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Fig, 1 - Many marine fishes nonnally range thousands of miles 
through the rich pastures of the sea. However, some of them 
can be grown in dense concentrations in large floating or sub
merged pens and diked ponds. Some species, such as the 
salmon in this pen, must be fed specially prepared foods to 
produce rapid growth. 

new water' must carry, in addition to oxygen, 
either sufficient food organisms or nutrients. 
Flushing must be adequate to remove or dilute 
wastes to tolerable levels. 

One variant of grazing is open -range cul
ture in which spatial restraints are unneces
sary. In mariculture, an open range is pos
sible with anadr om ou s species, such as 
salmon, which undertake predictable homing 
migrations. Young, hatchery-reared finger
lings, imprinted by the fresh water in which 
they have been reared, return to the rearing 
site after several years of growing and fatten
ing in the sea. Fishery scientists are now 
armed with new insights into the effects of 
juvenile rearing conditions on the behavior 
and survival of adults at sea. They believe 
thatitmaybe feasible--by carefully control
ling rearing conditions for juvenile salmon--
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Fig. 2 - Valuable shellfish can be cultivated in great densities in 
our estuaries, where they "graze " on the plankton-rich waters. 
In Spain, bay mussels are grown on ropes 6 times longer than 
the one shown here, and produce "crops" of over } million 
pounds of whole mussels per-surface-acre in 1 year. 

to increase significantly the number returning 
to homing sites and, to a limited extent, to 
influence the distribution of adults at sea. 

For example, recent studies by the Wash
ington State Department of Fisheries lead us 
to suspect that coho salmon from Puget Sound 
hatcheries, held and fed beyond their normal 
release date in April until July 1, do not mi
grate tothe ocean as dotheir siblings released 
earlier. Instead, they stay in Puget Sound to 
grow to adulthood, thereby becoming more 
accessible to local sport and commercial 
fishermen. 

Hatcheries 

For hatchery production of eggs, larvae, 
and small organisms requiring neither large 
amounts of space nor large volumes of water, 
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methods have proved useful in which part of 
the water is recycled after treatment to re
move wastes, inactivate deleterious micro
organisms, and to replace oxygen. An ad
vantage to be gained from recycling is the 
relative ease and economy of controlling the 
water temperature, thus allowing control 
over the rate of development of eggs and lar
vae. This makes it possible to stagger the 
planting of juveniles to extend the harvesting 
period. 

PRODUCTS OF SEA FARMING 

Salmon 

Recent experiments have been conducted in 
Puget Sound by the National Marine Fisheries 
Service (NMFS). In salt water of the proper 
temperature and sufficient flow, and with ap
propriate feed, it was possible to rear coho 
salmon from fingerlings weighing 5 to 10 g to 
marketable fish weighing 300 g in 6 months 
with negligible losses. Conversion of feed 
was efficient - -better than one unit weight of 
growth for each two of feed. 

Fig. 3 - These coho salmon were "farm-grown" in the sea at a 
NMFS research station near Manchester, Wash. When placed 
in saltwater pens, they weighed !. of a pound. Fourteen 
months later, when "harvested, " th~~ weighed over a pound. 
More than 700 of these fish have been shipped to many sections 
of the United States to test consumer reactions. 

Clear, fresh water is required for the in
cubation of salmon eggs and for the rearing 
of young until they start feeding. Ideally, the 
water temperature should be between go and 
12 0 C. Partially recycled water can be effec
tive at this stage. The fry can be reared to 
about 10 g most efficiently in slightly brackish 
water. Brackish lagoons might be used in the 

spring--before th onset of high summer 
temperatures and when the fish are still small 
so high volumps of flow are not yet necessary . 
Most likely, feeding would b necessary, but 
substantial die tar y suppl mentation could 
come from natural food in such lagoons. In 
the final stages, the fish would be reared from 
10-g fingerlings toamarketable size of 300 g, 
or for breeding (reared to several thousand 
grams or more). For these stages, floating 
pens made of netting, moored in saltwater 
bays, sounds, and tidal estuaries, are suitable. 
For saltwater rearing, acceptable tempera
ture limits are 50 and 150 C, the optimum 
about 12 0 C. 

Heat from th discharges of electric power 
stations could provide oppor+unities for Im
proving conditions where cold water in the 
winter would preclude optimum growth rates . 
At the other end of the temperature scale, cool 
subsurface waters might be circulated econo
mically to the surface where summer temper
atures are too warm. 

NMFS Experiment Station 

At the NMFS Experiment Station at Man
chester, Wash., ways are being developed to 
utilize the energy and 100d naturally available 
from the waters of Puget Sound. Fresh water 
for our hatchery and nursery systems is 
drawn from a creek and piped for about 800 m 
beneath a small bay to a delivery site at the 
end of a pier. Since the annual temperature 
range of the salt water at the bottom of the 
bay is conSiderably less than that of the creek, 
the piped creek water is cooled in the sum 
mer and warmed in the winter. To take ad
vantage of tidal currents, saltwater rearing 
pens are placed where current velocities fall 
betweenO.05andO.5knot;this is sufficient to 
gi ve a good exchange of water in the pens with
out exerting excessive lateral pressure on the 
nets, or stress on the mooring system. Dur
ing periods of the growing season when there 
is an abundance of plankton suitable for food, 
underwater lamps are used to attract the 
plankton either directly into the pens or to 
the intake of a plankton pump. 

On the basis of the salmon feed lot e~peri 
ments, it appears that the western shor e of 
the Sound's central part ;-inc1uding Admiralty 
Inlet, has the best potential for rearing salm on 
in salt water. High bluffs provide exce lle nt 
protection from the southwesterly s torms 
that prevail in winter . Moreove r , there are 
relatively few large communitie s and indus
trial developments on the western s ide . 



Oysters 

For oysters, the situation is more com
plex. To replace native stocks virtually elim
inated by pollution earlier in this century, 
most Puget Sound oystermen import seed 
from Japan and Korea. Although water con
ditions are g en era 11 y favorable in Puget 
Sound, appropriate spawning conditions can
not be relied upon. So the imported seed is 
necessarytomaintainthe stocks. The physi
ological processes associated with growth 
seem to be out of phase with those associated 
with reproduction in these oysters, which are 
attuned to different conditions prevailing in 
Asian waters. In maturing Japanese oysters 
planted at the heads of inlets in southern 
Puget Sound, physiological stresses appear 
to accumulate during the second summer, 
resulting in high mortalities. Otherwise, the 
waters of these inlets are well suited for 
them. Recent studies show that delayed plant
ing' better preparation of oyster beds to re
duce turbidity close to the bottom, moving 
oysters before their second summer from 
beds at the heads of the inlets to cooler wa
ters near the entrances , and suspended cul
ture techniques to take advantage of deeper 
water should significantly reduce summer 
mortalities and promote production of higher 
quality oysters. 

Current construction by the Lummi Indians 
of a shellfish hatchery on their tribally owned 
tidelands near Bellingham, Wash., is very 
encouraging. If successful, it should im
prove the prospects for mass production of 
the seed of mortality-resistant stocks. The 
basic techniques for producing oyster seed 
are applicable to other molluscs such as 
clams, scallops, abalone, and mussels. Com
mercial shellfish hatcheries have recently 
been established in Long Island Sound and in 
California. Their development in the Pacific 
Northwest should lead to better husbandry 
practices by the shellfish industry--with re
sultant improvements in the quality and di
versity of its products. 

Prawns 

Prospects for the culture of the spot prawn, 
a delectable crustacean native to Puget Sound, 
have been enhanced by recent advances at the 
University of Washington. Artificial culture 
of this species topostlarval stages was suc
cessfully accomplished in a recirculating 
saltwater system. Further development of 
the technique, designed to extend the product 
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Fig. 4 - NOAA's Se a Grant Program suppo rts research in marine 
aquaculture. These Puget Sound spot prawns are one of many 
valuable shellfish in the region that are being cultivated. A l 
though research demonstrates that th is c rustacean is very hardy 
and relatively easy to culture in small numbers, techniques re 
quired for rearing the prawn for U.S. markets have not been 
determined. 

to market size, is planned by University re
searchers with the cooperation of NMFS, 
which will provide running saltwater facili
ties at its Manchester Experiment Station. 
The spot prawn, a scavenger, could have much 
promise as a component of multiple-culture 
systems. Wastes from the rearing of fish and 
molluscs might be used effectively by the 
prawns. 

Seaweed 

The Pacific Northwest does not have a 
well-established seaweed industry, although 
its miles of coastline and inland waterways 
support one of the world's most diverse ma
rine flora. 

The Lummi Indians are experimenting with 
the harvesting of the red seaweed, Iridea 
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Fig. 5 - The Washington State D e partm ent of Natural Resources 
is studying the potential of marine pla nts nat ive to Pug e t Sound . 
The Lummi Indians are harvesting large quantitie s of o ne spe
cies of marine plant in northern Puget Sound. If the prope r 
substrates are placed in the water, young , free-floating plants 
will attach themselves and can be grown in dense profusion . 
These kelp attached themselves to a partially submerged board 
and grew over 4 feet lon g in l e ss than 6 m onths . 

cordata, in the San Juan Islands. If succe ss
ful, this exp erime nt may point the way t o a 
valuable new industry for the region. 

The Washington State Department of Nat
ural Resource s seeks to e ncourage the in
troduction of s e aweed harvesting to supple
ment shellfish and salmon aquaculture . It 
has estimated that the s tanding crop of nat
urallyoccurring s e aweeds in state waters is 

worth about $500,000 a year. Algol ogi sts at 
the Uni versity of Washingt on have suggest e d 
that this figure could be doubled, at least, 
by the development of appropriate culture 
methods. 

SEA FARMING'S ROLE IN PREVENTING 
WATER POLLUTION 

Other estuarine areas in the Puget Sound 
region can increase their potential for aqua 
culture b y abating and controlling pollution 
and by a rational system of water-use zoning . 
Willa pa Bay, Wash., the Columbia Estuary, 
a n d the estuaries of many coastal streams in 
Oregon could be cons i dered for the develop
m ent of sea farming. 

Ope n-range salm.onranchingappearsto be 
an excelle nt pr ospe ct f or the estuary of the 
Columbia and the Oregon coastal streams. 
Othe r types of sea farming in brackish water, 
in the mud flats, and in the channels of larger 
e stuar ie s should be investigated. 

Willapa Bay already supports an extensive 
oy ste r-farming industry. The quality of the 
Bay wate r, however, is being threatened by 
s eepage of groundwater contaminated by a 
rapid increase in septic tanks from new resi
de ntial developments . The adequacy of exist
ing zoning regulations and authority toprotect 
the oyste r grounds is questionable. 

Although severe inroads have already been 
m ade on the quality of the estuarine waters of 
the Pacific Northwest by unfortunate land -use 
practices, there still remains an enormous 
potential for aquaculture. We believe it i s 
critical t hat a firm foothold be established in 
the shortest possible time . Extensive, pri
vately con t roll e d aquacultural crops will 
provide an economic incentive to abate and 
prevent pollution - - and a sensitive and power 
ful tool for the continuous surveillance of 
water quality. 


