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PROSPECTS FOR SEA FARMING IN PACIFIC NORTHWEST 


Timothy Joyner and C. Gunnar Safsten 

The sheltered bays, sounds, and estuaries 
of the world's coastal zones have much poten­
tial for increasing the production of quality 
seafood. By development of appropriate sys­
tems of IIsea farming, II or mariculture, such 
waters can be used for the production of sea­
food in the same way that the flood plains of 
river basins have been used for agricultural­
production, 

The products of mariculture can be ex­
pected to stimulate expanding markets as 
their production, processing, and distribution 
become more efficient. Perhaps even more 
important: by providing an economically at ­
tractive incentive for clean water, the orderly 
growth of mariculture can help prevent fur"" 
ther despoilment of coastal waters by uncon­
trolled urban and industrial growth. 

PUGETSOUND- -A POTENTIAL SITE 

FOR SEA FARMING 


Puget Sound, in the State of Washington, 
is an inland sea with over 2,300 miles of 
shoreline, much of it protected from strong 
winds by high bluffs. Its deep waters are 
well flushed by strong tidal action and en­
riched in nutrients by abundant runoff. In the 
main channels, the temperature is remark­
ably uniform throughout the year (7 0 -13 0 C.L 
whereas in the shallow, less saline waters 
at the heads of inlets, it ranges from 40 to 
ISO C. Salmon, oysters, clams, and crabs 

. were once plentiful and provided abundant food 
for early Indian populations. These re­
sources have since declined under population 
pressure and indiscriminate land -use prac­
tices. The native oysters, for example, have 
been virtually wiped out. 

To recover the capacity of the Sound for 
high, sustained yields of valuable sea prod­
ucts. it will be essential to prevent further 
deterioration of its waters and to restore their 

pristine quality. In planning water uses for 
the Sound, it must be recognized that mari­
culture can playa major role in restoring and 
expanding the yield of living resources from 
this unique inland sea. 

MARICULTURE SYSTEMS 

The basic properties of water areas that 
must be considered in mariculture planning 
are essentially the same as for other life-­
support systems: Space, temperature. and 
availability of oxygen and suitable food.--not 
to mention the means for disposing of, or re­
cycling. wastes.. For any given system~ re­
quirementsforthesepropertieswill vary ac­
cording totheorganisms to be cultivated. the 
IIloading" capacity of the system, 'and the ex­
tent to which the system is open or closed. 
Consider the following examples: 

Feed Lots 

In this type of system, the cultured or­
ganisms are held in enclosures. such as cages 
or pens, in which they are given prepared feed 
while being grown to marketable size. Such 
a system requires a high flow of clean water 
to carry in fresh oxygen and to carry away 
unwanted wastes and bacteria. The tempera­
ture of the water should be sufficiently high 
to sustain an economically satisfactory rate 
of growth relative to amount of feed supplied. 
yet sufficiently low to discourage the prolif ­
eration of disease. 

Grazing 

These usually are systems in which space 
is not a major constraint and in which natural 
feed is a component of the water supply. Sus­
pended culture systems for molluscs fiti.nto 
this category, as do systems in which small 
fish and shrimp are held in tidal rearing ponds 
to feed on natural food. In such systems, the 

Mr. Joyuer is an oceanographer and Mr. Sauten a fisheries technician with National MariDeFisheriesService. Biological u.hcnatory. 
2725Montlake Boulevam East, Seattle, WA 98102. . . ' 
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Fig. 1 - Many marine fishes normally range thousands of miles 
through the rich pastwes of the sea. However, some of them 
can be grown in dense concentr.Ltiol!S in large floatlllg or sub­
.merged pens and diked ronds. Some ~pec:ies, such as t."e 
salmon in this pen, must be fed specialiy 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 anadromous 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 
thatit.maybe feasible-.;by carefully control­
ling rearing conditions for juvenilesalmon-­

Fig. 2 - Valuable shellfish can ~ culth-ated in great densities .in 
our eStuaries, where they "gt:ue" on the plankton-rich waters. 
In Sf-ain, bay. mussels are grown on ropes 6 tillles longer thaD 
t.~e one shown here, and produce "ctOps" of over imilllon 
poU!lds of whole muoseJs per-JW:faee-acre iA 1 y ....... 


to increase significantly the nutnber 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 salmonfrom Puget Sound 
hatcheries, held and fed bevond their normal 
release date in April until July I, do not mi­
grate tothe oceanasdotheir 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 ttseful in which part of 
" 	 the water is recycled after treatme!1t to re­

move wastes, i~activate ~eleterious 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 (!l.T]\iFS). In salt water or the proper 
temperature and sufficient flow, and with ap­
propriate feed. it was possible to rear coho 
salmon fromfingerlings 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. 

~"-' .."""-	 ". 

~ 

t', .~,,,.,.,, . 

l~)'-":::'." \~ 

f" "",'" · ":''''ii'~ 
~~~2'~~~"'~'Dmllalll~i 
Fig. l - These coho Jaimon were "fa.rm-grown" in the Sea at a 

NMFS research station near Manchester, Wash. Vvben placed 
ill saltwater peDS, they weighed 1 of a pound. Fou.,·teen 

-	 20months later, when "harvested, " tlley weighed over a pound. 
More than 700 of these fis.'l have been shipped to lDauy sections 
of ttle United States to lest consumer reactWn:s. 

Clear, f:resh 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 9 0 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 the onset of high summer 
temperatures and when the fish are stilL small 
so high volume s of flow are not yet necessary. 
Most likely, feeding would .be necessary. but 
substantial die fa r y supplementation could 
come from natural food in such lagoons. In 
the finalstages, the fish would be reared from 
lO-g fingerlings to a marketable size of 300g. 
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 120 C. 

Heat fromthe discharges of electric power 

stations could provide opportunities 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 ~!lmmer temper­
atures are too warm. ­

NMFS Experiment Station 

At thel\ll\lFS Experiment Station at Man­
chester. Wash., ways are being developed to 
utilize the energy and food 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.05 and 0.5 knot; this is sufficient to 
give a good exchange of water in the pens with - . 
out exerting excessive lateral pressure onthe 
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 eJq)eri ­
ments. it appears that the western shore Q! 
the Sound's central part, including Admiralty 
Inlet, bas the best potential for rearing salmon 
in salt water. High blufis provide excellent 
protection from the southwesterly storms 
that prevail in winter. Moreover. there are 
relatively few large communities and indus­
trial deve!opm·ents on the western side. 
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