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Net-Pen Culture of Pacific 
Salmon in Marine Waters 

ANTHONYJ.NOVOTNY 

ABSTRACT - The concept of floatIng net-pen culture of fishes in marine 
waters has been expanded to Include Pacific salmon, Oncorhynch us spp. , 
In the PacifIC Northwest. The National Marine Fisheries Service initiated 
the research in Puget Sound, Wash ., in 1969 with small (2.7 m:l) net en­
closures. The rapId growth and reasonable survival of cultured coho 
salmon, O. kisutch, led to the development of a pilot farm . The farm utilized 
a surface area of 0.1 ha with four net pens totaling 7,080 m:; in volume . 
A total of 61.4 metric tons (mt) of 170- to 380-g Pacific salmon were shipped 
to market within 18 mo after fertilization of the eggs. Coho salmon have 
been raised to maturity in seawater pens in 2- and 3-year cycles. Survival 
of both brood stocks and fertIlIzed eggs from cultured salmon is variable, 
however, and Improvement is needed in controlling disease and nutrition . 
Bactenal pathogens are a senous problem . A vaccine for the control of 
vlbnosls, the most prevalent disease, appears to be successfu l but needs 
further study and evaluation. Net-pen culture is being practiced in Puget 
Sound waters for two purposes: (1) the commercia l production of pan-sized 
Pacific salmon by private farms and (2) the extended rearing of hatchery­
produced salmon for release to the local sport fishery. Total sales in early 
1973 of privately farmed fish were over 40 mt and were expected to rise to 
1.800 mt In 1974. 

INTRODUCTION 

Pacific salmon. Om orh\'luhlls spp .. 
reproduce in fre h \\ater of the high­
e<;t qualit,. Lo ses of salmon toc" 
from damming. logging. pollution. 
etc. coupled \\Ith the rising demand 
for salmon as tood. ha\ e led to ex­
ten i\e Imestment in artificial propa­
gatIOn to augment the natural run . 
Dunng th e last 100 years. salmon 
hatcherie on the Pacific coast of the 

nited late<; have evohed into e\­
pen I\e systems unuer con tant eco­
nomic scrutln~. In man} areas rising 
capital cost~ anu the limited fresh 
\\ ater \\ ill prevent much new con­
~lrUCllon or e'\pansl n of salmon 
hatchenes. Therefore. to e'\pand the 
pre ent le\ eb of prouucllOn we mu t 
seek n\;;\\. economical method of 
,almon culture 

In the Paclfk l'<orth\\e~t. the a-
tI :lnal "anne ervice 

( MFS) began culturing a lmon in 
floa tin g ne t pen in 1967 . The plans 
originall) called for large-scale cu lture 
in the freshwater re ervoir behind 
the dam o n the Columbia River and, 
by 1969. the concept was expanded 
to Include the marine environment. 

The marine culture of salmonids is 
not new. Rainbow trout . Sallllo gaird­
neri. and Atl a ntic salmon. Sallllo 
:,alar, are being cultured in Scandi­
navia and the British Isle In ea­
water ( ovotny, 1969 and 1972) . 
Rainbo\\ trout and. to a limited ex­
ten!. Pacific salmon are being cultured 
in seawate r in Japan (Tomiyama. 
1972), ( . Yoshikawa. Japan Marine 
Photo Studios. To"yo. per . commun.). 
Although ome of the culture methods 
involve ponding. in mos t of the e 
countries there is ome floating cage 
or net-pen culture. 

IFS re earch in the marine cul-
ture of Pacific almon now being 
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Figure 1.-Puget Sound , Wash. This inland arm 
of the Pac ific Ocean is the site of major activi ­
ties for the marine culture of Pacific salmon . 

conducted at a research station on 
Clam Bay in Puget Sound near la n-
chester. Wash . (Fig . I). Thi ite ha 
the advantages of good water exchange 
from tidal current . narrow a nnual 
ranges of water temperature (6 .5-
16 °C) and sa linit ) (26-3 I Il/oo!. helter 
from the wind. depths to 30 m. and a 
small fre hwater st ream enteri ng at 
the head of the bay . 

The genera l objectives of the a lm on 
research at the M FS M anche ter 
station are: (I) to determine the most 
economical method for commercia l 
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culture o f alm on in net pens and (2) 
to determin e th e feas ibilit y o f modi­
fy in g mi grati on pattern and impr 
in g th e surviva l o f Pacifi c almon at 
ea by rai in g them in net pen before 

their release. If ucce ful , th e latt er 
technique should in crea e the contri ­
buti on of artifi ci all y rea red sa lm on to 
port and commer cial fi heri es. 

Oth er a pects o f th e N M FS program 
in vo l ve resea rch on y tem for a ce l ­
er atin g th e fre hwater grow th , th e 
relati on o f temperalUre and rati on 
to growth in eawater . brood tock 
developm ent . contro l and preventi on 
of di ease. po !> ibl e uses of hyb rids. 
deve lopm en t o f fi sh -feed su pp lemen ts 
from new re ource. and effect of 
large-scale produ cti on in th e sa lt water 
environment. 

NET-PEN CONSTRUCTION 

Experimental Pens 

T he ba ic requi rement for ma in ­
taining net pen in sa lt water are: ( I ) 
ome type of urface upport uch as 

a raft. barge, sh ip . or dock: (2) a 
sy tem for hold i ng th e head rope of 
the net pen above the wa terlin e: (3) 
a moori ng arrangemen t : and (.+) a 
means of hold ing the bottom of th e 
pen down and h.eepi ng i t spread open. 

T he intensi ve culti vat ion of fi h 
req ui re appropria te concelllrations 
of di sol ved oxygen. ra nge of wa ter 
temperature. and remo al of wa te 
b -product . I n Puget ound . the nec­
e sa ry water exchange for Aoa t ing net­
pen cullU re i provided by tida l cu r ­
rents. T he effects on net enclosures 
of currents. fou ling. and materials 
ha e been thoroughl y tudied in Scot ­
landand Japan(l\ \ i lne.1970and 1972l. 

T he N M F sa lmon cu lture re earch 
at C lam Bay began IoVith a ba e of 
opera ti on on a ve el moored to a 
doch.. F loat \\ ith the lap urface the 
i ze of a tandard heet f pl~\\ood 

(1.2 2.-+ m) \\ere filled \\ith 1)­

rofoam ' billets. The Aoats \\ere linh.ed 
toge ther with cable to prm ide a perim­
et r enclo~ure for hanging the net 
pens and a \\alh.\\(I) for conducting 
\\ orh. ~afel). The first pens \\ ere ac­
lUal ly ages. made of lumber frame~ 
\\ ilh rigid pol) eth) kne pla~tic ' creen­
i ng . The~e cage~ \\ ere e,pen\l\ e and 

I lel1lll)n 01 uaue name' U,)\! , nol IInph en­
dnr'cmcnl 01 commercial producl, h) Ihe 
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Figure 2.-Growlh , rearing densi ty , and survival 
01 hybrid Pacilic salmon ( 9 O. tshawytscha X 
d o . gorbuscha) in a small lIoating net pen . Pen 
volume is 2.7m3. Percentage of survivors is in 
brackets and the broken line indicates Irowth 
aller transler to a larger pen . 

LOO heavy for one man to lift. At 
high toc k ing den itie . con tact wi th 
th e me h cau ed carri ng of the e) es 
of th e fish and eventual bl indne . 

We then expe ri mented with knotles 
ny lon pe ns. 1.2 X 1.8 X 1.2 m . The 
net pens were hung between the tloab 
and covered w ith black plastic. Rec­
tangular frames were built from pol) ­
viny l chloride pipe and filled with 
and . The e frame were dropped into 
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Figure 3.-An exper imental production raft and 
net pen . Rail construction Is ot lumber. ply­
wood , and Styroloam b illets. Pen volu me IS 

258m·I , and producti on capacity IS approximately 
4,000 kg 01 sa lmon . 

the ne t to hold the bOllom open and 
weight the pen do\\ n . Th e bl ac h. 
cover inhibit marinc plant gro\\ th . 
Fou l ing occurred from m arine al1lm aj.., 
but did not inhibit water c.\change 
The e mall pens IoVt:rt: Ill tenJeJ tor 
u e \\ ith mall number of e\pert­
ment al fi h . But. In one ca~e, a grour 
o f almon w a& rc ared at d hi gh Jen­
sit)' to "pan- IZC" vdth rea,onanlc 
survival (Fi g. 2l. 

Th e uperi or perform ance ,1f thL 
h.notle nj Ion \\ ebbl ng prompteJ u~ 

.. .. 

Figure 4.-A variety 01 experimental salmon culture pen. linked togethe r Not e 1/'1. blac 
plastic cover. (arrow) to prevent martne p lant growth on the smaller pens 
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Figure 5. - large raMs l or l uture salmon culture 
experiments , ready lor launching . The ralts have 
Sm. openings. They are constructed 01 Styro­
loam-lilled culvert material lor Iloatation, soli 
iron superstructure , and heavy wood decking . 
They can be bolted together to lorm a larg e 
perimeter enclosure , from which a production 
net pen can be suspended . 

to design larger net pen for growing 
larger numbers of fish and eventuall y 
for rai~lng the fi h to maturity ( lahn­
ken. ovotny. and Joyner . 1970: 
Novotny and Mahnken. 1971 and 
1972). Severalize were can tructed . 
either quare or rectangu lar. the l argest 
of which i shown in Figure 3. T h e 
annual production from thl pen 
w ukl be about .f Illt o f aim n 
at a loadlllg den ity of 15 .5 kglm 3 . 

The capital investment for this raft 
I less th an $0.50/kg of fi h produced. 

The smallest complete raft -pen ystem 
that we have used ho lds a 2.7 m :! 
net pen . wi th a to tal co t of $80-1 00 
per un it (Fig . .f) . 

A new experi mental raft ys tem 
was constructed i n 1973 (Fig. 5). T he 
uni ts were designed to provide m ini ­
mu m m ai ntenance and "brea k-down " 
construction. w hich is essen ti al fo r 
the mall staff at th e tati on . and th ey 
shou ld last ma ny yea rs. 

Staff engi neers of the M FS orth ­
west F isheri es Center have also de­
signed and const ructed two Aoatin g 
hexagonal pen frames of all aluminum 
can tructi on for th e Manche ter sta­
tion (Fig. 6). T he f ram e are simi lar 
to tho e used in Scot land (M i lne. 1972) 
wi th one excepti on: th e vertical tu be 
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members are sealed at th e top and 
bottom and have fi l l pipe and air ­
hose connecti ons at th e top . W hen 
wa ter i bl own fro m th e tubes. th e 
frame has a draft o f less th an I m . 
T he frame ca n th en be towed to th e 
beach on a hi gh tide. and th e net i s 
installed on the nex t low tide. Th e 
entire net pen is Aoated on the nex t 
tide and towed into i t m ooring posi­
ti on . T he tube are fi ll ed w ith w ater 
unti l th e net pen reache the de ired 
leve l . Wh en u ed at th e urface leve l 
(a draft o f 3.7 mI. the net pen h a an 
approx imate volume of 220 ma and 
an annu al producti on capaci ty o f 2.5 -
3.0 m t o f sa lmon avera.gi ng 0.3 
kg. Theoreti ca l l . thi unit can even 
be used submerged w hen fitted wi th 
a special ti ght -fittin g m esh cove r (we 
have tested a completely enclo ed 
cage o f kn otl ess ny lon (2 .8 m :1) in a 
ucces fu l ex per im ent to rea r coho 

sa lm on under th e sea. 

Commercial Pens 

The app l icati o n o f net -pen cul ture 
to commerci al product ion o f sa l man ids 
pose different problem s. A lthough th e 
facto r di cu sed prev iously till app ly. 

F igure 6.- An experimental hexagonal pen 01 
aluminum construction . The head rope 01 the 
net enclosure is hung from aluminum hooks on 
the walkway . Si x rib lines extend th rough the 
bottom and pass through pulleys at the loot 01 
each tube . This method permits the bottom and 
s ides to be drawn taut without weights (d imen­
s lons are listed in leet and inches) . 



there are additiona l considerations, 
e peciall economic ones. The co t 
per cubic meter of growing space is 
considerabl Ie for larger than for 
smal ler net-pen. Similarly, the cost 
for perimeter surface upport is less 
for large pens than for a number of 
mailer pen holding the same vo lum e. 

H owever. one mu t carefu ll y cons ider 
the problem of maintenance . current 
tre force. and the ability to inven­

tor) or harve t fi h with a minimum 
of difficulty. It i doubtful if there 
i an) one unique yste m that i 
completel ati factory. and a need 
exist for eriou engi neering te t 
and co t analy i . 

(n 1970. the MFS began a com-
mercial pilot farm tud y in coopera­
tion with the ationa l Oceanic and 
Atmo pheric Admini tration' Office 
of ea Grant and Ocean Sy tern. (nc. 
(nO\\ Dom ea Farm. (nc .). The rilot 
farm \\a de igned to produce a ma'd­
mum of 91 mt of marine-reared Pacific 
almon. 

The ba ic raft support tructure 
a nd main growing pens were de igned 
early in 1971, and the in tallation 
in Clam Ba) was ompleted and ready 
to receive fish in June 1971. The 
upport raft wa con tructed of welded 
teel pipe approximately 0"+5 m in 

diam ter. heav) " ("-beam cros brac­
ing. and decl"ed with wood. Overall 
dimen Ions of the raft were 7.6 X 
30.5 m . The raft was towed into posi­
tion and anchored from the four 
corner with heavy a nch ors. chain. 
and steel cable. Water depth under th e 
raft was about 12 m at hi gh tide and 
7 m at low tide. 

Four net pen were attached to thi s 
raft. The webbing was of 126 denier 
knotles nylon. with 10 mm2 me~he . 
The ize of the opened nets wa 15.2 
m2 X 7.6 m deep. with a calculated 
volume of 1,770 m3 . In the interest 
of economy for the pilot farm tudy 
(i .e., the net pens were intended for 
on ly I year of use). a s imple perimeter 
support y tern of vertical p lastic 
pipes and tyrofoam cylinders was 
used . The bottom of the net pen wa 
weighted down by length of chain 
(18 kg each) tied to vertical rib lines. 
The net were held open again t the 
changing current by counterweighted 
float attached to the out ide surface 
corner. The entire ystem is presented 

in detail in a report o n the pilot farm 
opera ti on2 . A perspective of these 
faci liti es may be een in th e aerial 
view in Figure 7. 

A number of serious problem oc­
curred with this sys tem: (I) the 
counter-tension arrangemen t did not 
keep the net from partially co ll apsing 
in strong current; (2) it wa difficult 
to keep tension on the overhead bird­
net cover: (3) a large-me h predator 
net had to be in tailed around and 
under the growing pens (this correction 
wa nece sary to pre ent sma ll shark 
from chewing the bottom of the 
growin g pen in their efforts to reach 
any dead fi h ); and (4) excessive tress 
on th e webbing . The latter problem 
wa especia ll y serio u o n at least o ne 
occa ion. A tre tear occurred in 
an upper outside corner of the growi ng 
pen . The torn ection was Ie s than 
I m from the urface , running approxi-

by a perimeter of floats of the arne 
ba ic design as our fir t systems (H un­
ter and arr. 1970) . (n southern 
Puget Sound, the Small Tribes Organ­
ization of We tern Washington 
(STOWW) i applying this ystem of 
net-pen support for a almon produc­
tion operation adjacent to Squaxin 
Island (Fig. I) . The basic unit con i ts 
of a rectangular perimeter of float , 
divided by additiona l floats to pro­
vide urface upport for three net 
pens. The net pens are 18.2 m2 X 
3 m deep; they are protected at the 
bottom from harks by a n outside 
predator net. Each net pen has a 
volume of 1,000 m3 . Early in 1973, 
4 1.8 mt of chi nook sa lm on , O. !slwIl'Y­

!seha. were harvested from these three 
pen . The average loading den ity wa 
13 .9 kg/m:l. 

On the basis of our experience thus 
far. everal ba ic prerequi ites would 

Figure 7. - Aerial view 01 the pilot salmon larm . Total volume 01 the lour net pens Is 7,OOOm 3. Market 
harvest from the 0.1 ha 01 enclosures was 61 .4 mt 01 Pacific ulmon. 

mately 0 .25 m a long the vertical and 
les than I m along the horizontal. 

nfortunately the tear was in the 
highe t density pen (e timated at that 
time to be in exce of IS kg/m 3)­

and before the opening was discovered. 
an est imated 70,000 marketabl e fish 
escaped. 

The fir t large ne t-pen encl osure 
used in Puget Sound for hidin g ad ult 
a lmon was upported at the surface 

tLmdberg. J. M. [Undaled .] Pacd'ic salmon 
aquaculture program: Incubalion and CUItI­
valion phases . Sea Granl rep. COM-73-
10560, 52 p., App. A-C (Processed). Avail­
ab le al 3.00 per copy from 083, Technical 
Informalion Division , Environmenlal SCIence 
Inf rmalion Center, NOAA , WashinglOn. 
DC 20235 . 
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apply to all net-pen culture: 

( I) (f a me h size approximati ng 
5 mm2 or smaller i required for 
the initial tage~, it i far better to 
use many mall unit than one large 
one. Vegetative fou ling occurs rap­
idly and re trict the movement of 
water through the pens. 

(2) Substantial perimeter urface 
support is required . Thi i especial­
ly true for larger net pen . Wide 
perimeter flotation will provide : 

(a) orne protection from wave 
(b) protection from surface 

debri 
(c) upport for the net pen 
(d) safe worl,ing areas for 

broadcasting feed . in tailing and 
removing net pens, harve ting. 
etc. 



( e) a base for bi rd-net cove r 
(f) upport for winche and 

other mechanical a ids 
Although it may cost more per unit 

\ o lume for small er ne t pens th an for 
larger o ne. there a ubsta nti a l 
e lement of ri k in la rge unit . The 
o ld adage about " puttin g a ll o f yo ur 
eggs in o ne basket " i app ropria te for 
ne t-pen cu lture in open wa te r . In 
my estimation. the maximum size of 
a production unit shou ld be about 
15 m 2 X .. m deep . 

GROWTH OF SALMON 
IN SALTWATER PENS 

Durin g th e cour e of our tudie. 
we made comparative grow th mea­
surements of th e Pacific a lmon in 
Aoating net pen - ome pecies were 
studi ed more comprehen ivel y than 
other. Five pecies of P acific salmon 
studied. in order of increasing inten-
ity . are: sockeye sa lmon. O. lI erf..lI; 

hum sa lm on, O. kef({: pink salm on . 
O. gorhll .H 11£1; chi nook sa lm on. and 

coho salmon . Chinook and coho a lm­
o n are now the fis h of interest in our 
region. 

Water temperature has a great in­
Auence upon growth . a do photo­
period. di ~ol ved oxygen, nutrition. 
disease , and size at emry into a lt 
water. A degradation of a nyone of 
the e factor ca n red uce th e rate of 
growth. which i es en ti a l for com­
mercial production . 

Fall pawning chinook sa lmon are 
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cu ltured in mo t Slate and Federal 
hatch e ri es in W as hin gto n a nd Oregon . 
In most yea r , State ha tche ri es ha ve 
surpluses o f chin ook eggs, but thi 
a ai labi lity i not re li able du e to 
occa io na l low rcturns. F a ll chinook 
sa lm on ada pt to seawater in th e first 
sprin g or summe r o f th eir li fe (zero­
agc fish) . Th e y un g fi h a re ge ne ral ly 
rca red in th e ha tch e ri e for 90- 120 
days after th ey begin feeding . They 
are then relea ed i nt th e ri e r 
weighing 4-6 g each . M o t f th e 
releases a re in late May. and th e fi h 
migrate rapidly to ea . H atchery stock 
generall y return a ad ult afte r 3-4 
'ear at ea, and range In ize from 

3 to 12 kg . 
Fall c hin ook. sa lmo n havc certai n 

di tinct advan tage for marine pen 
cu lture . The progeny can be trans­
ferrcd direct l to a ltwatcr pen in 
the sprin g. which would a ll ow grealer 
production from ha tche ri es wi th re-
lri cled pace and water Aow . In 
outhern Pu gel ound . healthy chi­

nook salmon shou ld weigh .. 00-500 g 
within 12 mo after they enter a lt 
water . At our 1\lanchesler ta ti on . in 
middle Puget Sound . th e ann ua l va ri ­
ati n in temperature are not ex trem e. 
reaching a low of 6-rC in lale 
February and th en ri ing ' I wly to 
IS-16 °C in late Augu t (Fig . ). In 
most of our experim ent s with chinoo k 
sa lm on . they ha e been introduced to 
salt water in la te Mayor early Jun e . 
In genera l. we found th at th e lo pe 
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of th e growth curve is imilar for 
different tocks during th e ummer 
a nd winter and from year to year. 
The a lt water growth depend on the 
ize at entry into 5alt watcr ( ovotn y, 

1972). Fo r example, if we begin at 
th e ame time with two tocks of 
chinook a lm on weighing respectively 
5 a nd 12 g. th e growth curve will 
impl y parall e l each th er , and during 

th e fir t yea r th e smaller tock will 
never catch up to th e larger one. 

Fall chinook almon weighing 2 g 
ca n be accli m a ted to alt water by 
incremental increa e in alinity (Kep­
shire a nd Mc eil. 1972); h wever, 
few grower a re fortunate e nough to 
bc itu a ted where they can mix fre h 
a nd a lt water rcadi ly. Mo t of them 

move th eir fi h to a ltwate r pen from 
a di tant hatche ry. The tributa ry 
lream of Puget ou nd warm up 

fa ter between April and late June 
th a n th e water of th e Sound . ince 
grow th ca n be timul a ted by ri in g 
water tempera ture a nd increa ing pho­
to peri d . it can be adva ntageou for 

th e grower to rear hi s fi h in th e 
warmer fre h water and delay tran -
fe rrin g them [0 a lt water until late 
June or early Jul y. The timin g will 
differ for each farm ope rati o n depend­
ing o n its loca ti on . 

For commercial altwater rea ring. 
th e re a re everal difficulti e with chi­
nook a lm on . Fir t , during their fir t 
yea r in alt water. the ir scale a re 
ver 100 e. Thi increa e th e ri k of 
bacte ri al infecti o n and is a di ad ant­
age in marketing . Secondl y, growth 
and urviva l have been poor on 
commercia ll y available dry diet . A 
diet of Oregon moi t pellet (OM P) 

produce good growth in chinook 
a lmon but requires refr igera ti o n fo r 

storage. The ri in g cost of fi h meal 
ha increased th e price of pelleted 
diet . This. coupl ed with the hi gh co t 
of freezer s torage and less efficient 
conver io n. wi ll probably discourage 
expanded commerc ia l culture of thi s 
pecie . A m o t critical problem wi th 

chinook salm o n i th at they do not 
re i t disea e as well as coho sa lm on . 
I have menti oned in thi paper th at 
the STOWW project near Squax in 
Is land har es ted .. 1.8 mt of chin ook 
sa lmon from the ir Aoating net pen in 

Figure 8.- Records 0' maximum and minimum monthly aea lurlaca temperaturel at Clam Bay. na.r 1973: a lthou gh food conversion ra nged 
Manchester. Wash. from 1.8: I to 2.4 : I o n a diet of 85 
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perce nt 1P a nLi 15 percent ~hnmp 
wa te (for Il e h colo nn g). th e o\era ll 

~un' lv a l ""a~ o nl ) 53 percent ( ra~er. 

J .. pers . commun .), 

Research a nLi Ll e \el o pme nt In salm­
on cu lture ha., been la rgely focuseLi 
o n coho. 10st of the st a te hatch eries 
a ro unLi Pu get o unLi maintain good 
run of coho . nd e r present m a nage-
ment practice!> , there i generall y a n 
a nnu a l <;urp lus of a t least 10 milli o n 

eggs. The Sta te o f W ashin gto n recentl) 
pa ed legi lation a llowing the Depa rt ­

ment of ish erie to sell exce oho 
eggs to commercial g rowers. Oth er 
legi lat ion provides guidance in th e 
es tab li hl11 e nt of commercia l farm s. 
Total ca pit a l in ve tme n! for priva te 

a lm o n farming in Pu get o und i 
now in exce of 2.000.000. 

Pu ge t und coho no rm a ll y pend 
yea r in fresh water. mi g ra tin g to 

th e ea in th e ir ec nd pring. They 
pe nd I winter in th e ocean a nd return 

th e f Il owin g fall as mature adu lt 
weighing from 2 to 8 kg. The u u a l 
ha tch ery practice i to co ll ect th e 
eggs from returnin g ad ult in v m ­
ber -December a nd re lease yea rlin g 
smolt weighing 18-30 g in th e ir 
econd pring. The young coho are 

fed ith er OM P o r dry diets . 

tudi e a t the MFS Experiment 
Station a t l anche ter indicated th at 

yearlin g placed dire tl y into a lt \\ater 
in Jul y . weighing 2'2 g a nd fed OMP , 
wou ld grow at a rate of 2.2-3.3 percent 
o f th ei r body weight per da until 
fa ll. with food conversion ra ngin g 
fro m 1..+: I to 3.6: I . Growth ra te a nd 
food can er i n fe ll during th e winter. 
One ear afte r culture in alt water , 
th fi h ranged from ..-00 t 1,500 g 
( l a hnke n . o \ o tn ). a nd J O) nero 
1970). W e a l 0 fund that coh yea r­
lin g placed in o ur cold er alt water in 

th e pri ng wei ghi ng 10- 12 g did not 
grow a well a larger yea rling . and 
mortalit) wa hi gher. Tho e th a t ur­
vived to m aturity \ eighed from 60 
to 2.7 0 g. From th e e e>..periment . 
\0\ e concl udeLi th a t if coho v"ere reared 
to 16-20 g in fre ' h \\ a ter a nd pl aced 
In alt \V a ler Lluring the pea!.. If the 
photopericd . th e) \\ould on tinu e tl 
grl\\ \V e il until hanes\. 

W e te"ted this on a pilot eale . 
hea tlllg the \0\ a ler a nece ar) to hlld 
the temperature hem een 1 I and 14 
durin g egg incuhall,)Il anLi reanng ()f 

the fr) . The fish "ere led a Lin . pdlet­
eLi diet. The bJectlve ot hortenln g 
th e ty pical hatcher) C) de b) 9 m) 

\\as parllall) accompli"heLi In Jul\ . 
""hen at least 50 percent ,)) the '>tocJ.. 
\velghing at least 16 g \"ere pia eLi 
directl) into a lt\o\ a ter . The remaining 
co ho were put into a lt aler In Augu"t 
Tho~e weighlllg at leasl 1(1 g con­
tinu ed to gr w well. The smaller one\ 
reverted to a pre molt conLiitlOn and 
either Llled o r did no t gro"" again until 
th e 10110\0\ ing pring ( o"OIn) and 
M a hnken. 197'2). It app ared from 
thi ~ th a t th e gro\o\ th and survi"al of 
coho in a lt water culture a rc depen­

dent o n th e ir size and ""hether the 
photoperioLi is increaS in g or Llecrea -
in g a t th e tim e o f th eir introdu c ti on 
to sa lt water , 

Figure 9 how th e growth f ac­
celera ted coho durin g th eir fir t year 
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III "alt "dter C,)mp,m:d \Ith th'll 
Chllll)()!.. and ['Ill!.. ,1111<'n In Ire h 
\\aler. h),J CI)I1\er tnll Ilr .tcldeldt~d 

cl)ho led l'n a In diet \\a ,1['prl1 InHlte­
I) 1 5 . I. :\1 ar!"d Ile ( I-U- ~(l() gl l.tn 
be allalneLi \\lthln 1..- n1l) after ler­
IIllzatlon I)) the egg III IHemher. 
Year-old accelerated c(,hl) \\ ill \vclgh 
as much a, 2-\ car-nld. lll)n,lcLelcr,lted 

coho. h~ co"t l)1 accelerallll£ th~' 

fre~h\\ ater rcan ng h\ 4 m" '" 1l1,)re 
than compen,ateLi Il)r h\ ,a\ing 

III feetl . lahl)r. anLi time tn mar!"el. 

DISEASES OF SALMON 
CULTURED IN SALT WATER 

For ~almon farm~ to he ~ucce""lul . 

urvi'val to mar!..ct mu~t he Im['n"~J . 

In our earl; tudle~, \o\c found th .lt 
"'ith coho ~alll1on rcareLi at 1('1\\ dcn ­
iti e . 1l10rtalit) ranged from 1 to _ 

percent per month for the lir"t \car . 
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the highe t occurring in the ummer. 
Thl \\ould not be unac eptable. \en 
at hIgh den !lie (FIg. 2). urviva l of 
a h) hrid Ie . hard) than coho \\ a 
60-n':: percent. 

The mortalitie of Pacific almon 
cultured in the ea are usuall) due 
l<l bactenal dl ea e~ Ithough ml ro­
olal organ! m other than bacteria 
ha\e been u pected pathogen in 
ome ca e. the Incidence are not 

frequent 
Bacterial di ease of marine fi h 

are a \\orld\\lde problem ( Indermann. 
1970). but the problem a ociated 
\\ IIh the large- a le production of 
Pacific almon In alt water have o nl} 
recentl) been rep rted ( 0 otny and 

l ahnJ...en. 197 1). The o rgani m that 
caue the greate t concern i the 
gram-negative. m tile . omma- haped 
rod. Vihr/CI (/f1~IIII/(/rulll. Thi i the 
same bactenum that ha been reported 
to cause exten Ive mortalitie in yel­
lo\\tatl. erio/a 4l1inqLleradiara. a nd 
eel . AI/~llil/(/ (//I~/lil/a and A. jllpo llica. 

ultured In Japan. a nd trout and 
tlantlc salmon in the candinavian 

countnes 
The organl m fir t appear in ung 

salmon In the net pen at I anche ter 
in \Ia). u uall} \\ hen the water tem­
perature reache 9° . Kidney mear 
Irom icJ... and m ribund fi hare 
routlnel] examined throughout the 
) ear. 'When the fir t ca e of i brio i 
are Isolated. antlb l ti c te t are per­
formed n plate ulture made from 
tr) pllca,e ,>0) agar ontalni ng 2 per­
cent ,alt I f the organi m re p nd 
\ ell to T crram,cln. a therapeutic 
Ireatml!nt IS in. lIluted Thi ' involve 
,lr.1I admlnl,>tration 01 - 10 g of 
a\.:lI\e Terramycin added to each ktlo­
_ r.lnl ,,1 f"OJ for 5- Il) day 

I (/1/t:IIII/tlrlllll grow be~t In la b -
r.lt, T\ culture at 24 on~ quentl]. 
d I he \\;lIer temperature~ n e In the 
ummer th~' pTl)haotllt\ of Inre ti on 

111"1,, I C' The dl'>ease \\ til u uall] 
UI .lppe.tr Ilmetlme In cLOner a, the 
\.Iter temper.Hure Jrop' 

Rc""nth, .Ittentilln ha oeen 1,)cu,eJ 
\ n thl.: I'r~'hntll'n III the JI,ea e (J r\er. 

cI n. <lI1J GarnSlln. 19"2) r I 
\,\""II1C rrCr.lreJ Ir,lm the J...illed and 

he I "ell, ,It I (/1/l!1I1i/tlrtlllI are 
pr III cd " mmcrcl.dh 111 the '111ted 
St.lt 1 he \ 01"" I ne I' OJJJeJ t,) thl! 
diet III I ted hl the ,Illng ,.tln1\\n 

pnor to putting them into alt water . 
Oral \ accine \\ ere fir t u ed by com­
mercial almon farm in 1973. and the 
re ult of the field trial will not be 
kno\\n for ome time . Laboratory 
experiment indicate that the oral 
vac ine probably become localized 
in the inte tinal tract and doe not 
provide as much protection a direct 
Injection of the killed cell into the 
body cavity . A great deal of research 
remain to be conducted on vibrio 
\ a cci ne. but I have no doubt that 
within the next 5 years routine vac­
cination again t thi disea e will be 
standard procedure in almon farming . 

Furunculo i . a di ea e cau ed by 
a gram-negati e . nonmotile bacteri­
um. A erolll onas sa/Illollicida, i a lso 
a eriou problem . Pen-cultured Pa­
cific almon u ually become infected 
with the organism in fre h water and 
carr) it with them into alt water. 
Thi organi m i common in mo t 
of the ri er and tream draining into 
the Puget Sound ba in . Salmon grower 
in the Puget ound basin hould ex­
pect to encou nter furunculo i in 
their freshwater hatchery sy tem un­
Ie their water supply comes from 
ground water. In fre h water, it i 
important to avo id excessi ve crowd­
ing or ot her tre se to minimize the 
incidence of thi di ease . 

The gros ymptom of furunculo-
I and ibrio i in alt water are 
imilar, a nd it i eas to confuse the 

two di ea e . U uall , furuncu lo i 
doe n t appear until the water tem­
perature reache 12 °C . However, we 
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ha ve noted that the ph)' iological 
tre produced by tran ferring fi h 

dlrectl~ from fre h into alt \\ ater will 
ometime timulate the di ea e at 

10 er temperature . The two di ease 
ometime occur imultaneou I)'. Since 

the therapeutic treatment may be 
different for each disea e. plate-culture 
test should be conducted to di tin­
guish the two organi m . A. sa/lllolI­

icida will color tryptose blood agar 
brown within 2-5 days at 24°C. 

We found that A . sa/lllollicida i 
transmittable at 30 % 0 a linit y. and we 
isolated it from a di ea ed eulachon. 
T/w/eichrhys pacificlls, found in the 
net pens with infected sa lmon. The 
organism can be grow n on trypto e 
blood agar at 30 0/ 00 sa linit y. a lthough 
pigmentation i better at 20 % 0 . We 
found that local trains of this bac­
terium do not re pond to sulfa de­
rivative when te ted on Mueller­
Hinton's agar a nd do not u ua ll y 
re pond to Terramycin in blood agar. 
The furunculo i organi m i inhibited 
b Ch loromycetin. nalidixic acid. 
and the furina e compou nd . Furox 
50 (containi ng II percent act ive 
furazolidine) was effectively used to 
treat a large number of you ng fall 
chinook almon in saltwater pen uf­
fering from an epidemic outbreak of 
furunculo i . A leve l of approximately 
40 g of Furox 50 per kil gram of food 
wa u ed for 10 day . Pri r to thi 
treatment . over 90 percent of the fi h 
died from ei ther vibrio i or furun-
culo i ver a 7-mo period. 

Uncontrolled disea e outbreak ad­
ver e ly affect growt h a well a ur­
vi al. igure 10 i a compari on of 
the growth of the aforemen tioned 
sto k of chino k almon with an 
earlier ear cia that wa not infected . 
Note the extreme ly poor gr wth of 
the di ea ed tock during the late 
ummer and early fall. 

Kidney di eas i a chroni c bac­
terial infection that prevail during 
the winter . The cau ative agent i a 
gram-po iti e, nonmotile bacterium 
thought to be of the genu oryll£,­
hllc rerilll/l . It d e not u uall occur 
in young Ii h until their fir t winter 
in the altwater pen and i a erious 
problem with br od tock at any 
time of the}e r. here are no effecti e 
therapeutl agent' that re J...nown t 
u~ . rcatment with penicillin have 



Figure 11.-Comparison o' growth o' p ink and 
'all-ch lnook salmon (1 970 brood year) reared In 
saltwater pens near Manchester , Wash . Two hy­
br ids are included in the comparison . 

been partiall effective but only to 
the extent that the di ea e tem­
porarily arre ted . 

POSSIBLE USES OF HYBRIDS 
A number of biological variations 

can be found in the five pecies of 
Pacific almon common to the west 
coa t of orth A merica , uch a sa­
linit y adaptati n . temperature prefer­
ence. growth. di ea e res i tance . and 
maturation Cycle . Although mo t in­
ter pecific h) brid of Pacific a lmon 
a re terile, informati o n from ex pe ri­
mental hybridization has prac ti ca l a 
well a cientific va lue. For example, 
pink a lmo n can adapt to high- a linit y 
~ater a lmo t immediately after th ey 
begin feeding. wherea chin ook a lm ­
o n ca nnot. Pink a lmo n a l 0 grow 
fa te r in th e winter than chinook 
almon. Pink a lmo n mature in 2 

year compared to 3-5 year fo r 
chinoo" almon. 

Figure I I i an example of th e 
comparati ve growth of pink and chi ­
nook a lm on and of reciprocal hybrid 
of the two pecie . In thi ca e. th e 
chinook female donor wa of a pring­
run race . Spring chinook juve nil e 
norma ll y pend I yea r in fre h water 
a nd migrate at a ize of 30 g or more . 
Fall c hin ook migrate to ea weighing 
5-10 g tn the late spring or ummer 
before the end of their fir t year. o te 
tha t the rate of growth of th e pink 
sa lmo n and the hybrids exceeded that 
of the pure fall chinook salmon and 
that both hybrid were capable of 
ente rin g a lt water earl) in the sea o n 
and a t a mall ize . 

Di sease re i ta nce a l 0 differ. The 
pink almon th at we rea red have been 
ex treme ly su ceptible to vibri o i . 
furunculo is. a nd kidney di ea e. When 
rea red under imila r conditi n , th e 
hyb rid of pink and chin ook sa lmo n 
respond different ly to these di ea es 
(Fig. 12). In thi s case, pinks and the 
reciproca l hybrids of chinook a nd 
pink a lm o n were pl aced in adjace nt 
net-pen a t approximately th e ame 
density. The first disea e to occur 
were vi brio is a nd furunculosi dur­
ing sprin g and ummer. The pink 
and hybrid off prin g of female pink 
di ed a t about the a me rate until fall, 
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in pite of heav) unse of T erramycin 

in th e diet. urvivul of' th e hybrid 
off'~pr ing of fema le chin l)o !-~ ~ u, 

better and fe\>ver udmini~tratl on\ 01 

meuicuted feed wcre needed . ~ the 
\\ ater temperature bcgan to uec1inc 

111 th e fa ll. !-idnc} ui~ca,e appeared 
tlrst in th e pin!-s and much lat<.:r In 

the twO h} bnds. l ortalil\ in lhe 
hybrid off~pnng of fema lc chll1oo!-, 

II1creased harpl) 111 Fchruur). but 
thi ma) hu\e been due h1 stre,,,. Be­

cau e the urvi\'al of this hyLmd ~ as 

high . a IOc!-ing uen it" of :.7 \...g/Il1" 
\Va reached b) mid-February (rig 2) 

The h) brius of pin\... anu chlnoo!-

almon ma) be of pra tical vallie f1r 
growers \I ho have limited ~ourccs 01 

fre ' h water and \\ ish to i ncrea~e theIr 

~altwater productIon . hen ehlnoll!­

eggs are a \ ailahle to local gro\\ ers . 
the" can be crosed \\ Ith pIn\... alllll)n 
sperm. \I Ilh a hatchll1g ucces\ I 90 

to 95 percent. The re ultlng pr,)gen) 

can be placeu direcll~ Int sea\\aler 

111 "larch at a ize of 1-2 g tl pro\lde 
mar\...etable nsh 12-14 mo later . The 

abilIl} to adapl earl) to . alt ~ ater In 

pin!- almon IS \er} trong. We cro"ed 
ome of the more fertile male h)briu~ 

\\ I th female chlOoo\... al m n to j'lro­
duce a 3,~ chlnoo\.... I~ pin!- h\hrid 

thai adapt to full ea"'arer at a Ize 
of 1-2 g. 

BROOD STOCK DEVELOPMENT 

Regardle s of the organism belOg 
cultured. it I de Irable to be able 

to "c1ose the C) c1e." that is. be able 
to rear the organi m to maturit). 
have it spawn ucce sfull). and pro­

duce health" progeny. Thi I e\­
tremel} important If electi\e breeding 
is planned. 

Our first attempt at rearing coho 
salmon to maturity began in 1970. 

The progeny of eggs taken from wild 
fi. h in 1967 were put into salt\\ ater 
pens in JUly 1969 and matured in 
December 1970. a normal 3-year 
cycle. They were reared en tire ly on 
a commercial die t (OM Pl. The fi h 
reached full maturity in the sa ltwater 
pen. H owever, the OMP diet wa 

not adequate as the flesh of the fi h 
remained white in contra t to th e 
bright reu ftc. h of wild sa lm o n . in­
dicating a lack of caroteno id in th e 
diet. Thi s lack of pigment wa. eve n 
more evide nt in th e egg which 

rang~d from color/ I:" tn role ~ c llow . 
Th~ ~gg' wcre ,oft (lnl! fragtle <J IlU 

the )nl\"" were not eVl.:n l ~ d"tllhutel! . 
fh e .,uni"al through h<ttch ",a., P{,ot 
('\-1 () percent 1. (he <tlev IIh "lItleled 

hea\\ Ill."C' Ir 111 rUj1tun: 01 Ihe )llik 
<;ac. (me ,mall numher., diU ,unne. 

ho\\e\er . anu oilier the\ hcgan ked­
ing and gnl\\ In g. appeared nnrmal in 

all rc'pecl\. 
ur hn10d .,tllC!- In 1971 \..<lf1)1: Irom 

\\ i Itl egg., La !-en I n 1l)6~. r hl) \\ crc 

abo r<.:arcu on th\.! "II' diLl until 
thc la~t .,ummer ,I the \..\ele (nh" 

put t'n 111l1.,t III their lin,,1 II elghl 
uUrlng tlklr (a'll ,ummer (lIling Ihl ... 
rertl1u. Ihe )1\1 P \1 a., ,upplel11C:l1leu 

\\ IIh the hmhen remnant., 111 p.:l'ied 

,hnmp tJil, pun:h<l,eu a ... " canner) 

\"a,tc rrouuci -\ppn'\lmakl~ ~O per­
c<.:nt fhl I\clghl) I,r Ihe Illtal diet \Ia ... 

ell '!-eu ,hrlfnp r<.:mnant ( he tl.:.,h 

cllll'r \11 th~' I"h IIllpnl\ ed hu t nnt 
Jramallcalh \\ hen the l11.ltllre li,h 
\lcre IcI\...en dlredl\ Irl1m the .,all­
\\ater pen Illr 'pal\l1Ing, II \\a ... nllted 

Ihat th.: ~gg cnll'r had Jeepcnt'd l<' 

\ellol\-Lx<lnge rhe ,,~)I!- hn\\c\er 

\\<1S "'lIlI n t pfllperl) Jisp~r,cu . 'iur­
\ 1\411 Ihrough halchi ng ranged Irl)m 
: to :n per 0.:111 n'mpared I) a n,1rmal 
range ~)r 92 ILl <),' per CIlI ">l,me ,)1 

the rrlJgcn~ \lcre rctalned ,lI1d ... h\'uld 
reach malllflt) 111 197-1 

arl~ In 1972. bet\\een " and I-> 

percent of thc accelcrateJ coht' helng 
ll1arhctcu in the uemon tratlon rill)t 

farm were held t, r rearing a' hroou 

sttK\... The~e '" <.:re fi,h thai e\ceeueu 
the maximum mar!- I ize (appro\i­
matel) 3 0 g). he tl h \\ere reared 

entirel~ on a ur" pelleted bernath) 
diet With 0 . 1 rercent canlha\,lnthln 
adued to color the f1esh \ e randomly 
selected 200 of the~e fi h for lran ' fer 
to a research pen ill J u nt:: 1972 , ach 

of them \\a mea ureu , \velgheu . and 
Identified'" ith a numbereu Irap tag 
on the opercle or by dart tag in Ihe 
dor a l mu c ul a ture. bout 6.5 per­
cen t of the e fi h died within a few 
day from handling tre . The re­
mainder ",ere fed a diet f 70 percent 
w ho le rrozen a nchovie and 30 percent 

frozen shrimp meat wa te o Brood fi h 
in th e pilot rarm were grown to ma­
turit y e ntirel y o n th e dry pell e ted diet. 

During the final 3 mo of growth. 
both group grew rapidl) . Figure 13 

is a hi togram o f the weight range 
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of th .: It,h lean:u 111 the re~l:areh pel1 .. , 

!Juring th<.: 1J:2-uav peflod hetween l'i 

June Hnu I" ~erlel11her IlJ72, Ihe 
iI\crag<.: weight Il1crca ... cd 11) 1 • .160 g 
,In ;tler<lge dall\ ",elghl gain (1f 14. 
g .. [ he lila IInum \\elght ul an) 111-

dIVIULl,t1 fi,h 011 1'1 .June \\:.1 ... 1,\)'i(J g 
anu llil 15 \lpl<.:mher . maximum 
\\I.'ighl \\a, -I20() g Ithllugh 111-

dl\ldu.t1 It,h uld nol r<.:laln eilher 0/ 
Ihe IIH' I\Pl'\ III tag .. u ... eu [" the d<.:­
gree.: pn:teu. 'Pille Indl\lUual grov,lh 
rl'cllrlh arc il\<llIable 'Tahle I .,hol.\, 

.\ ,ekCIIPn nf I"h Ihal rClaln<.:U their 

1,1g.' Ulltt! Ihe\ dlcd Ilr reacheu Ill<llll­

nt, /\1tllllll!;h there" a nwrt.;ed Ullter­
':IlC': In IIlUI\ldll.d grl1\~th ral.:,. \,n.: 

Ilel11 I' e\luenl. the ma Imum v,':lghl 
I1f th<.: hr,)(,u el,I1I' \\<1, aehle\ed Llur­

Ing the fll1al ummCf and lelclcd otl 

"r dcdtned \\ IIh th<.: Iln\el 01 lall I.' en 
Ihllugh (H'U \\ a, 'l\atlahle ad l,h(/l/lIl . 
1 he ,,,Ill' llt "'l,d u)nler"Il'l1 Junng 
Ihe p\.'al.; ... ummer grl)\llng peri,lu \\ a .. 
Ir,'111 4 . - III - , - ' 1 I'n a \lel \\cighl 

h'N . or ahllut - ' I . 1 he J .. III) \Ielghl 
g.lln, )1 Identified It ... h ranged Irl)m -

tll:2 g, II1dlcallng " dati) fl)l LI Inta\...e 
,'I 25-I-lCl g 01 \\hole anChl1\lc ... and 
,hrt mr meal \\ a .. te ~!th )ugh I d) 

nl1\ reClltnmcnJ thl' a hrlloJ die!. 

It 1\ nl'l e\rell'"C F lllld el) h during 
thl' rerlllu \lere arpro\lmateh O. Ih! 
!-g. l)r .() .• 'O/\...g l11 \Ielght gain Jur­

Ing the ummer. 
unl\al Juring the ummer \\a., 

- ~ percent. but pre pa,~ nll1g ml nal­

il" \Ia high Thl \\a primaril" 
due to \...Idne\ ui ea e anu 01.' urred 
at a high rale l1n brol1d n h reared 

on thc ur~ diet a~ \\ ell. Brot)u tl h 
\\ ere allo\\eu W ll1ature In the p n 
anu ,pa~ ned in )\ember-D ecember 
1972 a 2-year-old adult . Th~ fer­

till!) ranged from 10 to 8: rercenl. 
ct)n~iderabl~ beller lhan in pre\iou 
) ear~ ~ ith age-3 ~pa\\ ner. Fertilil) 
of the brood coho reared on the Llr) 

diel \\a reporteLi to be in the same 
range . Reci proca l cro e were made 
with 3-) ear -old ~ ild pawner return­
ing from the open ea to our fre ' h­
waler ha tcher) to compare e-,.ual 
fertilit}. We concluded fr m this 
experi ment Ihal the infertility prob­
lem wa with the cullured females . 

Brood fi h that escaped during the 
tran fer in June 1972 entered Beaver 
Cree!- th a t fall t pa~ n a 2-year-old 
fi h , and the . ize were approximately 
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Figure 13.-Frequency d istribution of we ight 
range 01 accelerated coho salmon (1970 brood 
year) he Id lor brood stock . During the 92-day 
period prior to spawning (as 2-year-old adults) , 
the average daily we ight gain was 15.4 g. 

the same as those cultured in the net 
pen . The range f ferti lit y wa the 
ame a for the fu ll y cu ltu red A h. 

even th ugh they had at least 3 mo 
of acti ve feeding in pen water. 1 
can o nl y deduce th at th e nutritional 
requirement - for brood fish mu t be 
met much ear li r in the lif cyc le 
th an we a nti cipated. probably within 
12 1110 after swim up . This ha se ri ou 
implications for th se farmer who 
want to culture bra d tack . The co t 
of coho eggs to th grower i - 10 
per 1.000 eggs. Average fecundity 
of thc 1972 bra d f 2- ear-old adult 
female c ho was ove r 3.000 egg . 
Thus. the a lue of the be t br od 
female may be in e. ces of 30 each. 

urvival and ferti lity of the e fi h will 
be ritical factor in the economic 
of brood-A h farming . 

Table I .-Growth records (1972) of Individual 
accelerated coho salmon in the last phases 01 
their 2-year Ille cycle . 

Fish Date of Fish 
Weight ,ncrease 

Number Measurement weight Total Per day 

Grams Grams 

6- t5 1.570 
9-15 4 150 2.580 28.0 

'0-31 4450 300 4.9 
2 6-15 1.950 

9-1S 4.200 2.250 2J.5 
10- 6 4 .000 -200 -95 

3 6-'5 '650 
9-15 3,500 1,950 212 

11 - 5 3,550 50 098 
4 6-15 1500 

9-15 3.600 2100 228 
11 - 5 3450 -150 -29 

5 6-1S 1.480 
9-15 3200 1 -20 187 
9-2- 3080 120 -10 a 

6 6-15 1400 
9-15 2200 800 8 -

11-2; 1 -60 - 440 -60 

ENVIRONMENTAL REQUIRE­
MENTS FOR THE NET-PEN 
CULTURE OF 
PACIFIC SALMON 

The most crit ical elemen!'.. o t th e 
enviro nm nt of sa lmon are ..... ater telll­
pera ture a nd di~solved ox~ gen . 1 n 
the Puge l Sou nd area. we recommend 
that grower ~eek locations th a t do 
not range much below Xo In th e 
winter nor hi gher than 16 ° in the 
ummer. The pr blem of dt~ea\e are 

much greater at the e levated temp<::ra­
tures. tudi es relatilllg temperature 
to gr wth and feed c nVt:r~ion ha\e 
been conducted for several years and 
will providc grower with the infor­
mation nece ar to optimize their 
operation 

We found that the di 01 ed xyge n 
content of the open water varic 
con iderably during a day. Monit o r~ 

were upended for 24 hr in the pe n 
w ter and in a 10-111 diameter pc n 
with 7 mm2 m h pening ' containing 
8- 10 kg of almon per cubic met er. 
The difference between the hi g hest 
and lowe t concentra ti ns f Ii Ived 
oxygen of th e open wate r (or that 
day wa greater than an ' in tantan­
eou difference between the open ...... u­
te r and th e inside rthe pen full cf n h . 

ommercial farm in Pu get und 
ha e occa ion a ll) experienced rela­
ti vel low concentration of dis o l' ed 

xygen in la rge net -pe n during lack 
tide . ome of the~e pen a re 20 m~ 
or larger with fish densitte, up to 
16 kgl ma The Clnstant S\,\lmllling of 
the A' h create curre nts that force 
ne\'\ water through th e pen H o\\evcr. 
there are limit to th i l) pc of e.\.change 
We have not bet.:n able to undertake 
ludi es of the pra Il cal limll~ of net­

pen ize at our e\.penment .,tatll)n . 
but ..... e plan to do -.0 In the futurt.:. 

The effects I. f hlgh-dt.:n\lI\ nt.:!­
pen culture on the en\ IrClnment .Ire 
being ,tudled ..It l ur ~tatll)n 1 n thl' 
\\ ater. the net pen, pre,enl a ,uh­
strafe fl.)r the 3tlJchmenl pI \ ,lft"U 

~peclc" l)1 Illd rQph)l\.:. nll'llu'l". 
.lIld l)ther rTHlflnl' "rg.1I11 m l ru 
ta.:can <1ft.: attracted II' Ihc grl'" Ih 
~l nJ Ihl' L In turn allr,l.:t m;J1\ li,hc 
Predatl'[\ thhc' _lI1d bird, .Ire allr. d­

ed b\ the 1 lalier 11 ht.: _ 

1 h~ "C .l Ilol'r hl'nl'3th Ihe ~n 
.lllractcd Il .. tft h~ .lnJ L'\L'ral ~ I 

1'1' ':[,Ih, and C("hll1< dl'rm In Int.: '1-
Clnll} Ill' th e n'-'t pL'n Ih.11 h.I'(' I "0 

In U\C f r n:'l:.lrl.:h purr'''1.: "I '\cr 
4 )ear" . ..... 1: h • .t\l' III t hCl'il .. hit- 1<' 
l,b"cne al1\ d,-,tnmt.:nlal ('(kef, "11 

the ... ca hnlt,)Jll . H ~"\L·\el. In Ihe \ 1-

Clnl l, ", th,-, rJillt !'HIll "pel.tll"I1'. 
the l'fTec{\ of mcr1eedlng \\l.:ll· 1..'\ I 

den!. rhe Ul'po,i1Il'n ", l'\ce" I", d 
00 Ihe hotll.'m cre..lled '.lI1l1I1Je'tI .lt>k 
hahttat for h'llh li ... hl" ,wJ 't.:l.kIlIMI 
organ"nh_ Rc..:,'\cn l)f Ihe ""tll'lll 
to 11\ natural 'tat..: ha ... hecll ... 1"" I he 
prohlem can he alle\J.lled h\ kl:llil1g 
n more th an th e OrllllHl111 1.1111'11 

for gro\\lh or food COI1\C",,110 

COMMERCIAL 
PRODUCTION FARMS 

BOlh coho a nd chln,H.k '<1111"'" 
were harves ted Irnm the rtl"l 1,lfl11 

bet\\ecn Decemher IlJ7 lund J ul1e 
197'2. The gruded fish ranged tn ,II\,: 

from 170 to 'lOg. One "f thl' )1111 -

po'e~ of th e pilot farm 11.1' III ~.kler­

mine h ...... I,\ell the rCSI,tllf.1nt Ir.ld ... 
",ould respond to ,,:tlnwn al .I "'llL' 
ne ve r herore <1\ ailahlc cl'lllpur.lhk 
to that I.f lml11erClall~ gnmn 1.1111 
b w troul. numher "I " lltle 
\~ cre ~dected fm the marht Ic,I,. 
an d In 1ll0~t cusc,> Ih ... "hll!e ... ,d ... dl'­
(rtbul or were ahlc II' ,,-,II thL' lll.tll 
salmon (dres'ed head ... ,In. ,InJ Ir<'hll 
in II1dllldual packag.:,} I,'r , -'kg 
In the future. Pu gt.:1 ')"lIlld ... ,111111'11 

farmer, \\ho 1.11.. ... adl.lnl;Jgl: .If Ih~ 

e:\pcn..:nce gained In th,-, )"111.'1 f,Hm 
and make thc nCCI.:"arl englnc~III1' 

corr..:ctl 'n ...... h,)uIJ ha\ ... Itttk dlllicull, 
in ,urp" Ing prl'l1l1llnl qUothl It h 
III a gn1\\ln g murk':l (h(llh ndllelldJ 

and Internalll)Il,l11 at .1 prl'IJI Ie 
pnl..e \I.lfkel.lhle I"h 0 _ 'i C 1,;.1 h 
can hI..' grl"\ n ,It .1 1.ltc 1 I I - mllit In 
Ihhlh.t/~ r (Jer~'l1dll1g l n Ih~ kpt 1 

III the I1ct )"1"'0) 1 flu 11 til t 
len ltltk lIll.IU .Ire uppl 

rn.tr d derll.lOJ 
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Figure 14. - Acceleraled growlh of coho .. Imon 
from the 1970 brood of Skykomish River halch· 
ery slock. 

the rate of gr()\\ th and rearing den­
Ittes of coho ~almon In net-pen cul­

ture ( O\otn~. 1972) 
Although the number 01 cllhll 

hlpped to mark.et \\a onl) light" 
more than 10 percent of the numher 
of eggs tak.en . a large portton of the 
10 was due to cLfrectable engl neer­
ing problem Rel,;ent foreca t\ ba"ed 
on well-de Igned y tem tndl ate a 
harvet of o\cr 60 percent Irom the 
wim-up fr) ~tage:1 In one e'pen­

men!. we were able to rear 70.000 
coho from the fertilized egg to ~molt 

Ize With over 95 percent unlval 
10reover. coho molt tnJected With 

a VIbrio vaCCtne uf\lved the critical 
spring and summer months (tncludlng 
biweekl) handling for growth mea-
urements) \\Ith over 95 percent sur­

vival. with no antlbiottc treatment . 
ee no dlfficultte in proJecttng a 

urvlval of greater than 0 percent 
from the fertilized egg to market tage 
tn the next 5 year. 

EN HANCEMENT OF 
SPORT FISHERIES 

Puget Sound. a an tnland arm of 
the sea. is an idy ll ic marin e recrea­
tion area for much of the yea r (tn­
c1uding the wi nter) . II i e pecia ll y 
appreciated by sport fi herm e n w ho 

3Richards. J. A. , C. V. W. Mahnken. and G. 
K. Tanonaka . 1972. Evalualton of the com· 
merc ial feas ibi lity of sa lmon aq uaculture In 
Puget Sou nd: A prelimi na ry analys is. orth­
west Fisheries Center. NatIOna l Marine Fish· 
eries Service, NOAA. Seatt le, Wash. 47 p. 
(Processe d .) 

like to hs h lo r coh l a nd c hln o(l k 
\a lmon nl o rtun a tl!1\ mos t o j I h t.: 
ha tcht.:r\ -rt.:art.:u fish 0 1 tht.:st.: ' pt.:C It.:S 
mlgratt.: ()ut through Iht.: "'oun d til Iht.: 
open se<l <lnu art.: unavallahle III the 
sport [i,herl11an e,cept I (II' .1 ,hort 
tlille dunng their return .l\ ,Iuulh 

Blologl\t, III the W,..,hll1g\lln .... Ioltc 
[)ep.trtment \11 I "hem;, (\ \ I I ) Illund 

th.ll II the) dt.:la)cd lelt.:,!"ng tht.:lr 
fish unttl t.:arl) summt.:l'. n1l1,t (II the 

salmon \\ (lulLl e,tahl"h rt.:'IUcnc 111 

thc "'(Iund anu hCClllllC avall,lhk tIl 

the 'P(lrt fi,her~ lIn " \ caron 'UIlU 
ha,i, Hn\\c\cr . '11l1,;e hatche~ ea­
pacltle, arl! limited In the nllmhcr III 
pOllnu, III Ii h th,ll call hc pfl'duccd. 
thl\ prohlem Clllliu he ,tlle\ I,lteu h\ 
tran,rcrnng tht.: It,h ttl ,alt\\att.:r p~n, 
anu re.lflng them unttl the ,ummer 

I r latt.:r . 
\\~ hq!<lll a elhlpl!ratl\e tlld) \\lth 

WDr tn I Y7 I tIl rt.:ar ,l\1:1 70.0()O 

L)ho \earling fwm 'prt! untt! JlIl~ 

lhe ... e ti,h \\t.:rt.: IlhlJlnl:Ulrlll11.1 h.lt~h ­

en In thl; 'lluthl:rn P,lrL III Pugt.:t 
, ounu Rl.:lurns 1)1 markl:u l1,h Irl1m 

thl' e pl:nment tnulLatl:d tht.:\ v\at.: 
contnhuting \\1:11 tIl thl: I 'cal P,)rt 
li,her~ . In Ihe fall 01 1972 . the mature 
adult returneu to lam 8a\ anu en­
tereu the fi,h lauuer In Bea\l:r re~k . 

The return, t) 8ea\er reek \\ae 
bet\\een 0 ,6 anu I <i percent ,I the 

numher reiea'eu In Puget ound. 
I11Ll,t hatcher) return~ 01 Cllho range 

from 00: to 20 pcrLent. Thu . It I' 
apparent that \\e can alter th~ migra­
tor~ beha\ lor pattern b\ e"\tcnutng the 
culture Into the marine en\lronment 

uch a practtce could ha\e dl\tlnct au­
vantage In Ii he~ management 

Imtlar l:'penment in Ala,k.l leu 
to 15 percent rcturn III c( ho to the 
reari ng area. a llow Ing lor e"pan"'lon 
of Itm Ited natural j re~h\\ ater hab l tah 
at min imum e 'peme ( Ic ct!. W . J . 

u ke Ba) Laborawr). altonal 'vl anne 
F-i her ies ef\ lce. 0 uk c Ba). 

K 9982 1, pers . comm u n.l. 

In the fa ll o f 1972. we noted 1\\ 0 

addit io na l group o f coho e nt e rin g th e 
Beaver ree k fi h ladde r . The e we re 
identi fied (by mean of t tracy cltn e 
m ark in th e verte brae pr duced b) 
a ntibi o ti c in th e fe ed) a re turn fro m 
u byea rlin g a nd yearling (brood I ck ) 

fi h th a t had e caped from th e pil o t 
fa rm experi m e nt . The return co n­
sisted of m all 2- ear-old ma le from 
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th t.: ,uhyt.:a ll ing t.:,ca pc anu la rge 2-
vt.:<lr-old l11ale, ,tn u fema le ... Irom th e 
hrnl1d,tClck e,cape. r he hrood Ir~h 

(I \t.:ar,) hau rem.llncd In tht.: gen· 
t.:r,t! .lre.1 lor mll ... t 01 the ,ummer and 

cllntrihult.:d ht.:il\tI~ to a 10c,11 'port 
Ihht.:n . \ e t.:'tlll1.ttCU th<lt on \t.:\t.:r,tI 
v\ed.:eml" ,.., 111,ln) 01'> 100 01 th\:w 
II,h \\ ere ht.:lng c<lught pt.:r UiJ~ , f he 

eilf!\ e'l,;apce, hllh)e.lrlrng~) rangt.:u 
nllrth .tnU '"llth 01 (I<lm Ii <l • dnli 
1ll.ln) \\t.:re to\l.:t.:n III I numh r ul the 

popul'lr l1'hlng arc,", III Pli 'ct "'"und 
r ht.:'c cuh" "ae t.:.t,rI} rCCII"nll U h) 
\\'D I palrl,1 pllleel' ht.:c<lu\c 01 tht.:lr 
fl11lnueu c,tUddl lin . T hI, 1'.1 pecullar­
It \ 01 almon redfcu 1 n net pen, at 

high d~n'lt\ "Ir II ng period., < nu 1\ 

e\ lut.:ntlv due tll <lhr.I'lon Irum the 
\\ ehhtng. 

I he rt.:turn III tht.: e t\\ II group, III 
~llhll \II Bca\er (rlOek ",uggt.:,t, that 

tht.:re mu,t I'll: a t.:llntrolltng laCt r I 
lime rl:iea'l: Ilr lie ('II lI,h that ueter­
mine, \\ helher nuturl: "uult \\ III re­
turn a' 2- (Ir J-}I:dr-dd ,pawntng h h . 
r he J-\t.:dr- Ilu auul" In m the ,uh­
\ I:arling li,h are e peclcd to return to 

lam Ba~ 111 the fall I)!' IY"'1 ~ 

Rl:turn tll the Puget \lund p'n 
li,her) III lall Chll1l) lJ... ,almon reared 

Y-12 mIl In saltwater pen ha\e hcen 
t.:\ I:n I1hlre cncI luragtn g hI; reCIl\ e~ 
III t<lggcd or marked I;hrnook ,almon 

in thl: "Pl rt ti,hen ha rnulcateli a 
han e ... t 1)1 1--20 percent of the numher 
rl:lea,ed. \\ hlLh " c\cepul1nal (H a\\. 
r \\ J,hlngwn Department I i. hl:ne 
Oh mpla. \\ a,h per Cl'mmun I hl­

nook ,aim n relca ... eu trom the nel 
pen have al,o Lhanged their migra­
tor) beha\ll r and not onl) e tabll h 
re luen ) tn the ounu. but a l 0 re turn 
t I tream c1o ... e I t the pen-rearll1g 
area~ 

DISCUSSION 

In itia l re~earch o n the ne t-pe n ul ­
ture 01 Pa l lic sa lmo n in Puget o und 
ha- leu to a grO\\ ing numbe r of com ­
merc la l a nd e 'penme nt a l fa rm . Thi 
ue \ e lo pme nl h a a l 0 led t a need fo r 
pro vluin g th e te hn o l g) that will in-

rease th e eftlc ienc} o f a ll o pera ti o n . 

PotentI a l growth f the inuu Ir) ha 
been outlined . a nd a n e lim a ted -9 
million Ib o f fi h food \\ill be u ed in 

'A nu mber of targe 3·yr-old adult. from 
the e subyearlmg fish . did return to Beave r 

reek m O\'ember t973. 



Puget Sound almon mari culture in 
197 3 alone.:; On th e basi of market­
ing evaluati ons of th e pi lot farm tudy , 
there hould be no difficulty in moving 
the 4 milli on Ib of pan- i zed almon to 
market th at are expected to be pro­
duced in Puget Sound in 1974.(; 

Interest in th e net-pen culture o f 
Paci fic almon ha spread. Coho al­
mon are now being rai ed both com ­
merciall y and ex perimentall y on th e 
ea t coa t of th e U nited State and are 
being considered for culture opera­
ti ons in W estern Europe. 

Through the efforts of pa t tech­
nology, we have been able to e tabli h 
the beginning of a ound farming 
sy tem in sa lt wa ter with th e coho 

5True , E. H. 1972. T he potentia l for produc­
ing feed for sa lmon cu ltu re in the P uget 
Sound area . MB A thesis, Un iversity of 
Washington, eattl e, WA .98 195. 101 p . 
6W agner , L. C. 1972. A n eva luati on of the 
ma r ket ror pa n- ized sa lmo n . Prepared for 
the Marketing Research and Service Divi ­
sion , N atio na l Mari ne Fisheries Serv ice , 
NOAA, Seattl e, W ash. (Res. contrac t N o. 
N208-0344-72N ), 50 p. (Proces ed .) 

almon. FI generat ions of totall y cu l­
tured coho will be enterin g the market 
in large num bers. 

H owever , a great deal o f ci enti fic 
informati on re lati ng to almon bi ology 
i needed by grower . We are probabl y 
at th e ame thre ho ld th at th e p ultry 
industry confronted 50 year ago . Th e 
fie ld of engi neering, nutri t ion, gene­
ti cs, and di ea e, along w ith environ­
mental qual it y wi ll all appl to almon 
farmin g, T he burgeoning problem of 
fi ndi ng appropr ia te protein resource 
to supply the increas in g demand for 
fi h feed ca nnot be taken li ghtl y. 
Expan ion of thi indu try wi l l be 
li mited to the techn ological effort th at 
is appl ied to it , either by private enter­
pr ise or by the government. 
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