults{Millions), Smolts (10 Midlions)
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D. Impact on Commercial Fishing

Despite the gravity of the associated
environmental concerns, even more vo-
ciferous opposition to salmon ranching
centers around its potential impacts on
the existing commercial salmon indus-
try. The social and economic problems
inherent in aquaculture (discussed in Sec-
tion 11.A.) are particularly acute regard-
ing the raising of satmon. Commercial
salmon trollers percejve ranching as a
threat to their market price, to their right
to catch fish, and to their very livelihood.
The genuine fear exists that successful
salmon ranching businesses could com-
pletely displace ocean harvesting in a
competitive market where fuel and main-
tenance costs continue to climb. Dis-
placement of salmon fisheries by aqua-
business would be particularly resented
because of the involvement of large tim-
ber companies in salmon ranching de-
velopment. It is seen as ironic that the

will have started as a salmon troller. That’s
a good apprentice system—I wouldn't
want to lose that. That's the only way
yOu can get started. 1f that fishery goes, a
lot of the other fisheries are going (0 be
hurting for fishermen,''s®

The commercial fishing industry has
proved that it is capable of more than
simply words when it comes to protect-
ing the salmon trollers. When Crown
Zellerbach Company was issued a salmon
ranching permit by the Oregon Fish and
Wildlife Commission in 1979, the Feder-
ation of Independent Seafood Harvesters
(FISH) filed suit to rescind the state ac-
tion. The fight had begun,

E. The Legal Conflict

The events leading up to the case of
Federation of Independent Seafood Har-
vesters v. Oregon Fish and Wildlife Com-
mission®® commenced when Crown
Zellerbach applied for a salmon ranching
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permit in December, 1977. The request
was made to the Department of Fish and
Wildlife for the annual release of several
million coho and chincok smaolt into the
Tillamook Bay estuary. Under Oregon
administrative law, a public hearing was
required in considering the application.
Prior to the hearing, held in November
1978, FISH petitioned to intervene in
opposition to the requested permit. Ad-
ditional interveners included the All-Coast
Fisherman’s Marketing Association and
the Oregon Environmental Council, a pri-
vate organization concerned with salmon
ranching’s impact on the natural eco-
system.

The Administrative Hearing

At the hearing, FISH and the other
interveners attacked the permit on two
legal grounds. First, they argued that the
Crown Zellerbach permit would contra-
vene the directive in section 508.710(1)
of the Oregon Revised Statutes that: *‘No
permit shall be issued which may tend to
deplete the natural runs of anadromous
fish or any population of resident game
fish.” FISH alleged that since scientists
are currently unable to determine the
actual impacts of releasing millions of
smolt into the estuary, any permit to do
so ‘‘may tend to deplete” existing fish
populations. Under this statutory inter-
pretation, an applicant could receive a
ranching permit only after meeting the
burden of proving that its salmon opera-
tion would not harm indigenous fish.
Because Crown Zellerbach and the state
lacked the data to make such a showing,
FISH contended that the permit request
should be denied.

The inability to prove that the pro-
posed smolt release would not harm the
estuarine environment also provided the
grounds for the second legal challenge at
the hearing. Goal 16 of the Oregon land
use planning standards requires that state
agencies must “‘recognize and protect the
unique environmental, economic, and so-
cial values of each estuary.”’¢' FISH ar-
gued that this clause commanded the
Fish and Wildlife Commission to identify
and ameliorate any potentially adverse
impacts prior to permitting salmon ranch-
ing to proceed in the Tillamook estuary.
Since the impacts were unknown, the
agency would be unable 1o achieve the
prerequisite to permit issuance,

The Oregon Fish and Wildlife Com-
mission chose not to interpret the statute
and Goal 16 in the restrictive manner set

forth by the interveners. After reviewing
the hearing proceedings, it granted the
permit to Crown Zellerbach under the
following reasoning:

Conclusion of Law

Because of the lack of conclusive
evidence as set forth [in the findings]
it is impossible to determine at the
present time whether or not the is-
suance of the proposed salmon
hatchery permits would violate ORS
508.710(1)}4), or Sutewide Planning
Goal 16.

Order

Since it appears that the only way of
determining whether or not Appli-
cant’s proposed program will have a
detrimental effect on the estuarine
resources is to conduct an experi-
mental hartchery release program,
coupled with adequate testing and
monitoring, it is ordered that the
proposed Chinook and Coho salmon
hatchery permirs for five miilion fish
each be issued subject to [detailed
conditions to be met by Crown
" Zellerbach.]52

Judicial Resolution

FiSH appealed the order of the Com-
mission, with the case eventually being
carried to the Oregon Supreme Court.
On December 2, 1980 the Oregon assis-
tant attorney general and counsel for
Crown Zellerbach appeared before the
court in favor of upholding the permit,
FISH, All-Coast Fisherman's Marketing As-
sociation, and the Oregon Environmen-
tal Council argued against the permit on
the grounds previously set forth ar the
hearing. In August of the following year,
the court ruled in favor of FISH's posi-
tion, stating that the permit was invalid
because it “may tend’” to harm existing

“fish runs and it contravened the estua-

rine protection standard of Goal 16. No
permit, not even on an experimental basis,
could be granted until the Commission
“affirmatively finds that permit issuance
will not be injurious to existing fish
populations.’’¢3

This high standard of proof dictated
by the supreme court essentially fore-
closes the further development of salmon
ranching in Oregon estuaries under exist-
ing statutes. It is difficult to conceive that
science can provide absolute proof that
the release of millions of smolt into an
estuary will not tend to deplete existing



populations to some extent. Yet this is
now the prerequisite to salmon ranching
required by law. Furthermore, other
coastal aquaculture ventures may be in-
hibited as well by the second element of
the court’s restrictive holding. The court
affirmed that Oregon agencies have a duty
to make findings that their actions are
consistent with state land use Goal 16. A
finding merely that “evidence is incon-
clusive’ regarding the impacts of a pro-
posal was held to not meet this duty.®
Instead, an agency is required to conclu-
sively identify and assess a proposed
coastal development’s impact on the es-
tuary prior to permit approval. Such a
restriction under Goal 16 may prove par-
ticularly constraining to the infant aqua-
culture industry where many subtle ques-
tlons remain regarding its potential effect
on estuarine ecosystems. Likewise, if the
court maintains its stance that definitive
findings be made consistent with all state
land use goals, seafarming may also be
restrained by Goals 17, 18, and 19, which
protect shorelines, dunes, and ocean re-
sources.®s Consequently, all coastal aqua-
culture in Oregon—not just salmon
ranching—may have been dealt a severe
blow by the 1981 holding in Federation
of Independent Seafood Harvesters v.
Oregon Fish and Wildlife Commission.

* %k %k

IV. A NEED FOR PLANNING

The salmon ranching experience in Or-
egon foreshadows many of the pitfalls
that await future coastal aquaculture de-
velopment in the United States. The bio-
logical and socioeconomic impacts of
seafarming result in a legal web that may
increasingly inhibit the expansion of the
industry. If aquaculture is to play a signif-
icant role in supplying our nation’s food
supply, farsighted planning will be nec-
essary to facilitate its progress.

The Oregon Supreme Court, in rescind-
ing Crown Zellerbach’s ranching permit,
indicated where the key lay to opening
the door to aquatic husbandry. As stated
in that case, if a current law proves too
restrictive to allow for development, “it
is the legislature’s prerogative to rewrite
the statute.”’$ With such power vested
in state legislatures and Congress, these
bodies will undoubtedly be the focus of
much aquaculture lobbying. Already
many suggestions have been made for
statutes to promote aquatic husbandry.

Proposals have included laws to facilitate
acquisition of suitable coastal sites, to
provide for reduced power and water
rates, and to make agricultural types of
incentives available to aquaculture devel-
opment.5? It has also been recommended
that treaties be drafted to regulate the
international trade of seed stock to pre-
vent importing diseases and parasites. 5
The list of statutory particulars designed
to aid seafarming can become quite
lengthy. Before lawmakers can effectively
deal with the specific legislative needs of
the industry, however, it will be neces-
sary to address the underlying policy
question on which the future of coastal
aquaculture hinges: To what extent
should private rights for aquaculture be
created in the ocean and coastal zones?

A. Delineating Rights

Section ILC. presented the issues in-
volved in the controversy over private
enterprise’s intrusion into a historically
public resource. The public-versus-private
rights conflict was seen to arise from two
major factors. The first involved the states’
trust responsibility to manage coastal wa-
ters and submerged lands in a manner
consistent with the public good. The sec-
ond stemmed from the issue of allocating
a portion of the finite carrying capacity
of the open ocean to specified private
developments. Lawmakers must squarely
face these issues to determine if coastal
aquaculture wiil be allowed to expand
and bring a significant amount of protein
to the nation’s tables.

Proponents of aquaculture argue that
the benefit that coastal aquaculture po-
tentially provides to society justifies the
allocation of public resources to private
development. Certainly, it seems consis-
tent with the Public Trust concept to use
the coastal zones for supplementing the
food supply available to the citizens of
our country and the world. Should the
incidental profits flowing to corporate
coffers make 2 difference in weighing the
desirability of such use of public resourc-
es? Concurrent private profit has not been
a bar in the past. Numerous private tide-
land developments have been permitted
s0 long as, in addition to the developer’s
gain, some public benefit was created
(e.g., increased housing; a place to dump
muticipal waste). For example, a recent
plan to extend a communty’s airport run-
way into an estuary to accomrmodate a
private airline's new jets survived a court
challenge based on the Public Trust Doc-
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trine.® The court ceasoned that alihough
the airline stood to profit from the pro-
posal, the runway extension held suffi-
cient community benefit to justify such
use of the state’s tideland.

From past judicial interpretations, it
appears doubtful that the Public Trust
Doctrine will bar widespread use of the
coastal zone for aquaculture facilities if a
state legislature makes a commitment to
promoting such development. But legis-
lators must still grapple with the thresh-
old question of whether to allow private
aquaculture to use limited coastal sites
and resources. If so, to what type of
enterprise should the permits be issued?
Do publicly held corporations deserve a
preference over partnerships and other
operations in which only a few individu-
als profit? Perhaps some sort of state fund
could be established to which the per-
mittees would be required to contribute
a portion of their net gains. Or is it suffi-
cient merely to charge annual payments
for the use of publicly owned tidelands,
as is currently done with leased oyster
beds?

Such questions will face lawmakers as
they address the issue of coastal aguacul-
ture in nearshore waters and submerged
lands. As aquaculture turns farther sea-
ward, additional issues of public-versus-
private rights will arise. As previously
discussed, objections to the use of the
open ocean for grazing by salmon ranch-
ers have already arisen. Does such pri-
vate use constitute an unfair exploitation
of a public resource? Aguaculturisis con-
tend that grazing their stocks in the ocean
is no more exploitive than is the current
practice of harvesting natural populations.
Partnerships, corporations, and individ-
ual members of the commercial fishing
industry are already reaping private prof-
its from the seas’s resources. Furthermore,
salmon cultivators argue that their ranch-
ing operations are in fact paying a ‘‘rax”’
for the use of public waters. This pay-
ment comes in the form of the large
number of returning fish that are caught
in the commercial and recreationai fish-
eries, Statistics show that salmon homing
back tc Oregon ranching operations do
contribute a significant portion of the
total ocean harvest. More than 20% of
the ¢oho salmon caught in 1982 off Ore-
gon and northern California is expected
1o have originated as smolt from private
ranches.” Legally, these fish (estimated
to be nearly 200,000 adults) will belong
to those who catch them, not to the
ranchers who previously hatched, reared,

and released them as young saimon.

This public privilege to reap the profit
from the efforts of private interests adds
an additional twist to the controversy
over coastal aguaculture. As legislators
struggle with defining the extent of
aquaculturists’ rights to utilize public re-
sources, they must also determine to what
extent the public may dip into the fruits
of seafarming efforts. The political pres-
sures are expected to prove significant as
corporate Operators attempt to protect
their investments from public intercep-
tion. Anticipation of such pressure was
in part responsible for the recent defeat
of salmon ranching legislation in the State
of Washington. This concern was re-
flected in one elected official’s warning
that “‘[no] one should be naive enough to
think that corporations are going to raise
fish for someonc else to harvest . . . .
Should fish ranching ever be enacted,
you can be certain that laws to protect
‘their’ fish would soon follow .7

There is surely room for argument in
this legislator’s contention, but one thing
is decidedly clear. If coastal aquaculture
is to assimilate smoothly into our nation’s
economy and society, it will be neces-
sary 1o resolve the conflict between pri-
vate and public rights. State governments
as well as federal bodies must weigh the
tradeoffs involved and develop a clear
policy towards aquatic husbandry. If a
state decides that it is not advisable to
commit the use of its public resources to
aquaculture enterprise, then this policy
determination should be espoused quick-
ly. Otherwise, wasted effort will go into
planning private seafarming ventures
which are doomed to eventual prohibi-
tion. If, on the other hand, aquaculture is
deemed a desirable addition to a state's
cconomy, the legisiature should establish
guidelines so that the budding industry
can know what to expect regarding its
right to use the ocean and coastal zones.

B. Regulatory Simplification

In addition to delineating the extent of
private aquaculturists’ rights in public re-
sources, a state legislature must take a
second major step if it decides to pro-
mote seafarming. This involves simplify-
ing the regulatory process through which
2 developer must journey. “Regulatory
Complexities’’ in Section I1.C. demon-
strated the intricacy of the procedure for
receiving permission to cultivate aquatic
spectes. Experience has shown that many
potential aquaculturists are deterred from



pursuing their plan by the plethora of
agencies, permits, and paperwork en-
countered. If the legisiatures of coastal
states wish to attract additional participa-
tion in the agquaculture industry, most
must consolidate their permitting proc-
ess into a more manageable framework.

Regulatory streamiining would do far
more than simply reduce a bit of incon-
venience for the aquaculture applicant.
The costs and time involved in the per-
mitting process provide significant ob-
stacles to businesses contemplating entry
into the field. Also, the complexity of the
process creates uncertainty over the suc-
cess of the permit requests, thus making
financial backing more difficult to attract.
Each of these barriers proves particularty
debilitating to small businesses interested
in aquatic husbandry. Without internal
financial capabilities or legal and manza-
gerial staffs, an operation rarely can sur-
mount the regulatory hurdles that are
faced. As concluded by one commenta-
tor, the choice available to state govern-
ments is to either simplify the process or
consign aquaculture solely to the large
corporate operators who can afford high-
priced attorneys,”2

There are several measures available
for simplifying the aquaculturist’s quest
for project approval. One of the most
cbvious and superficially attractive is sim-
ply to reduce the number of permits re-
quired. Such a move, however, is more
easily said than done. Each of the permits
administered by the varicus agencies is
normally designed to protect either pub-
lic health, safety, or environmental quali-
ty. Consequently, it is difficult to elitninate
particular permits without risking an in-
creased degree of harm. What can be
safely achieved, however, is consolida-
tion. Both efficiency and timeliness can
be promoted through combining similar
aspects of the procedure into a single
requirement.

A prime example of regulatory consol-
idation is the joint hearing procedure. If
more than one agency requires a hearing
prior to issuing an aquaculture-related
permit, the proceedings can be joined to
alleviate hardship on the applicant. At
the single joint hearing, representatives
from each agency wouid be present to
scrutinize the seafarming proposal and to
question the applicant. Not only would
such consolidation ease the burden on
the hopeful aquaculturist but it could
also help reduce interagency conflicts
that can arise when permits are issued
independently.

Another means of consolidation would
be o designate 2 lead agency as the sole
contact for aquaculture applicants. After
receiving the permit request, the lead
agency would determine which other ad-
ministrative agencies are required to be
involved, and forward the seafarming re-
quest for their review. This model can
have two variations. Either each of the
contacted bodies independently decides
whether to issue its respective permit
and informs the lead agency of the deci-
sion; or each body merely makes rec-
ommendations to the lead agency, which
then formulates the final determination.
In both alternatives, the seafarming ap-
plicant’s job is simplified by interacting
with only one body. A greater burden,
however, is placed upon the state admin-
istrative system in this model. The lead
agency is saddled with the responsibility
of ensuring that the proper agencies are
contacted and that the permit review pro-
cedure is carried through to completion.

If the legislature feels that these con-
solidation measures of joint hearings and
lead-agency designation are too burden-
some to administer, other means of regu-
latory simplification are possible. For
example, an individual within each agency
could be designated the aquacultural spe-
cialist who handles all seafarming-related
matters reaching the particular agency.
Establishing such a network of specialists
in the state’s administrative system could
result in greatly expediting the overall
aquaculture permitting process. Also,
deadline regulations could be promul-
gated 1o require timely action to be given
to aquaculture permit applications. Such
deference to seafarming would be easily
justified in light of the policy in many
coastal states to give water-related activi-
ties a preference when allocating lirnited
coastal sites and resources.” In the allo-
cation process, housing projects and other
developments that do not require marine
resources become subordinate to propos-
als that are intimately tied to the coastal
environment.

As 2 flnal method of simplification,
each coastal state that elects to promote
aquatic husbandry should develop a con-
cise, readable summary of the steps re-
quired to be taken in order to acquite all
the necessary permits. Hawaii is one state
which has already compiled such a
guide.”® In attempting to reduce the
aquaculturist’s regulatory burden, the
state first acknowledged the need for ex-
tensive permits and procedures to safe-
guard the coastal environment. But it
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{7.5. Fish and Wildlife
baicbery, Spring
Creek, Washington.
Photo: Jobn Hyde,
Oregon State
University Sea Grant
College Program.

also recognized the hindrance to aqua-
culture posed by an uncoordinated set of
requirements. As concluded by the state
director of Economic Planning and De-
velopment, “‘when controls strangle en-
thusiasm for an honest profit in an
honorable enterprise, there is something
seriously wrong.''"*

C. Conclusion

In reviewing the literature on coastal
aquaculture, one encounters an un-
bounded enthusiasm for analogies. Pro-
ponents of seafarming are fond of com-
paring the current state of the commercial
fishing industry to the frontier days in
the western U. S. when the land’s wild
food resources were merely hunted and
gathered. They then point to the dis-
placement of these inefficient methods
by modern farming and ranching prac-
tices, questioning just how far our nation
could have developed on beaver, bison,
and berries. The analogy is drawn that
“primitive’’ methods of harvesting the
ocean must likewise give way to efficient
cultivation and husbandry techniques.

Not surprisingly, critics of aquaculture
see the analogy unfold in a2 somewhat
different manner. True, the current ocean
fishers are similar to frontier hunters and
trappers who reaped nature’s harvests.

But they see these rugged individuals as
having been pushed out by corpotrate
robbers who plundered the public lands
of the West in search of profit. From
railroad barons to lumber magnates, the
searchers proved quite efficient in their
quest. Opponents of aquaculture com-
pare this nineteenth-century quest to the
current desire of aquabusiness to utilize
public resources in the ocean and coastal
zones. The analogy concludes with a pic-
ture of additional plunder and profit at
the expense of the public interest.

It is questionable whether either of
these analogies alone serves much pur-
pose in illuminating the issues facing
coastal aquaculture. Together, however,
they aptly presage what lies ahead in the
political arena. As the fledgling aquacul-
ture industry matures, the vociferous con-
flict between competing interest groups
can be expected to grow even more in-
tense. This observation punctuates the
need for legislative planning that antici-
pates problem areas and ameliorates po-
tential controversies before they ripen.
Perhaps with such foresight, aquaculture
can becorne a beneficial addition to coastal
regions without disrupting either exist-
ing commercial fisheries or the environ-
mental amenities valued by society.

* k ¥
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