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WELCOME

John Dapcevich, Mayor
Sitka, Alaska

My campaign for election to mayor i> very fresh
in my memory. The first lime I ran tor public office here
in Sitka was l9 years ago and I had a l9-point platforin.
One of the points on the platform was to establish fish
farming in Southeast Alaska. After 19 years, 18 issues
have been addressed; the l 9th has not been worked out
yet.

My idea is a little different from the mariculture pro-
gram. In my travels throughout Southeast Alaska  and
I' ve lived here 60years! I' ve seen a lot of small streams
that don't bear fish. I thought the state could establish
a program by a lottery system or a permit system, so
that people could obtain fish eggs from a hatchery, and
enhance the streams by planting eggs, These people
would have the right to harvest the tish, and manage

them. If they overharvested, they would only have them.
setves to blame. I still like that idea, and I think this
is an appropriate place to mention it.

What I'm really here for is to welcome you to Sitka.
I was hoping our weather would be a little better. but
you who live in Southeast Alaska know tha  this is ac-
tually very good weather. We don't have to shovel the
ratn. Anyway. this is a typical late fall day.

Sitka is a beautiful place to see and there are lots
of things you can enjoy here. I understand you will have
a boat tour if it is not too rough. That should be very
enjoyable.

We hope that you have a very fruitful conveniion
and that you enjoy Sitka. Thank you for coming.



INTRODUCTION

Donald E. Kramer
Program Leader, Marine Advisory Program

Anchorage, Alaska

f'd like to add my welcome to that of the Mayor.He should have mentioned that the weather is very
cable here and probably it's going to chang» from
very good weather to even better in a Iittle while,

This is the Foutth Alaska Aquaculture Conte rence.
The ctmfierence is sponsored by the University of AImka
Ses Grant College Program and the University of Alaska
Marine Advisory Program,

The first three Alaska Aquaculture Conferences
were primarily concerned with salmon hatchery opera-
tions, or salmon ranching, although oyster cuhure and
trout reariag were discilssed.

The planning for this con fenence started about four
yesrtt ago with Curt Kern», aquacuiture tqwtcialist for th»
Marine Advisory Program. and John Doyle, who was
«t that time leader of the program, For various reasons
ihe conference was postponed several titnes; we would
have preferred an earlier date,

We have two objecalves for this conference:
To penvide basic information nn aquaculture for
profit Iseaweeds, shellfish, snd tinlichi t«
AIas4n» who are interested in ctittting sn
Iuplacullllre huline»».
To pm vide »tune information on the pro» snd cons
iif finfish squscuhure in Alaska, epeciftcally of
saimonid culture

Biith the conurterctsl ti»hmg inductry snd the sub-
sistence ti»hery m this»tate sre extremely important,

and no one wants to jeopardize them The recreational
fishery in the state is becoming Increasbtgly important,
both as recreation for Alaskans and as an industry in
the form of charter boat snd fishing kdge activities. Cer-
tamiy, no one wants to jeopandize that fishety, either.

The marine advisory sgem tn Dillingham is organiz-
ing a conference on recreational fisheries as a business
for that part of Alaska, and 40 villages are going to par-
ticipate, This is one example showing the increasing in-
terest in recreational fisheries ail over the state,

This conference is going to cover a wide range of
species, We wiII cover seaweeds today, shellfish tomor-
row, and finfish Saturday. In addition, there are two very
important panels. The first one is on permitting, and that
panel starts this evening st 7:00. The other panel is on
the pros and conc of sstrnon aquaculture, which isscheduled for Saturday evening at 7:30. A very irnpor-
tant part of these panels is the interaction of the psnei
participsntc. i entxiursge everyone to attend these panels,

My hope for the participants is that you come away
with increased information on how you go about set-
ting up itn aquaculture business and what «re some of
the pitfalls. And second, I hope we can get some of this
information uut to the people of AIaska, since there are
going io be some very impottant decisions made in thenext few years, even inonths, about what direction
aquaculture should take iri the state.

In closing, I would like to congratulate the programplanning cominittee, especisIIy Dolly Gatztt who chairedthat committee, for preparing an excellent program.



LAMINARIA AQUACULTURE IN BRITISH COLUMBIA

Louis Druehl
Simon Fraser University

Burnaby, British Columbia

Kelp Life Cycle

KELP AS FOOD

Ntgtritiunal Value

This paper is about edible kelp, particularly the
Laminaria species, which are in great abundance in the
Northwest Pacific. hlon-edib!e kelps, harvested by the
megaton in California, are used mainly for bulk prod-
ucts such as alginates, which are emu!sifrcrs in such
things as salad dressings. Kelp a!so is used as a feed sup-
plernent for cattle and chickens and such. Non-edible
kelp usage involves a large amount of material that is
not amenable to cultivation at this time.

What is a kelp" .A ke!p is a large, brown seaweed
such as thc bull kelp commonly seen on beaches. The
word "kelp" is Celtic, and once referred to the ash of
large brown seaweeds burned to produce alkalai. As time
went by, the word was applied to the seaweeds  hern-
selves.

The life cycle of a kelp is unlike that of familiar
higher plants and very un!ike our own reproductive cy-
cle. Kelp plants exist in  wo generations: sporophyte and
gametophyte. The plant of interest as a product is the
sporophyte, which can reach many meters in length  Fig-
ure 1!. The sporophyte has a root-like holdfast, a stern-
like stipe, and a leaf-like blade.

Ke!p p!ants  sporophytes! undergo meiosis � reduc-
tion division to produce reproductive cells � in very dis-
tinct, dark areas on the blades called sori, Flagellated
spores released by the sori swim for some period of time
and then settle out, growing into microscopic male plants
that produce sperm or microscopic fernale plants that
produce eggs. These microscopic plants are called game-
tophyte s.

The sperm lertilizes the egg in situ, on the fernale.
Embryonic sporophytes initiate growth attached to the
female gametophyte and thus to the substrate occupied
by the fernale.

f want to compare two of our most popular food~
in North America on the basis of some of the features
people use when they evaluate food, We have compared

*ushor's address: Detsarrmerrr oi Biological Sciences. Simon Fraser
University. Burnaby, Bririah Colirmbia, V5A isri, Canasta.

Fourth Alaska Aquaculture Conference 3
November 1987, Sitka, Alaska

the edible kelp. Lrrrrrinarr'a and the not-so-edible food,
cabbage.

Table 1 shows that ke]p has about twice the food
energy. The foods have about the same protein content,
but there are more carbohydrates and lipids in Lariri-
rraria. Kelp carbohydrates such as mannitol are, how-
ever. indigestible; humans don't have enzymes necessary
to break down these compounds. Table 1 shows that kelp
far outshines cabbage, at !east for its fiber. lwminaria
also compares favorably to cabbage in an analysis of
various elements important to nutrition  Tab!e 2!.

There arc some problems. Kelp � brown algae in
general � are famous for their ability to accumulate heavy
metals and a variety of other substances, such as radio-
nucleotides, in concentrations far above what rs found
in the return! environment. Ke!p harvested in an area
where there is mercury, copper, zinc, or arsenic in the
water will normally concentrate those elements.

Figure 1. The kelp hfc cycle Meaiuv iR'i eccurv on rhe l.rge
vporrirshyte giving rise m nagenated spnres Tlie ~padre~ givs .oi.
micrnsc<ipic rnalc and iemale ptanis



Tabk l. It<ra<re <i<<<rata<asar bur porianr ruatareu nf Laminar<'<r Cam-
trarv<t <o rabtNae,

Uanc per Inn t< dry «ergh< tart<i<rona Cabbage
i i<<id f~rg> keel 43 2i4
Prruern s I 7 t2
t.<prd g 06 0.2  arb rhydrai<" 9.6
Piner g l.3 og

rl<rrrrrrrarra er<rh<rhydru<e< ure considered rndrtte«rhre by humans

Hcadth Scnaflta of Kelp

I want to preface thi» section by saying that aU these
benefits have been suggested in folk medicine, particu-
larly in thc Orient and ta a lesser extent, in Europe. And,
morc recently, by using ral research, it has been foundthat these benefits might bc applicable to human beings.
None of these have been proven lo benefit humans. but
that does not stop people from buying kelp far these rea-

4lwer choIester<!t levels
Show antttumar activtry against sarcoma-180

ascitcs cell~
IArwer blood pressure
Reduce hypertension
Gleiate radio-strontium
prevent thr<rnrhosts

Hrstoricafly, thc m<sst importam use of kelp has been
~ a auuree nf iadine. IudinC as an elenlCnt was lirsr dis-
c<rverurd in kelp. kelp eascentratea ktdine sr il dries orher
etctncnts ltl fa<.'t. kelp has l0,000 lo 20.000 limei morethan an<blent levels of aldine ln a bit of dried kelp, up
lii I percent wouhl be «<dine.

ln Aata, particularly In t hina, kClp was initiallyfarnscd lust t<r supply <utc hillion pe<<pic with their «nlinc
rcqurrenicnts Thc Chine<re use kelp ss we usc iodircdsalt

t 'ullnary ['ruea fnr Kelp

Table 2 Concentration of some nutritional ek<aeaa< of Larninana
und cabbage,'

Lamina riaMg per 100 s dry <rreigbt
Cabbage

168
2.9

I2t
233
89

t.2
O,l
0.2

42

Cutctorn
tron
rut ago esium
Sodium
PotassruIri
Zinc.
Copper
sganaanesc
Pbosphirru <

47
o.e

ts
t8

246
0.2
0.02
02

23
'Anon. 1984

CUI TIVATIlkiG KFLP

Why cuttivatc kefp, when >e know there is a lotilf kelp griiwing out there naruraily".
The I:c<rss item

mouths � our taste buds � so we are more sensitive to the
things wc eat.

Thc larger cities in B ritish Columbia and south have
kelp products in health food stores, and to a iesser ex-
tent. in Oriental shops. There are few of these Oriental
shops around. The reason for this is that the people who
grow kelp and market r't, particularly the local kelp prod-
ucr. are not professional marketers. And they' re lazyin the sense that they don't want ro go to town. They
like tt on the beach where the plants are, so they go to
the one place where they know they can make a sale,
and that's the health food store, In time, people willbreak oui of that and put some energy into marketing,and sooner or later we' ll start to see kelp in the super-markets, If our food habits have been changed enough
so that we ear tofu, we can learn to eat kelp. We have
t<i educate people to like this kind of vegetaMe.

The retail price of kelp in British Columbia variesfrom about $35 to SM  Canadian! per dried kilogram�.2 poundi!. That's quite respectabfe.

fh< ir «rc It<any Iufrancw drihci that us< kelp I«iiii I lrit the<i< tree'a<ice lhe pe<<pic I a<irk v<ith m British 'iilurtrtlia ur C niir parti<'ularly rrtferected ln C<rflrpetingtiir Ih<' J.risrn«< rr<arkel rn Ihe kelp husineis Ihey'rC
Ir< ir<g Ii f<a k niiirC tii ii<rrth Arrlerrcan tasrei.

I'li'r<' Jic a<<rile iit !he pr <<du< I< iin et<<re ihefccc rrlN irrh lirarr<,«<<@dred kelp. pickk'd kelp,,ind J carrotyi I ~<<<fr< In the crr<rp< Jrrd etc« i, kelp;<ppcar< In «inlc' if<<hi<<alii<i< siicti l<c with stir'<nip. Ai l<ir pasta krdi whncal <prr<4ctr n<r<rdfec can ccrtarnf! bc made r<i cat kctpn<uglci I'herc,ifsii ure chips and r,rackers. Wc have<ice p tr ied thc kelp atter dipping it In h<incy . rh<'.n iprin-kfcd lt with <csarrrc seals Ftrtally. kelp ii sold ai 4 iprcelt c<rfltarf!i <laturirl innfl<iiildiunl gluuinla[e ln 4 'v<'fy ki<csluantity The function nt thii unique molecule ri simp-ly ul drlaic snd sensitize rhe nerve endings <n our

Kelp exists m a large, very complex and poorly un-dcrsr<r<rd cciiiysrern. There are little things  har live onthe plant, like snails, which themselves are food for suchthings as r<rckfrsh. While rhe snails are eatirlg, they reusual lv skippy; they eat something for themselves, andthey brcak oft' biti. Some of these bits fall down imodeeper water tn soft bonoms, get eaten by worms andnl<illuiki and so on, which, in turn, get eaten by a lot<if our flat fiih, halibuts and sole and so on, Other bits<if kelp gcr eaten by ihrrmp, copepods, etc., which, inturn. arc eaten hy herring and go up the food chain tova nu n The iea urchin is a very vi
gorous kelp eater.ll « ill cat the plant rn<trrectl> as dislodged fragmentsor In rirnes of limited kelp it vcjll attack rhe artachedplants themselves.
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When considering harvesting wild kelp, one realize
that less will be lef't behind for these other processes.
We can't take something away and have it there at the
same time.

Some time ago, we did an experiment in which we
harvested some hfacrocysris and then we looked to see
what happened afterward. I 'in not going to go into detail.
hut this is an exainple.

Ulv<r is sea lettuce. It's a green-bladed plant about
a foot tall. After a period of' harvesting, we observed
that where we had not harvested there was very lin!c
sea lettuce on the bottom of the ocean. Where we had
either partly or complete!y harvested Macrocyrris, we
had a lot of V/vu. Whar this means is that we had
changed the composition of the other p!anti in that area.
That means, going a step further, that we had chan.ged
available food far any animal that might be in that area.
Now, that change might be for the better, or for the
worse. We looked only at the sea urchins, and when we
compared an unharvested area with a harvested area,
we found that there was about the same amount of plant
material produced, but it came from different sources
in the harvested area. It came from some of the sma!!er
p!ants that increased their growth when the big plants
were cut back.

When wc harvested the urchins and compared their
roe, which is a commercial product in British Colum-
bia  and I believe, in Alaska as well!, we found a decided
difference, a decrease in both the quantity and the qua!i-
ty. So there is a price to pay, and we can dernonstratc
in the field that the price is real.

Growth and Harvest

When growing kelp, we arc not only growing kelp
for ourse!ves, we are growing kelp for the whole eco-
system.

The plant grows from the bottom, That is where the
new tissue is added, so the blade gets !onger and longer.
Meanwhile at the far end it 's eroding away, fa!ling off.
There's a point at which the growth ai the bottom equals
the rate at which the erosion is happening at the far end,

We have calcu!ated, for farm plants, that what the
farmer takes off at the end of the year reprksenh rough-
! y half of what that p!ant produced, The other half has
sloughed off and gone into the food chain. We are ac-
tua!!y feeding things in that environment with excess
vegetable matter we. produced and could not harvest. Na-
ture just took its dues.

There have been quite a few studies done in our
province an the effects of harvesting Lamirtaria from
the beach. In other words, foraging for it at low tide.
These studies have shown that it takes about three years
for the plant community to return to where it was at the

int of harvest. The dominant species in thar community
is the plan  we want to harvest. We can arves iharvest it once

every three years, i a,t ap,� "rs, so that puts a restriction
on what we are doing.

People who have attempted to make a business of
harvesting wild plants in British Columbia have found
that tides restrict when they can harveit. Although
SCUBA gear is an alte:rnative, it's cumbersome for hand-
ling lots of plant materur!. Those who harvest wi!d planh-
find it difficult to guarantee a regu!ar supply. People are
n«r wiBing tO promote a prOduCt if a regular SourCe can' t
be guararnecd. These are some ol' the drav backs t<i
counting on wild stock,

On the other side of the coin, the kelp farmer isn
harvest whenever he wants to. He does not have to de-
pend on the tides «nd the weather. Also. planti grown
in farms always are n>uch larger � for reasoni wc don' t
understand � than anything in adjacent areai growing
wild. In fwmirraria groenfunChcu, wild plants weighed
around 347 wer grams. Cultivated plants were about
twice that. In Cvmarhere rriplis.rua. another edible kelp.
cu!tivated plants were not quite double in iize. hut deti-
nitely were bigger. hfrrcr<i< saris sh<iws a cons<derahte
difference in size between cu!tiiated and «ild plants.
The cultivated p!ants are»o !urge rhat they are hardly
recogmzablc as the seine ipeciei.

Kelp ln the hlorthwest ~!fk

Why grow or cultivate kelp in the Northv est Paci-
fic, including Alaska" .First, nature has urld us thai rhii
is a go<a! place to grow kelp. We'rc not g<iing t< i hc c<nii-
peting with people in Mexico or Chile or anywhere e! se
for the varieues of kelp species available for <x<r cft<irts
In our area, fOr example, we have IS genera and 50
species of kelp. Thii tells us that this ii good couniri
f<ir kelp. It ii only equaled by Hokkaido, Japan.

Although there are many ke!p that are t'ound much
further north and much farther south, there are a 1<it <it
kelp thar either terminate their southern di.strihuiuin <>r
their northern distribution in the general area of Van-
couver Island. This tells us that this area is very diverse
environmentally and supports many species. The diver-
sity of environments is very encouraging to a fariner.
Thar means that he can have greater options in the kinds
of products he might be ab!e ro raise

A historica! oil painting made near here shows the
wea!th of kelp early explorers saw when they firit came
lo the coast. I' ve always been very envious ol these peo-
ple for discovering aB these rich kelp beds, all rhese
brand new species. Those explorers made great sacri-
fices � they preserved the kelp with their wine supphes

Types of Edib!e Kelp  Figure 2!

Alariu. Thii is the c!osest we hair io  <nd<rr«i,
which is highly prized by the Japanese ai an edible plani

Laminaria sa<churinu. Sugar kelp <s i<i nanicd
because it has a sweet raste.

Cvmarhere rriphc<rra, Thii is the three-nhbcd kelp
Il i< the only kelp spec ies thar ii consumed in Japan that
we ihare v'ith them



Flare %em~ Ol C>rrrrahrre trqrlrr ara  lop lefl!, .dlana rrrargrrrara  lair nghrr. Larrrrrrana sarrharrrra rhOrlom erg'!, arrd Larrrrrranarrraenlgrrdrra lhrrrrnm iefl! Mrrdrfieg  rrrm Weel 1oer7.
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hami naria groentandica. According to the Japanese,
and now according to our own experience, this is prob-
ably the best plant for aquacu!ture of seaweeds in this
area.

Laminaria japonica. This is the competition, if we
are trying to compete with the Japanese. The plants are
very long, narrow, and thick. They are up to � m long,
and often they are no wider than the distance between
a thumb and first finger. The Japanese like the thick.
dark plant, and this is the king of them all from their
perspective.

Growth Cyc!e

This is the life his ory � how the plan  changes over
time � and this is very importam to the farmer.

The baby plants created through the sexual process
become obvious around March. They' re about half an
inch tall. They' re scattered here and there. including on
the beach. They grow rapidly in the spring, starting in
March. In the summer, their growth usually is slower
than their erosion. They lose tissue faster than they pro-
duce it at the bottom, There is a point at which the
growth in wid h and length stops, but the plams con-
tinue to become thicker. They a!so become much more
tasty then, which is very important.

They continue with the very slow growth, with lots
of erosion. They erode farther and farther back, until
the fal!, at which time they produce their spores and start
the new generation for the next year. The new genera-
tion shows up the following March. If the plant is an
annuaJ plan , as is the sugar kelp, Laminaria sacchurina,
the erosion takes place until the whole piant is eroded
away, and that is the end of that crop. h doesn't matter
if i 's on a rock or in a farm.

lf the kelp is a perennial plant, like laminaria
groenlandica, which will live for a few years, then ero-
sion never takes the whole plant away; some hing over-
winters, and then the p!ant starts active growth in
January. This active growth leads to the spring growth,

In the second year of growth, the plants are larger,
they are tastier, and they'rc thicker than at any other
time in  heir life history. That's when they should be
harvested. I have described a growth season af about
! g months. The plants actually are growing in response
to a changing environmenl, which resuhs in an unusual
growing season.The growth that we see as the plant enters its sec-

es nse to !ight. This isond year in January is not in respohappening in the Arctic Ocean where there is very lin eh' h
li ht in January. It is growing pom res nse to the ig

trients at this time of year. As the piant enters
boh�d te to pro-

its second year gr it is using sto car

duce new tissu .e. It uses this stor c y
s that allow the plantnitrogen to produce new membranes at

en~~J., but not in thickness.
In summer when light is g, nu ri

scarce, As the p an
1 nt enters the period when the nutrie nts
th can be observed more easily. nare scarce, grow can

spring it grows 10 cm a day, In the summer it slow down
and gets gradually thicker and darker, Chemical analysis
shows that it is richer in carbohydrates in the summer.
The plant uses the light for a different reason: to pro-
duce star& products that will allow  t to grow into the
fall when more nulrients are avat!ab!e.

But there is more to farming that Just leaving the
kelp for 18 monrhs. and then harves ing. The  rouble
is tha  when the growth has stopped and the plant has
 hickened. other things become interested in the phint
Thing~ can land on it and grow on lt, and these de ract
from the product.

Adapting Cultivation tn the Growth C'ycie

Erosion ts continua!ly removing the crop. I  is
frightening  o watch a crop erode while waitmg lor it
to mature. We have spent a considerable amount of time
figuring out how to beat this plant at this game This
is how we did it.

We plant our linle baby plants, niit in March as «e
see it happening in nature. hut as early as IJecember
These plants that are started m December grow a linle
bit and then they say, "Ah, il was great being a tirs -
year plant." ln January they starr growing like all the
other planLs, and they are now sei.'ond-year plants even
though they' re only a month old. ln June iir Ju!> iit that
same year. less than a half a year la er, we have plants
comparable  ii those we would lind in  he wr!d alter lt 
months, or farmed. simply hy manipularing the lite
cycle.

From spring to fall, carbohydrates increase. *tnrno
acids decrease, hu  we don' t knovr what to do alxiut that .
The ash ciintent decreases, and we kind of like rhai,
because we think the ash contenr gives the plant a hii
of a bitter tas e. And the dry weight as a percem iif the
fresh weight is increasing, and we like that. The final
dry weight is about 15 percent of wet weight So, if we
pick �0 pounds, it would be 
 pounds dried,

Techniques for Cultivation

The research I am about io describe was sponsored
for three years by the Ministry of Environment and it

Council for two mare years. 1 had three major research
assistants, Kitty L!oyd  who is now a ke!p farmer!, Ann
I.indwal!  who is an ex-kelp farmer!, and Robin Baird
Th k was done «  the Bamfield Marme Station andewor w .
nther areas throughout British Co!umbia. pe
farmers assessed our techniques as far north as prince

who wants to know what to expect in these waiers.

Hasegawa. and S. Kawashtma.
was verv e ph 1 fu!, showing sante ol their techniques, and
in Cjerntany, r. ue k an, 0 . K L ning showed us six lie il i 'k all
helped us cui in half the lime it takes iii ariiv a cr ip



Our research was geared ta produce an llidustry with
low capital requirements and could actually be operated
as a cottage industry, not massive farms involving tens
of thousands of dollars to establish. We envisioned a
small farm that could provkle all the money for, or help
pmvide money for, people who want to live on lhe coast.

Seed production involves working with plants from
thc lime they are spores through the sexual phase and
sexual conjugation up to the time the plants are about
4 or 5 mm in lengtll, less than t/4 in, long.

Seed production refers to praductian af small spar-
ophytes �-5 mrn long! suitable for outplanting on kelp
farins, Seed is produced in the laboratory under con-
trolled condilions, Three conditions must be met for the
production of optimal aced stack:

Thc parental stock, from which the seed is pro-
duced, must have the desired features of the final
product, and preferably have deinonstratcd good
growth characteristics under cultivation <x>ndi-
tions. The kind of seed we loak for is one thai
grows welt on rope, not on rocks, I' ll admit, the
first time around, thc farmer has to take a chance,
After that, try to pick thc breeding stock fram
plants from the farm, and be very conscious of
what that plant is like. Don't harvest all the best
plants and set t them and then use the scrawny ones
for yaur seed for next year, That's not good selec-
tion, Make sure you have the right genetic stock
when you stan your production,
The grower should snake sure the aced plants are
grown in a laboratory environment free of snailr
and other things that inight cat them, and free of
other kinds nf algae that might compete.
The kelp should be as vigomus and as healthy as
possible when planted because it's quite a shock
leaving the nice warm laboratory, with a little
Beeth<iven m the background, and Ming chucked
<iut ini« the c<>td Pacific Ocean in December. We
use a special n tedium that ensures these plants have
all  he nutrients they need and every advantage
possible. At tiine of <iutplanting, the seed musi be
healthy and in a physiological state that assures
c<irnpetitive success. Ta meet these condi ians,
fac<h <es f<ir sterilization and culture media
preparation are required. Culture facilities that in-
clude access to a sea water system, unific<at il-
lumination, and aerati«n are required.

2,

The three cnteria, good srack, n<> competitors when
producing the seed, and good nutrition, are necessary
forg<xtd vigor of the plants that are going to be set out,

The cycle begins when the plant is picked up in thc
field, and usually this would happen around October in
Alaska. At that time there is a dark patch on thc blade

called thc sorus. The darker tttat patch, the better. That
is where meiosis takes place,

The plant is taken into the laboratory and put in a
dark cool place, around 50 degrees, such as the refrig-
erator. The sorus goes into a plastic bag with soine news-
paper that has a little lresh seawater on it. This keeps
it moist. Twenty-four bours later it should be taken out,
and the sorus cut off and put into sterilized seawater.
Within 30 minutes, that water will turn cloudy. Look
untkr the microscope to sec whether there arc huge num-
bers of swimming spores, If they' re not there, throw
the sample away. If they are s wisnining, pour that solu-
tion through cheesecloth into a sterile container and lct
it sit overnight, again keeping it cool and dark. Over-
night the swimming spores stay up high in the water col-
umn, and the ones that are not healthy plus the diatoms
and such sink to the bottom,

Decant the top part, being careful not to stir up the
grunge in the bottom, and pour it through some cheese-
cloth into a container in which there is string and steri-
lized seawater that's been fortified with a variety of
nutrients. Aerate this to keep everything stirred up. The
spores get tired of swimming after a while and they se -
tie out, especially on the string.

The string used in kelp culture is bydrophilic nylon
and is woven in such a way that when it is cut into little
pieces, it doesn't unravel, Leave the string in this situa-
tion for another 24 hours, then take it out and put it in
a clean container of enriched seawater. That gets rid of
all the spores that setded in undesirable places.

Expose the spores on the string to a l6:8 hour
light:dark photoperiod for about 45 days. After 45 days,
there will be little plants on the string. Cut the string
into little bits and insert the string inta the warp of the
t'arm rope. Then toss it into the sea. After the rope has
been out in the sea far about two months, every place
with a piece of string wdl have a little duster of plants.
After about eight months, it is harvest time. For every
meter of growth, with sugar kelp, there ate about 8 kg
of fresh plant material.

Following that procedure sets the grower up for lg
months of cultivation. To shorten that, follow the seed
procedure to the point ar which ~pores settle on the
strings, then pu  them in red light to delay sexual devel-
<ipment. Alter a delay of up to a year, give them blue
light, i.e.. white light  hat has biue in it. At that rime
they will develop sexually and produce seed in the nor-
mal way. This means seed can be produced any time
of the year.

Farm Location

T'here are a variety of rhings that will help you
choose where to put a farin. Sante of these things are
g<t<td nu rien ts, cold water. little runoff, and good water
motion. A good indication that an arcs is suitable for
a kelp farm is the presence of healthy stands of wild kelp
in the general vicinity, Finally, the site should have a
solt bottom suitable for anchoritlg the faim rope.
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Table 3. Produe iim values per meter culture rope for some edtble kelp spaetea.

Cukure
duration
 months!

We  w 
Ikt /rn rope! ReferencesSpec ies l~a lrrn

Great
Britain
BC
Canada
8 C.
Canada
Korea

4 2-2x 4

r! tr-20 s

USSR

China 5-2o

Japan it 4 24.o

20Japan 10 I ia.o

1.2-11 r!

<5 lu

Great
BR ain
Japan

and then completely dri&. Drying may be acxvmpl»hcd
in a greenhouse with forced ventilation.Kelp Farm Structure

Farming Cons de ralio ns

The kelp Iarmer has several options regarding farm
operation. The prtrcedures chosen will reflect the speciei
grown, the desired product and the farmer's inclination.
During the tenure of our research we explored several
options that are reviewed below  see Druehl t9ltOa,
1980h, 1981 for details!. These find!ngs are particular
to our situation and may have only litnited value else-
where.Kelp Farm Irrfaintenance

Spacing interval of plants along culture ropes.
Spacing closer than 30cm is generally impracti-
cal and a greater spacing interval doesn'I seem to
influence product iv ity.
Thinning plants that arise out of any cluster. Thin-
ning results in larger individual plants but lowers
the total productivity of Ihe system.
Planting time. If planting takes place in October
and the plants are harvested the following June,
they are the same size or similar or smaller than
plants planted nine months earlier. However, the
total harvested crop may be greater for the shorter
growing period, as there is a greater surs ivorihip
for rhese younger plan s.
Planting deplh. Kelp are eisentially ihade planti,
which means they grow cfticiently at rcducect light
levels. Depthi shallower than 2 m further exp lie
the planis tri drifting dehrii, riuihoard mrrtors. 4 rd
freih v aier that may miX dOWn from the iurla.e.
At greater deplhi, usuallv heir!w the ther»i i linc

2

Lamina na
sarciurR'na

iaminari a
rar r haR'na

Lami rrrr ria
e r reniandrra

Lvm nona
re i gi osa

lominariv
japarllra

Lamrnarra
japonica

Lamr'narra
diabo  i c'a

Iaminana
japarrl en

rt kr Ra
eseuien ra

UniaRa
pi nnaiifida

The basic farm structure consists of a sturdy, well-
anchored rectangle of rope 100 m by 35 m, which is
maintained at a constant depth  usually 2-3 m! below
the surface. This structure provides the frame to which
the culture ropes are attached. The seeded ropes are
stuck in there wherever the farmer wants to put them.
The grower can harvest the whole rope and take it in
at any time.

Frequent visits to the farm site are required Io clean
lines of floating debris. This usually consists of free-
floating bull kelp and giant kelp. Floating trees and logs
are potential hazards too.

Mussels and other sharp-shelled invertebrates may
establish themselves on cultivation lines and should be
removed. They abrade kelp stipes and will diminish the
crop. There are other kelp farm pests, but little is known
about them. For example, Barkley Sound Kelp has had
a severe herbivorous snail attack.

Harvesting and Drying Farmed Kelp

Culture copes may be draped across a herring skiff
an e pan scud th I ts cut free. Alternatively, the entire culture
rope may be retrieved and transported to the drying a-
cilities. The f!nal producl influences the drying process
to be chosen. If powder or flakes are desired, it is im-

rtant to be certain that the kelp is thoroughly dry andportant to cthen sealed from moisture. If, however, sheets pof kel

are desired, the kelp is first partially dried, then folded,

Kain pert.
cilflltn .
tyruehl
unputsl
Oruehl
unpubl
Chana rk
Geon Iurr
Buyankrns
 977
pei pets
c crmnr
Kawashrrna
pco. crrmm.
Kawaskima
peri coarlil
Kain peo
conan.
Akiyams rsr
Kunral
Ir!S2
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Wet wt
 MT per ha! ReferenceLocation

50-60
49-139

Buyankina !977
Kuwashima pers.
comin.
Kau ashima pers.
comm.
Fei pers. comm.

USSR
!alum

Lans  saifa Jssptuuca
faavsfna rin japonica

59-
8Ltaiunazfa diahonca

Lanu'noria jarsnraca 55China

Tnhk 4, ~n vatuea per hectare ke!p fartn,

 nore favorable nutrient conditions are encoun-
tered. Below 4 m, limited light might cause slower
growth.

5, Source of parental stock for seed produc-
tion. Until genetically superior stock are dis-
covered, we recommend that plants from sear the
farm site be used for breeding stock, Once a
farmed crop has been produced, the kelp farmer
should select breeding stock from the farmed
plants,

Our pruduetsnn Values range frOm a lOw Of 1.1 tO
2,7 wet kg per meter of culture rope for Cyrrrathere tri-
p!icarn, to a high of 2.6 to 20,5 wet kg per meter of
culture rope for lominaria groenfrrndicrr. These values
compare favorably with those obtained elsewhere  Table
3! . We have not anempted intense cultivation in British
Columbia. However, production values on an area basis
are available from the Orient. The values achieved there
ar» very encouragmg  Table 4!.
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OBSERVATIONS ON LAMINARIA RESO
IIV SOUTHEAST ALASKA

RESOURCES

Robert j. Ellis
Sitka, Alaska

PREDATOILi AND PE,'iTY

Natasha and I studied onc group of wild lwrrunart'a
plants at a particular site for several yeari. We returned
monthly, and later we went back weekly io ohiervc
them.One of the things that wc observed wai a movement
of green urchins into and  hrough our srudy area. Thii
was almost catastrophic for our original srudy, because
the~e urchins v eren't at a!! heiitant about eating our la-
minaria. Our Lami naria plants, especially those ise had
tagged for observing growth rates, werc parttcu!ar!y at-
tractive to them. They especia!!y went after the plastic
survey tapes.In addition to urchini, we observed another p!ague
in our plants. We looked at this populationnf planri for� years. Over this period, we had juit onc sweep t>f
urchin s through, And in another year, we had a tremen-
dous set of barnacles. These barnacles sct so abundant-ly that they covered everything in oor study .iite. includ-ing supes and hladei of vigorous!y growing l~rninrrrta
Eventually, we wound up with cast i iif latmrntrrrtt it> pei
that consisted tif barnac lei, v here the lwmrntrrra h!ade
had rotted inside. lt totally deitroycd all rhc l.imrnurlu
on that sire. And that v as juit iince in ill icari stat hc
it would be only once in ! Xt ycari. but it ii a pri t Ici»
we ohierved.

Author s address: rtox 2966. Sitka, Alaska '%835

This presentation is based on work that Natasha Cal-
vin and I did over several years whw en we were working
or c National Marine Fisheries Service at Auke Bay;
much of this work was published and is avaiiable. Also,
since we did the research there, we' mad, we' ve e a lot of per-
sonal observations on Larninaria throu h t S thg ou ou east

In Alaska, the species that we have been looking
at roost extensively is Laminaria groentarrdica. Lami-
naria occurs throughout Ahska to the Pribilofs, and
some species of Laminaria grow all the way down th e
oast. Laminaria grocnlandica, the species most abun-

dant in Southeast, is most likely to be used by aquacul-
turi sts. We say this because it is the species that we find
we most enjoy eating our~elves. It is most amenable to
use by the casual collector, the subsistence-type user.
We do have the other major species, L. aacchari na, the
sugar kelp.

ENVIRONMENTAL EFPRCTS ON LAMLn!ARIA

We' ve observed, over the years, that there are en-
vironmental factors that determine the species, abun-
dance. distribution, and growth form of Laminarra. For
instance, the depth distribution of the plant is determined
by available light, based on water clarity. In clear areas,
we see gocxl-looking Lami naria groeniandica down at
least to SS feet. ln areas where the water clarity is con-
siderably reduced, such as near the pulp mill. the range
of depths for the distribution of lamina rra groenlardica
is only a foot or two, in contrast to other areas where
it goes to about 85 feet,A fair amount of water rnovernent ts necessary to
develop a good aquaculture site, We' ve observed in the
wild that this water movement determmes the bladeshape, its thickness, and the amount of bullation or crink-ly texture. In calm waters where there is just a litt! e cur-
rent, bu!late blades will develop on Laminaria groenlan-
dr'ca, These blades are fairly fragile ard also seem to
accumulate more epiphytes such as hydroids and bryo-zoans. Also there will be more sediment falling on them.This may be the eff!uent from a glacier-fed stream or
other fallout.ln calm water with a slow but continual current, a
blade up to 2 meters can develop in Laminaria groen-landica, When the blades are that !arge, rhey are usual-

rtuaCultur< Cprtfrarerttc< I IFourth Aktska g
'e~« I9~7, Sitka, Alaska

ly bullate, puckered. and quite delicate. This is a prob-
em in handling the plants because they will crack and

break,
ln fairly calm water with a good amount ol c rre

!'
r type o plant wil!bc pniduced � onc that is more

inear in shape with thick. flat, non-bu!!atc blades. The
more agitated the water, the thicker thc plant.

ln calm waler wilh a lot of current, f!at plants will
develop with no bu!!at!on at all; they will bc stirtp-~
with parallel sides, and thc blades will he t!utte thick
Under conditions with so much current, rhc growth iit
epiphytes, bryozoans and hydroids, is considerably re-
duced. Epiphytes stil! occur. but they appear later tn the
season,

In real!y rough water Laminarr'a grricnlandrtxr will
have thick heavy blades with no hullatton. They uiual
ly split, so the p!ants arc almost digitate in fiirni

Concurrently with these changei in h!ade ciintigur
ation there alio are changes tn stipe. Onc of the reaNini
I'm interested in the stipe ftirm ii that the it ipes arc very
flavorful and have a little more texture.
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The usual hydroids and bryozoans also grew on the
blades; this was seasonal. The later in the growing sea-
son, the more intense the growth of epiphytes.

Another probleln we observed  sosne people might
not view it as a problem! was an infestation of amphi-
pods. In some situations we found a large percentage
of plants infested by amphipods. Ihcse amphipods bur-
txywcd into the blades and the bhsdes responding by grow-
ing scar tissue around them. We wound up with amphi-
padS in the rratttnaria bhtdes ard StipeS. NOw, SOme peO-
pie tnight take advantage of this, for instance in making
Ltssnirtarfa and shrimp soup, and use the shrimp that oc-
curs naturally in the Latttirtaria.

Aller the phtgue of barttacles occurred, we won-
dered how extensive lt was in the Juneau area. We were
able to get a litde vessel time and some divers, and we
roads spot checks over about l00 miles of shoreline. In
thc 100miles of shoreline we sampled, we did not find
~nother site with a barnacle infestation.

We did observe areas of IOO yards or so of shore-
line where all the plants were very small. I or 2 years
old. Adjacent to this would be the normal kelp forest.
What this told me was that solBc natural phenomenon,

such as a plague of barnacles or sea urchms, was oc-
curring periodically in nature. This is something, there-
fore, that a grower would have to expect to happen at
any one site. Even though a site is a good growing site
for several years, it's not always going  o be a good site,
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DEVELOPMFNT Op MAC ROCYSTIS CUL'HIRE IN ALASKA

Michael S. Stekol 1
University of Alaska

Juneau, Alaska

The topic of this paper is itfac rc>cysris biology. cul-
turing methods for itfctcrvct stis, and what we have done
and are going to do in the immediate future with kel
culture.

ure wi ep

MACROCYSTIS BIOLOGY

*uthul iui}ulei,. i'nlvefvil> iil 4<8<ka. Jul!eau Ce<uei iiif 1 lihe<leia<tu Oeern Si<ei<ee<. ! I lao Giiteier it<<i . Juneau AK 44a<11

lffacrr>cystis is the large, brov n, canopy-forming
seaweed that goes by the common name of giant kelp.
At this time, Itfacrvcvstis has the best potential for mar-
iculture development in Alaska because of its value in
the Prince William Sound herring roe-on-kelp fishere iri eiy'.

hfcrcrocystis forms large beds just offshore, grow-
ing in depths up to 60 feet. hfacrocystis is found from
Mexico to Alaska on the West Coast. However, the type
of hfcccrncystis in California and Mexico ii different
from the more northern Mcrcr<>cystis found in Alaska.
In fact, there are three recognized itfucrocystis speciei
in the world.

hfacrocysris pyrrferct is found growing subtidally at-
tached to rocks in exposed coasts along California, South
America, and through the southern hemisphere. It growi
usually between 30 and 60 feet deep. It extends to thc
surface forming large canopies. The total lengths <>f thc
fronds can be over I20 feet.lifacrocystis angrcstifolict occurs off ot' Auitralia,
South America, and perhaps Santa Barbara, Calilornia.
It is very similar to M pyriferu but growi <>n sandy
bottoms.hfacrucys is i>ttettrifr>lirr is found off of South
Atnerica and froin Monterey Bay to n<irth of Sitka. It
is a smaller  shorter! plant than Af. pyriferu and growi
closer to shore and in more protected areas. Patches of
Af. integrifvlia are uiua!ly smaller in size than Jtf.pyrifera and grow ck>ser lo rocks and reefs. Af. in-tegnfolia plants do not survive in more exp<>sed coastal
areas in Alaska.There are two other Alaska kelps that form kelp
beds with tloating canopies and may at first bc confused
for hfucrocystis. These are Xerer>cystis lerctkeunu and
A fczricz ftsttclvsa.IVereocrsti s also i s known as bullwhip kelp because
of its long, whiplike stipe. At the surface the stipe ex-pands into a large bulbous Aoat with many long thinblades protruding from it. This kelp forms extensive beds

«ll over Southeast Alaska, b<nh m inside waters and in
exposed cuaital areas. Il tends to grow in arras uf ex-
treilie water Ill<it'loll.

The other kelp is rarer in Suutheait, hut c<inunon
in thc Aleutiani. and is thc very unusual-hi<iking kelp
hluricr fistul<!s<r.

It » eaiy ui distinguiih hfci< r<x ystis t'rom thc <i<her
kelp». I<if<re r<xy,itis has many 'long I'rondi ariimg I'riini
a large holdfait at its hase. which ii usually at<it<bed t
t c rocki on thc bonorn. Each frond hai hladei <iinimg
oft at regular intervali all al<ing the frond Thc hladci
themiclvei are ruffled and serrated along thc edge wi<h
a small fioat lpncuniauicyit! at thr base iit thc t la<fr
The base of the plant may have «pcciaf<red hladci that
are called sp<tr<tphylti. These blades prt>duce mtcroscuI>
iC SpOrei fi>r inaking neiV Acr< rricvirr i planli A i<>fir< ri
cyiti < plant ii considered percnnuil, hut md<victual liiindi
have relatively ihort livei.

lttfcr< nx < itis ii a taii-griiwing plant anil can pc<<<luce
a lOi ot hi»rnaii in a iniall area iif thC u< eon It Ii ii g<i<i<f
species I'or niaoc allure because ii can be usc<f tiir a v aric
ty Ot' ciirnmeretal purposes. hfut r>X vitri ii a iiiurcr iit
a variety of chemicali. a iuurce of' ht<imaiv, aiul afs<t
can icrvc ai a iurface f<ir herring ri>e attachnicni

hfurr<x rrti< ciintaini large ant< iunti iit atgt
natei -chc»i>cali that are usual in <ttduitry tci emuliiticri.
v hichare thickening andi@>o<tthtngagenti t>fu< rix iini
extracti are found in everything Irom toothpaste ni beer
Jtfcr< rr>c yitii is presently harveitcd t'rom natura! standi
in Calif<irnia hy large. rmiwtng hargci l f'igure l i. The
Chineie are ali<i v ery intere i<ed in ltf<i< rii< vins and I r.
rninuriu for chcmica'I extracti and are currently ancmp-
ting to culture itfu< rrxystrs on a relatively large i< ale.

During the oil crisci in the f<>70s. there wai «ini<-
derable eft'ort expended to iluiw that it would bc tcaii
hie tn C<invert t>frtrr<>cystrS tu fuCl thr<iugh termentatiiin
Ltrge-scale I'arms were enviiioned, and a imall, deep
water farm wai actually budt off the c<ia>a»f C alifiir-
nia, but wai not succeiiful in growing kelp liir ani
length of time.At present, thc most profitable usr for JHacruc i in s
in Alaska is associated with the herring r<>e-on-kelp in-
duitry in Can~ and Alaska. Alaika hai large it«ks
of herring that spawn <m many typei ul iuhntcrged i cg
ctation, but <denly the brown ieav ecdi are c<immcri<*lfs
valuable. In Brtitiil Bay, the inurn nuinci ipci te«i
Fr<ca<. an intertidal hr<iwn seaweed i f <gare 2i h i. 'i.irveited by hand and s<tfd for SO i Cnii iii <il,< p ur:i! 92r.
Prince William <iuund. the ca pi urc ha<i cited .<naif!cd
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to farrintrtrria, with minor harves s on Derma resria  hali
kelp! and Agarum. These also are relatively low-value
products. selling for $1.50 to $5 a pound.

In Canada, and recently in Prince William Sound
hendng roe-on- hfacrocysri s is harvested and sold for as
much as $I4 per pound  Figure 3l. However, there are
problems associated with this fishery. In Canada and
Alaska, Atacrocysris beds are often not located close to
the spawning herring, and the condition of the beds
themselves varies widely from year to year, In Alaska
Nacrocysns beds are in Southeast and the roe-on-kelp
fishery is in Prince William Sound over 500 miles away,
making logistics difficuh. There was at one time a roe-
on-kelp harvest in Southeast, but it was closed in I 974,

In both Canada and Alaska, Macrocystis is harvest-
ed from natural beds and transported to the fishing
grounds where it is used in impoundments. In Alaska,
the kelp is taken I'rom areas near Ketchikan and Sitka,
To collect hfanocysris, a permit is required to both
harvest in Southeast and to import to Prince William
Sound. ltfnc'vmysrir beds must first be located, Suffi-
cient good quality kelp must then be cut to allow for
the wastage that will occur during transport. Once cut,
tlte kelp deteriorates rapidly unless kept in cold seawater.
Even so, the kelp must be transperted rapidly to preserve
its quahty.

Figure 2, Freshly doited herring rggs on the tmenjdtd brown tttga
Fu ~ in Bnsiot ~y ~«a This type of mw~n-kelp is harvestedfrom natural ~nds of Feces and ia worth aboui S i Oo Per lb soid io
~ »-~-gi»uds P~~r. Photo by Michael Stekoll,

=':'-+ -'gg«-'=~'- "-=. s >~.-;-,: al.-,

P w

+iP-

F
'" ' «t t «»hewn here hats Passos fo, ' " " 'ting W<uro<sitns otl ot lmPeoai Beach. California. in January t986. Tihe haraested giant ke/P~ty of aigm»e chem<ca<is Phoui hv tton lvtcpeat<, Ketco
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Figure 3 Hemng spawn on ftfrterrretrrit. The hf. inteltrifobo plants are harvested in Southeast A!aska and transported iiser Stg! n.iles ti inePrime William Sound herring tpawnmg grounds The plant~ ar» trimmed and suhinerged in impnundrnenis similar io ihe nne- in the pi« I fin i.-herring from purse seines then are tntrodtteed into the irnpoundmenti and are held there until thes spawn Eiip grade herring iic-nn-,tf,ii r
are worth as mitch aa Sl4 per lb.
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ptattie a, utterly tttttrwt aiat~'srr J Ipetes. Dte otrtterrturtated
 roortttt apttres are abettt 3 trucratts trr diameter, Gerattrtated spores
are rectrtttttaed by the ~stir "dttmbett' shape. Norttttat culture
rtrethot4 pres lite sir ttra aa a setttiaa surface ort wh re h the Spares Ser-
rttraate photn by Mtehaet Stettott.

The tmpoundntent fishery involves preparing an en-
ckisure in which either fronds of hIacrw'vsris or Lami-
nari«are suspended. Seined herring are transferred to
 he unpoundmen  and allowed to spawn. The spawn-on-
kelp is removed and processed by tnmming and pack-
ing in bttxes. The herring are released and rhe irnpound-
ments lett in the winer until the remaining eggs hatch.

A major expense with the imp iundnient method i s
the ciist ot'c<illecting and transporting Mr«-rrrr vsris. Lo-
cating appropriate beds ofhfacrar isrir at the proper tiine
may ntn be trrvial. It is thought that mariculture of Afa-
t rocysris may reduce some problems involved tn this
fishery Cultured beds of itfar'rrrrystis would make
available a ready supply of commercial-grade plants. Ir
also is passible that mariculture methods may allow
growing adult ~tages of the plant near impoundments,
which would reduce considerably the expense of
transporting adult hfacracyszis over long distances.

MACROCYSTIS CUI.TURK

I have been inva! ved over  he past two years in de-
veloping methods for mariculture ot giam kelp in Alaska.
ln order to culture «ny organism, it is necessary to un-
derstand its life history ar life cycle. Macrt>ctsris has
a life history that is essentially the sarne as that lor
Laminaria .

Afacracystt's starts off each new generation by pro-
ducing microscopic spores from sporophyl! s made at the
base of the giant kelp plant  Figure 4!. The swimming
spores settle and grow into small, microscopic plants,
called gametophytes. Two types are made: male and fe-
male. Eventually, when conditions are right, gametes
are produced, with the release of sperm and the subse-
quent fertilization of the egg. The fertilized egg ger-
minates into a small blade that develop~ a holdfast and
finally grows into the mature kelp plant.

AII of this normally takes place in the ocean under
the kelp canopy. However, as with Larninaria, we can
carry out most of this life cycle in the lab. To culture
!lfacrocysris, sporophylls are collected by SCUBA divers
and brought back to the lab. Mature sporophylls can be
recognized by the dark, soral patches in the middle of
the blade, The sporophylls must be cleaned to remove
contaminating organistns and wiped dry to partially des-
iccate the spore containers  sporangia!. Sporophylls are
laid on moist paper towels and kept cool for an hour
or so, then immersed in warmer seawater and exposed
to bright light. This combined temperature, water, and
light shock provides the stimuli to release millions of
~pores into the seawater.

The spares are motile and will switn from a few
seconds to a few hours before settling on a suitable sur-
face. At that point they withdraw their flagella, round
up, and then secrete an adhesive, gluing themselves ta
the surface. The settled spares germinate and grow into
microscopic, filamentous plants. The female garneto-
phytes are generally about twice as thick in ceII diameter
as males  Figure 5!. These filamentous gametophytes
can be kept in this vegetahve state indefinitely hy keep-
ing them in low light, red light, or by' omitting iron trorn
the culture media.

lf conditions are right, the plants wdl form sperm
and eggs, fertihze thernseives, and produce baby spor-
nphytes. For  he large-scale culture of itrfat rocystis, it
is easy to provide a surface for settling in the form of
string wrapped around a frame of some kind. The Jap-
anese use a special synthetic string called cremona,
which does not fray when it is cut, but most synthetic
strings are suitable. The gametophytes germinate and
grow quite well on the srrings and, eventually, after
about  wo weeks, form baby sporophytes  Figure 6!.
These grow relatively rapidly and are easily visible after
four rt> six weeks.

The~e "seedling" plants can be outplanted to the
ocean directly or can be cultured "provisionally." At
the University of California at Santa Barbara, I cut sec-
lions of seeded cremona and inserted them into poly
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ropes aftixed to a section of 2-inch PVC pipe, These
werc set into special "water broom" tanks in a green-
house. The plants werc grown in seawater for two
months until thc first dichotomy was visible,

At Sheldon Jackson College in September of last
year, the Marine Advisory Program invited me lo par-
tiCipate in a hfacrrtCysris culture demOnslratinn projeC .
Ray RaLonde, Junzo Abe, and I set up a simpie culture
lab and were huCCeSSfut in carrying Oul the first SlageS
of Macroc~sris culture, However, due to time con-
straints, we were forced lo begin outplanting without
provisional culture. The plants on the strings were only
about 0,2 mm long. We attached the plants to a rope
and sank the ropes with sandbag anchors. Mr. RaLonde
reports that no hfacrocvsfts were found on the ropes
when he examined them several months later.

Mr. Abe also tried a different method for spore re-
lease, invoiving the placing of sporophylls over a nel
material. The seeded nel was then wrapped around a
stone and sunk to the bottom. Wc have not relocated
these stones lo determine if any plants grew from them.

At Santa Barbara, outplantings were done after pro-
visional culture and allowed to remain in the ocean for
seven months, Generally the plants did quite welk grou-
ing to over 40 fm in leitgth, The plants were eventual-

Figure 5. Fetntde garnetophytes  lN! of cuaured tMncrucy,tns. The
p ants are about 15 days old and have begun to produce eggs. F~h
mature egg  IOI S microns! ts eatruded from the mother cell which
is left as an empty tube. Each egg wtll be ferulised by a sperm pro-
duced from a stmitar but smaller gametophytic filament. Photo by
Michael Stekoll.

Fi ure 6 Three-week-old cultured!uventt» Srncrricysr r sptsmphytes anached to Japaneve "cremona' ' strmg Thic strmg ic ~tavur mm in dianicue
and wiii not fray when cut. Each plum ic a t mtcrons w
into the ocean, by cutttng the cremona mto s cng

hon l gth and attnchmg these ptecec tii a cuhmrrgcit tructure  .'ndet iipuma c iniiiti. n-. cu,,
pl ante wt grow over

ll ro to over 30 m t90 ft!;n a smgle season photo h> vltchael Qckol!.
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ly harvested and brought to shore for measurements. Thc
fronds developed normally and blades were nortnal in
size and shape. Thc ltoldfasts were generally well de-
veloped, but Lacked a good surface for attachment. Some
of thc plants developed to maturity, forming sporophylls.
Thus, wc were able to grow hfacrocysns through its
complete life cycle,

Plans for additional research in hfacrocysris mari-
cuiturc rest with the cooperative agreement between the
State of Alaska and the Japan Overseas Fishery Coopem-
tion Foundation  OFCF!. According to terms of the
agreement, thc Japanese will provide supplies, equip-

ment, and technical experts to help establish a feasibili-
ty study to demonstrate that hfacrorysn's culture is tech-
nically possible in Alaska waters near Sitka. We plan
to carry out tnost aspects of hfarrocysris culture, from
spore release to outplanting and harvesting. The proj-
ect is scheduled to begin in August 1988.

Artificial culture of hfacrocysn's allows us to bypass
many problems the plant faces when growing wild. Fmly
life stages are protected from environmental extremes,
disease, predation, and so fonh. However, the problems
with outplanting reinain to be solved. These involve
determining the best time of the year for outplanting,
the best location and the proper depth, among other fac-
tors. The OFCF project will be a major first step in
answering some of these questions about kelp culture
in Alaska.
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MACROCYSTIS AQUACULTURE IN ALASKA
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Victoria, British Columbia

INTRODUCTlON

hfacrocysr<s truegnfoha Bory is a large, canopy for-
ming kelp which grows in dense beds along portions of
the northwest Pacific coast. hf. inregrifolia, a low m-
tertidal-shallow subtidal kelp, occurs from near Pomt
Conception, California to the Aleutian Islands, Alaska
 Drueht 1970!. Generally, significant beds of hf. in-
regrifnfia are found along all major sectors of the British
Columbia coast except for Johnston Strait, the Strait of
Georgia, and Queen Charlotte Sound. In Alaska, signifi-
cant concentrations of t<f'acrocysrir are located among
the outer islands of the Alexander Archipelago to Sitka.

lVIany factors are believed to regulate seaweed dis-
tributions, including water motion, nutricn  concentra-
tions, light. sea water temperature, satiniiy, and biolog-
ical interactions. Along the B,C. coast, hf, inregrifoiin
is found in moderately wave-exposed condition» in
coastal waters having either constantly higher salinities
or low salinity during the fall and winter, ll is not found
in areas where there is considerable sn<iw-melt runoff
 Druehl I97g!.The biological importance of J<rtacrocysris cannot be
understated because of its association with many desir-
able species of fish and shellfish as well as numerous
birds and marine mammals, Jtfncrocvsris also has con-
siderable economic potential. In California hfacrorysris
is harvested and processed as a source of algin. as amineral supplement for humans and livestock, and as
a fertilizer base,ln British Coluinbia and Alaska the major harvest
of inarine plants is by the herring spawn-on-kelp fishery,This fishery began in the Prince William Sound area dur-ing the f968 herring season in response to a developingJapanese market for herring roe pr<iducts. lvlarkets were
established for several species of broad-bladed brownkelps which fishermen first gathered using grapplinghooks. The fishery has undergone a niajor transforma-tion during the past 19 years as a result of change~ inharvest technology, marketing adjustment, and the de-velopment of regulations in response to biological con-cerns. The development of this fishery has occurred inthree phases beginning with the early period in which
4<ah«r s addreSs- Archipelago t4ar«<C tie<a«rct<. '.<« I i, i I4<! Furi
Si., v««ina, Boost< C<<1««<b«<. YSV st<a, Ca<vade

the tishermen were non-selective due to the use of grap
ling hooks. The senind phase staned during the tate
1970s when a production quota was established, and the
harvesting was restricted to thc hand cutting <if selected
kelps by divers. The third and most re<at phatic has
included the development of a cultuncd priicess using
herring impoundments. This impoundment fishery has
developed rapidly since 1979 in Prince <<ttrilt<am S<iund
and has been permitted to expand at the expense of the
more traditionai fishery, which invo'Ives harvest<nit na
tural spawn-on-kelp by divers  Randatt i9g6!

During the 19&7 herring»eason in Prince Wiliiam
Sourld, l I I pefrrilt holders prodUced t<0.3 'iona ol roe-
on-kelp. IT<e majority of the harvest c<insisted <il i<F«
< r<s<ysr<'s, and only minor fisc<i<inn of thc total cons<i<est
of l<ically harvested la<mirror<a sp.  J. Brady. personal
communic.ation!.Spawn-on-kelp production in British t:olumhia is
restricied to the us» of impoundmems. Fxcept fiir lo
calized hlative food fisheries, there i» n<i harvesting <itspawn on natural marine vegetation in British Ciilum-
bia. A small spawn-on-kelp fishery directed at J~
markets was developed in 197!t. Today the B.C. fishery
is flourishing, with 28 license holders each perrmuedto produce 6 tons of spawn-on-kelp product   tfstt kins
total!. A recent devekipment in British C<itumh<a, termedopen-ponding, incliides the hariging <if ht<trr<p<ysiri
l'ronds from rafts which are ptaced into concentrations
of naturally spawning herring. hfacr<icysris is used ex-
clusively by the industry.The B.C, spawn-on-kelp fishery is likely to expand
in the near future. The fishery is presentt> concentrat-ed along areas of the coast where ittvcro<~sr<s ii abun-
dant. When the fishery does expand, fishery managers
wouid like to locate the new permus in areas that sup-port srmdl localized stocks of herring which could hcotherwise wiped out if subjected to sac roe net t ishenesIVfany of these areas are outside of the natural distribu-tion of hfncrnn iris. Season to seas<>n ftuctuat«ins in ihe
lluinias!i of suitable <tual<ty IHa< rra vs<is has been ohserved by spawn-<in-kelp f<shernien  Shields ei al l9tt5 iThe apparent decline of ht«crr>< is i.i ii probably unrc
lated to harvesting  I. M. C<xin, per~inat con<niun«a
tion}. li is rn<ire likely thar en< iriinnicntal la<i <rs. ineluding stor<nv, sat<n<ty, temperature. Iighl, an,! hi <!<leical <ntcract<o<cs artcc< the <tuat<ty and ~hund.<n«-, ', i,ctp
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METHODS

Cultivation of Macrocystis

Seed Production

xaiinii iii itic hia< mnoii. eu!iure .uies uii Vamoiiser titan', uniiSb Columbia.

Although these declines in kelp stocks may be area
spccilic and cyclical in nature, it is evident that the avail-
ability of good quality hfacrocysris is a limiting con-
straint to full realization of the B.C, fishery.

The availability of llfacracysris is much inore of a
concern to the Alaskan spawn-on-kelp industry. Jtfacro-
cysris used in the Prince William Sound is harvested
from Southeastern Alaska in semi-exposed waters from
Ketchikan to Sitka. The kelp has to then be transported
some 5% to smiles by boat or plane to the herring
impoundments. For these reasons it would be useful to
the B.C. and Alaska industries to develop the technology
to culture ftfacrocysris for use in the spawn-on-kelp
fishery,

The successful cultivation of itfacrocysris in the vi-
cinity of spawn-on-kelp ponds would ofFer the follow-
ing major advantages;

Resolve many of the logistical problems present-
ly facing this fishery.
Provide plant inaterial which is m better condi-
tion insofar as it has not been subjected to stress
reslllttng frotn wikl harvest and tfallspoitation.
The ready supply of quality hfacrocysris would
allow the fishermen to ettploit the spawning time
of herring in a more efftcient manner,

Archipelago Marine Research and Canadian Kelp
Resources undertook to develop Itfarracysris culture
techniques lor use in the coinrnercial spawn-on-kelp fish-
ery between November 20, l 985 and January 20, 1987.
One kelp farm for the cultivation uf Jtfnrracyrris was
estab!ished near Winter Harbour, on the north coast of
Vancouver Island, adjacent to an arcs where two spawn-
on-kelp licensees operate. A second farm was establ ished
in Barkley Sound on the west coast of Vancouver Island
 Figure I!.

"Seed" refers to small sporophytic plants, usually less
than 4 tnm long, which are produced in the laboratory
for subsequent outplaming to kelp farms. hfacrocysns
seediings were produced in the laboratory at Bamfield
Marine Station, located in Bamfield, British Colurrtbia.
Laboratory techniques similar to those used for the com-
mercia! production of Lami naria seed and described by
Dr. Druehl in these proceedings were used. Specifical-
ly, laboratory techniques using the culture media of Pro-
vasoli ss modified by Hsiao and Druehl �973!, and cul-
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ture techniques of Druehl and Hsiao  !969! and Hase-
gawa  l972! as modified by Druehl �980! were em-
ployed.Reproductive tissues termed sporophylls  Figure 2!
were collected by divers from wild Macrocysris plants
on three occasions. between November 20, 1985 and
December I I. !986. ln all cases sporophylls were
packed in sea water moistened paper towel and trans-
ported in a cooler to thc laboratory.

Seedlings that settled on a hydrophilic, non-fray-
ing string  cremona! were outplanted to the kelp farms
once they reached a length of approximately 4 mm �
weeks!  Figurc 3!. Thc seed-bearing string was cut into
2 to 3 cm pieces and inserted mto the culture rope at
50-cm intervals and left to grow  Figure 4!, The kelp
farm in Barkley Sound was constructed in February
1986. Six hundred meters of 0.5 in. �2.7 mm! poly-
propylene r ope was seeded w ith Afacrocystis. The farm
was arranged into four parallel culture lines of 150 m
each, Thirty-five kg anchors were tied every 30 m to
the culture lines and the end of each culture tine was
marked with a surface buoy.

~ s p wkly
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The Barkley Sound kelp farm was placed in � to
14 m of water, on a mixture of sand and bedrock sub-
strate. The cu!ture lines were spaced l0 m apart and
placed pc:rpendicular to shore. There were a number of
individual iHacmcystis plants growing the area. and a
dense bed of Mucr icy.rris wa» present on the opposite
shore.

A Macrocvrris farm was constructed near %'inter
Harbour in February l986 using construction methixls
identical to those used in Barkley Sound. Four l50.m
culture lines were placed approximately I km outside
thc mouth of%inter Harbour, Two lines were placed
in 3 to 20 m of water on the eastern shore of Forward
Inlet. The other two lines were placed in 3 to 20 rn of
water on the western shore of the inlet. The culture !inca
were placed on opposite shore» ot Forward 'Inlet at the
suggestion of one of ihc cornmcrcia'I spawn-on kelp
operators who intended to use the culture Mua w~ iud.
Thc bottom substrate at both locations consisted nl a
sand-cobble mixture in thc upper 8 in and gradually
changed to a sand-mud mixture io a depth ot 2t! m

1n h4ay l986, 73 wild hfa< ri~ t.uis seed!ings na a
suring 6 to I20cm in length werc collected from near
by kelp beds and attached to 6 ! m of cuhure line Th«
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culture line containing the transplants was laced >I
from the shoreward most cuhure line on thine on e western

shore m 3 to 10 m of water.
Using SCUBA, growth of hfacrr>cystis plants r>n the

culture lines was monitored in May, June. and Aune. an ugust
1986 in Barkley Sound, and in May and August 1986
in Winter Harbour. On each trip the culture linc» werc
inspected and cleaned of all epiphytes. Also, all
Jrrfacrocystr's plants were sampled for total number of
fronds and length of the longest frond. A frond was
defined as any bladed segment of the plant that had dis-
cernible pncumatocysts, including frond imtials.

RESULTS AND 0!SCUSSION

The three seed cultures initiated in the laboratory
between November 23 and December 4, 1985, using re-
productive tissue from wild hfucrr>cvstis plants in Winter
Harbour, failed to produce any seedlings. The proba-
ble cause of the failure was insufficient rinsing of culture
equipntcnt after cleaning in an acid bath. Reproductive
Jtfacrocystis plants were difficult to find in Barkley
Sound when the second attempt at seed production was
initiated in January 1986. The sporophyll tissue thai was
used had only small patches of sorus left, as n>r>st of
the spores bad already been released. The resulting cul-
tures produced a sparse crop of young sporophytes, and
there were not enough plants on the culture string to
allow the culling of the smaller, less vigorous seedlingsprior to outplanting. As a result, both the Barkley Sound
and Winter Harbour kelp farnis w ere seeded w ith a 'less
than optimal batch of young seedlings.The third seed production run  December I 1, 1986!
was initiated using an abundant supply of sr>rus-laden
sporophyll tissue collected from Barkley Soundhfacrocystis plants. On January 2  three weeks' growth!
the string hearing the seedlings in both cultures was pale
brov n, and contained multi-branched male and femalegametophytes, On January 11  four weeks' growth!sporophytes of approxiritatcly 10 cells were evident, arulthese were macroscopically visible in five weeks.Although a healthy crop of juvenile hfrtr rocystis seed-
lings, averaging 5 mm in length, were ready for out-planting to culture lines in six week~, they were not
outplanted due to time constraints in the program.Survival rates of cultured Jtfacrocystis plants inBarkley Sound and Winter Harbour were only 0.5 dnd0.6 percent respectively 26 weeks after outplanting.After a 16 week growing period. 32 percent of the wildseedlings transplanted to a culture line m Winter Har-
bour were still growing.Wheel nd Druehl �986! studied the seas malndpopulation dynamics of >M. itt tegrifatirt in Barkley >uby assessing thC Structure of a wild populaur>n ai regularintervals over a two year period and by folli>wing thedevelopment of cultured plants of similar age and»reat two culture sites for 40 months. They determined that

the mean number of frunds per wild plant varted ~n
two fronds in the winter and nine honda in the stutuner.
Number of fronds varied from a low mean of 2   g I . f>
S.D.! per plant <January to Fefsruary! at both culture
sites to a maximum mean of 6.tt fronds  g 6,2 S.D,!
at one culture site and 9,0  t 9,5 S.D ! at the other.
These results ct>mpste favorably with mean numbers of
fronds observed at our Bsrkley Sound culture snc, '.9
 t 1.6 S,D.! in June and 8.4 � 3.5 S.D.! m August.
This observed growth o  cultured Jtrf. ttrteffrrfultu, ss
determined by mean number of fn>nds. indicated that
Jtfucrr>cystis can bc cultured to pn>duce frond» suttsbtc
for use in the spawn-r n-kelp fishery.

Basetf on pri>duction in fr>itnsttt>n «>lie. tcd fri>lii the
comntcrc>at spawn~st-kelp f>shery iSh >etdv «nd Ictngstin
1982, Shields and Watson 19tt3, and s>htckI» ct sl, lite.'ti
and im infi>rmstae sht>ut thc griiwth and surv ivsl iil w it J
ftfut'rr>cvstts  Coon and ftolsnd, unpuhlishctl Jstai and
cultured kclps  Druehl. unpublished datal, it wav r vti
mated that 680 plant» in 'March or 493 plants in Apri'i
wou'Id be required to prr>ducw enough kelp tbiralc  evtr
mated 2,17'! to fill onc 8 ton «psv n iin kelp pcrniii
quota  flic quota luis since hect> reduced 'ti'I r> iiiiiv i
Within the first grov;ing season, planted vecdhngv «cre
cxpectcd io have a 34 peri;cnt vccdhng survival

Culture lines werc placed within and ddta«nt tii
wild kelp beds because these areas «cre believe>I to iit
fcr the most suitable prow mg t r>nd>t>r>nv. lt quickly hc
came apparent that cuhurc Itnev ihi>uld n»i bc p!ace J
v;ithin existing kelp beds because ihc young veediingv
will be abraded off the culture lines by ldr gct
Mr>i rrr< vrtis plants '1'hc vccdhngs on an cstinidte J Jta>
m of the Winter Harb iur culture Itnev v erc dbrailed in
thtv Iavhit>nWater depth alcr> appears to be critical tii ihc >ur> i
val of young hfitr ria vrn.i seedlings Apprr>xi>r>stel! 1 tt!
lii il'1 the kelp lines in W inter Harbour werc bet>>w I t>
nl Sillll'la> IV. a nvdJr>r piirtli>n iil thc Bsl'klcy Sr>und tarn>
wds deployed hei<>w a depth iil' 10 m 'Mi vt sur>tving
plants in Winter Harb>>ur and Barkley Sriund were grr>wing between,'I rn «nd 10 m. lt o likely that invuff -tentlight is avadabk to yr>ung hfr>r rt>rw rtis plants hc4>w that
depthAnother factor that probahly cr>rur>hutcd io piv>r
seedlmg survival on boih farms was thc laic vecd>ngdates. By thc time the farms werc outphinted ildte Fchruary 4 afm>ist iwo rm>nths of thc growing vezvrin had
passed.By early Msy 1986. thc errors m*ilc in dcplr>y ing
ihe ~ I>fr>en>rysns plants were apparem. The r utturc
lines to which thc transplanted rtfrr< mr vrro veedt>ngiwerc attached in Winter Harb>>ur were pia cd in t tii
I tt rn of water r>utv>dc of a natural kelp bcd I'he vur
vival i!f thiise plantv after lf> weeks wuv at tt perientand thr. plants «ppcared i>i hc dv hedhliv iiv iii dfhv wililhfitr'ri>r'>Stir pldntv rhe vufsodl iit Ihi ve itdiivpi.i'iii' iif<>i rricv>ni planta �t ft pcrscnii Jciiiiiiivii itr. i!ii. 'if,i
i r»r'virr> wiII eriiw iu«c»tupv iin i iil!uic .'.iii-
pnipci c.iii: Iv uvcil whiic p1.!iiiie I' ll  ki i'
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Although we did not culture a sufficient quantity
of llfmweysrfs in one growing season to enable us to
asseta the feasibility of using cultured kelp in the spawn-
oa-kelp fishery, we did accumulate information that will
aid future endeavors to culture Nacrocysri s. Proper tim-
ing of the collection of wikf sporophylls and careful lab-
orasory techniques are critical to the producnon of
healthy young seedlings, Sporophygs from wild ftrfacro-
eysstr phtnts shoukl be collected during Hovernber and
Deoetnber, and the resulting seedlings should be planted
ao later than mid-!anuaty.

The optitntd depth for starting young sporophytes
is between 3 and 10 meters. Kelp lines should not be
placed within exisung hf. rrtregrifolia beds, although a
natmal jd'. insegrtfolirt bed somewhete in the vicinity will
assttte the pttyper conditions for Af. irtregrt folia growth.

During the course of the study it became apparentthat Ihn seeded kelp lines do not have to be placed along
the bnttotn. lt may be advantages to deploy lines in
a @chion shuilar to that used to culture farrrirraria. A
number of naturally settled ftrfacrocysris plants were ob-
served on  Barkley Sound Kelp Co.! commercial kelp
llaes used to culture Larnirtarirt. These plants were
bstdthy, grew rapidly, and did nol appear to becotne en-
taugkd. Plachtg the kelp lines 2 to 3 m below the water
surface would eliminale morudity causes including pre-
dation, siltation, and abrasion. and facilitate the harvest
of help fronds during a fishery. Such a system would
te}nile inure flotation, and more maintenance  i,e.,
clearing debris from the floats!.

During the first six months, it is advisable to con-
dstct dives on the culture lines at trtontMy intervals. Lines
~ ad anchors should be cleaned and checked for abra-
sion. ln addition, the health of young seedlings can be
chtsely monitored and if required, the kelp lines can be
tnoved to a more suitable location.

FeaaNrfilfy of Macrttcystis Ctsiture ht Alaska
Based on our expenence in British Columbia, we

think il is t'easible to culture llfacrocurris in Alaska, As
virtually tdl the ittfa<mry,rris for the Prince Wigiam
Sound impoundment spawn-on-kelp fishery comes from
Southeastern Alaska, il would be advantageous to in-
dustry if Ikfacroctsri s could be cultured somewhere ckyse
to the fishing grounds. Although Jtfacracvsrts has been
known lo occur in isolated patches along the Alaskan
coast as far north and west as Kodiak  Druchl l970!,it is not fugy understood why the northern range ol sig-nificant bedsofitfnt'rocurris is somewhere in the vicinity
of Sitka. Druehl l l978! suggests that snow-mell runoff
and high sommer surface temperatures con ribute tolimiting the distribution of%acrrrct'sris. Because of the
sttow-ttaeh runoff from nearby glat:iers and icefields in-
to Prince Wigiam Sound, the best approach to cu!tur-

lng MincrriCVSriS near the spawn~n- p-kel ftsbe
be to establish a number of kelp farms at variousious loca-
tions within the approaches to the Sound. Site se~
should include the following two criteria: exposul'e to
oceanic water from the Gulf of Ala.ska, and rrtctdterase

re or considerable tidal currents.
cysris seed is readily available frotn Ms. Kitty y
Canadian Kelp Resources, Box 25, Barnfield. B.C.
l BO, A 600 m farm should supply enough kelp to pro-
d 6 to 8 tons of spawn-on-kelp product. A. Al
. ome of the blades will be useahle during the u st spring
following planting, the bulk of useable blades shotdd
available during the second and possibly the third year
of growth.

ssible toIn conclusion, we believe it would be possi e to
culture hfacrocysris in Alaska. lt would worth the
effOrt fOr SnmCOne ln establiSh a number of fkfaa'rOCS'S-
ris farms some~here in thc vicinity of Prince Will iartt
Sound. A number of kelp farms placed near the area
of wild hfacrocvsris harvest in Southeastern Alaska
would also he worthy of consideration.
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THE POTENTIAL FOR NORI AQUACULTURE IN ALASKA
Sandra Lindstroro

Nori Aquafood Systems Inc.
Vancouver, British Columbia

WHAT IS NORI?

FARMING NORI

Seeding Methods
There are a number of ~ of seeding nttrt nets

from the Concttocelis shells. And this is one of the areas
where a lot of innovation is going on in Japan.

Hanging Plastic Bags

AuthOr's sddrtss; Slur< Aquarood Systeittt t<sc., 1250 400 Burrard St,
Vatteuuvar, BritiSh Columbia, V6C SAS. Cana<ht.

Nori is the Japanese name for a species of the red
algal genus Portphyra. The nori itself is the end product
of a long procedure. After Porphyra is grown on nets
and harvested, it is washed, ~, made into a slurry,
and formed mto squares of about 8 inches on mats. It
then runs through a dryer, and a O. I-ounce dried sheet
of nori is produced.Nori is used principally for making sushi, which isa Japanese delicacy that has been gaining popularity in
North America, espcciafly on the West Coast, At pres-
ent, approximately 60 million sheets are imported into
the United States annually and, at current values, this
is worth over $20 million a year, On the whole, the in-
dustry in Japan is worth over SI.5 billion, It is a large
industry.

Indigenous people~ from around lhe world tradition-ally have made nori from selected wild stock. In South-
east Alaska, for example, nori is known as black sea-
weed, and to this day is coflecttsd by the Native Indianswho dry it in the sun and use it as snack food and in
other traditional dishes.Japanese actually started farming it three centuriesago. They went from the wild harvest to putting out bam-boo branches. They put very taH "shoes" on their feet,
which allowed them to walk 3 feet above the ground at
the water surface. They walked out and put in the bam-
boo branches, using digging sticks. The bambttobranches then would catch the natural spores of nori,
which float around in the water in late summer and ear-ly fall, They were stiH dependent on wild scedings with
this technique.ln this century, a number of technological innova-tions have turned nori farming into the business that itis today, One of the innovations was the spreading ofnets out along the surface of the water to catch the wild
spores, instead of using the bamboo branches.But perhaps the greatest discovery of this century
was that of the alternate phase in the life history of Par-pttvra. Porphvra is, in a sense, opposite of Larrtt'rtaria.The sporophyte is the large plant in Lamiltaria that is

of interest commercially. In thc genus Prprptsyra, the
gametophyte, or the haploid generation, is the macro-
scopic plant that is harvested. Thc mictostxtpic sporo-
phyte was discovered around 1950 by an English wom-
an. She discovered that the alga Conchocetis, the red-
dish spots on shells found at low tide or subtidafly on
the beach, is actually the alternate phase in thc life his-
tory of the nori.The Japanese werc very quick to make use of this
discovery. They started collecting the spores from theplants they werc growing on thc nets, inocuhsting them
into shells, and then using those shells to seed nets.

One of their important technological advances wasto grow the spores in the laboratory instead of inoculat-
ing them into shefls immediately. The spores are prop-agated vegetativcly so that a single strain of nori can
be reproduced many times, The spores are grown upin flasks, ground up in a blender, and then inoculated
over shells under controlled conditions in the laboratoryduring the winter months. 1n the shells the Corti hr>ceh's
stage rnatures during lhe summer months and producesspores, which grow into the nori plants. Figure 1 show~
the COrtchrttelis Of Porpttyra rorla grOwing in oyster
shells,

One of the traditional methods is to put the mature
shells in slnaH plastic bags that are hung on hamb<w orplastic rods below the nets, Nets are then stretched outon the nursery ground. The morning after the shells areput out, the first bright sunlight wiH cause the shells torelease the spores, which float up to the surface snd at-tach to the nets. About 30 nets are iaid on top of eachother, so 30nets are seeded at one time in each set. 'I'heentire growing field tnay he covered with these nets that
are being seeded. This prstcedurc ts done at the begin
ning of fal'I. During the h<tt Japanese sutttntcrs the v, <ner
becomes very v arm and if the plants are scc Jed t<ui ear-
ly. they will die The nori larmers have to v,mt i«r the
temperature ni dr<ip hei<tv, ah<rut 7Z'F hcl<ire <hcy,.in
begin seeding
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Figure t. Conckocehs Of Pnrpkyvs tortd grswtaS in oyster she]ts. Phola hy Sandra Lindurom.

Nursery Culturing

Long Trough

Another mc4xd of seeding involves a plastic tarp-
which supports a mesh net. The shells with the Concho-
cefis ft~ that axe ready to release spores are placed
upside down Inside the seeding nct. On top of that are
laid the 30 acts to be seeded  Figure 2!,

The lower area is enclosed in a tarp and filled with
seawater. The nets are wrapped around the wheel. The
wheel is then turned by a motor and runs the net through
the area that contains the shells that are ready to release,
and the nets pick up the spores as they are released,

Another type of seeding wheel has a built-in con-
crete tank. The shells are placed on bars underneath the
ner because direct sunlight could damage them.

In this method, bars of shells are 4id across a trough
and «ir is bubbled up from the bottom. Nets are fed into
tbe trough, and the spores are released from the she!ls
and attach to the nets. The nets are gathered using a
windlass and tnoved into other tanks where they can be

nursery cultured briefly before they go to the ocean for
further culturing.

Afler seeding, or during the process if it's done out
in the ocean itself, the nets have to be nursery cultured,
In nursery culture the phmt grows from a sporeling up
to about l inch in length, and this takes about a month.
Nursery culture is critical for the healthy rearing of the
nori plants.

'IItcre are a couple of ways in which nursery cultttr c
is done. In the southern ptut of Japan they use bamboo
poles with the nets attached to them  Figure 3!. When
the tide drops to extreme low water the nets are suspend-
ed above water level and they will dry off for a certain
period each day. This is imporutnt for the health of the
sporelings because drying kills competitors of the nori
plants on the nets. The nori plants themsel ves can stand
a certain amount of drying. It's not particularly good
For thetn � they don't grow when they are in this dry
state, but they grow beuer afterward because the corn-
petitors ott the net are killed,

In addition to pole cuhure, there arc 0oating systeins
in winch the nets have to be raised out of the water
manually for a certain number of hours each day, and



Rgure 2 The plastic iarp inetho<i <if aei Seeding is< A<ehi-ten, Japan. Shelis aie apaat» <h<ian indi<le <ac<Jina ae«. ~
nets being see<teil Photo hy Sandra Linitsu<iin,

then put back in the water after they have dried out Figure 4!. Growers in one part of Japan have gone tothe trouble of puttitrg in steel pi'lings to which they at-tach the ikada. their name for the system that the nurserynets come out nn. It'v a very expensive nicthnd and isnot recommended, but because thc pilings are in place
the groWers there stifl use them.After the nets are dried they arc put in freezer fa-cilities. If the nori has been dried properly, it can bestored at about -20 C  a linle below O' F! for up to ayear and sometimes longer. Afl nursery nets are madein early fall, so that through the winter fresh nets canbe brought out and put into production as needed.

In Japan, once thc I-inc h nori plants are on the netsit takes six to ten days for them to reach harvcstabfe sizeof 6-8 inches. The nori is harvested by a number of dif-ferent methods. 'In the most common method thc nct ispulled by hand over an apparatus similar to an upsidedown lawn mower and the nori is toro or broken off and
collected in baskets.A single nori net, after being harvested once, usuaflycan produce two or three more harvests before it either

bc<»nies foded or nsi longer piodw~ good <Iuality n<ir<After that, the nct will bc taken uut and replaced hyfreerer neta. ThC gr<iwing Seas<in C<lntinWS until gii<id<lualsty nori can hc pr<sduccd no hingcr In Japan. Ousgrowing veason runs fr<sir< pJ<ivcmhcr until February <lrstarch. depending on thc condinona that year and ihcproblems that they might run into in thc spring.Thc harvested nori is taken to a factory, which isusually nearby, where ii is washed, cut. rinsed, and
rnadc into sheets and dri

ed. Then thc nori is s<ifd to scc
ondary processors through the F<shcrmens' FederationCo<iperativc, which has wccfdy auctsoia<. Thc scc<indaryprocess<>ra, dry thc n<sri a sec<iud time, t<sast it, package
n, and send it off to market. It might go to Japan, or
to the growing market in the United <state>,

There has ~n s >mc stra~n ~lcauin f<ir <pcciev iir
vari

ctics of nori that are grown m Japan. lhc nativespecies are uvualf! rather <muff Thc preferred vhafie ilthc nori iv an elongate tr<ind, becauvc nairc frond«haiarc cliingatc Irathcr than broad! caii fie Iso.kr<} i«i ~ anet. and ihc nci firii<tuoe greait«idurne 1yierrh i;rother liing nariiiw hiade ho<e bceii -vie<i<-,i
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pboto by Sandra Lradstrorn.
Frtture 3. hfursery nets attached tn barnboo poles tn Ariaire Ftay. Snip



t'igare 4 Nursery nels iii ikada being lowered back ouo waier aRer drying, m Chiba-ken. Japan.

Life Cycle Summary

Ta recap, lhe life cycle of nari is integral to farm-
ing it  Figure 5!. The thallase phase, which is the phase
that is harvested cominercially, becomes reproductive;
male and female cells are formed on the same plant, andusually self-fertilization occurs. The fertilized fernale cell
is called the carpospore, and is diploid. It is releasedand grows inta the filamentous Corichocelis she!!-bar-ing phase that farms the reddish spats inside the shell.
Under controlled light and temperature conditions, these
filaments eventually lnature andre!ease the spores that
attach to the nets. These spares are grown on the nets
under field conditions in the fall.One of the important considerations in nursery cul-
ture is temperature. During the early phase in the nursery
culture young plants produce additional spores in warm
water, which then reseed the net, The grower starts out
w ith a relatively low density on the net and the densityincreases as the manospore pmduction increases. Mere-
fore successive craps are harvested, because the plants
are at slight!y different stages on the net.
Worl Aquaculture in Alaska � Potential

There are four steps that need to be considered for
nori aquaculture in Alaska,
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l. Site Selection. Finding areas suitable for the
growth of nari is important. The site should be
large enough for production. In Briush Caluinbia.
Our 10-15 hectare farm plots are the minimum size
for producing nori economically.The water depth should be no more !han 60
feet for floating culture, and it is likely that thu
is the culture method that will be used. If the depth
is greater than 60 feet, anchoring becomes ex-
tremely expensive.The bottom should be soft enough tor holding
anchors. And the water current in the area should
be sufficient ta bring nutrients ta the plants. Nori
is sensitive ta low salinity, which means thai if
a site receives a lot of rainwater the plan s may
become diseased.Temperature is unpotsant, tao, but that comes
into the second group af things ta be considered,
and that is testing and strain selection.

2. Testing and Stram Selection. In Washington and
British Columbia where nori is starting to he
grown commercially, we are using the Japanese
strain. We, in fact, may be straining the ability
af that cultivar ta grow m aur waters because we
are more than IO north of where it is beuig
cultured in Japan.
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Q.
A.

Q A.

Q A,

What is the temperature range for growing nori?The Japanese say for their strain that belov; 8'C
�6'F! it does not grow well.Should you choose nori sites that are near existing
kelp beds".The presence of a kelp forest indicates that kelpgro~s well in that area, and that's nice to know.
But for nori you do want a soft bottom for anchor-age, and where there are existing kelp beds youwon't have a good anchorage system. If you' reasking about competition between domesticatedand wild plants, there undoubtedly is some, but
we don't know yet how important this is,Louie Druehl gave us pricing information on dryweight Laminaria, and most of the production in-
formation is given in wet weight. What would be
the conversion?When you are talking to your banker, it r l5 per-cent, and when you' re. talking about making a liv-
ing. it's 10 percent.

Southeast Alaska is almost another 10' far-
ther north, where day length and low light inten-
sity may become a problem and the water tem-
perature may be lower for a longer period in the
winter. It may be possible to grow the Japanese
strain in the Pacific Northwest, including Alaska,
but the amount of time it takes to grow and the
time of year it can be grown will probably differ
from Japan.Therefore, it js becoining apparent  o those
involved in nori aquaculture that we must start
looking at local strains. We need to do some of
the selection work that has been started on kelp
and other species that people are interested in
growing commercially. We should look for
species and strains lhat are adapted to our local
conditions.Access to a Processing Plant. This is where the
real money comes in for developing nori aquacul-
ture. The processing equipment is not cheap,
Operating the equipment costs a lot too; a great
deal of elecMcity or fuel is required to run the dry-
ing machines that dry the nori into sheets,Marketing. There already is a market for nori in
blorth America, And the Chinese, Taiwanese,
Koreans, and Japanese all eat nori, There is agrowing market worldwide and I understand there
are even attempLs at introducing nori to the Soviet
Union, An important part of the task of finding
a market is establishing a means of transporting
it, Ibese considerations are critics for pextple who
are seriously interested in growing nori
commercially.At the Conference, Dr. Lindstrom's presentation

was followed by a video recording on nori aquaculture
made by the Japanese Prefectural Association.

QUESTIONS AND ANSWEILR

Q What is the current market price for the kelp pound
ers in Prince William Sound, from Prince of Wales
or Sitka Sound � for the Itfacrocysrt's frotn Sitka?

A. It costs about $1 a pound by the time it gets to the
Sound.Q. Could you discuss the harvesting nestor drying of
Mar racvsns and Larttixtaria?

A. The harvesting of the farmed plant is done in one
of two ways, You can place your rope across a box
and cut the plants off so that they fall mto the box.
Or you can pull out the entire rope with the plants
stil'I attached, and then dry it. fn British Columbia
right nosv the commercial method uses a green-
house. You can either hang up individual plants to
dry or you can hang up the rope to dry, The drying
is an expensive operation because you are remov-
ing a lot of water, And you have the same problem
here in Southeast Alaska that we have:you don' t
have very much sunshine.Q, I'd like to ask a question on the black seaweed. Our
native harvest time is limited to about three weeks
in late April and very early May. h seems to me
the water temperature has no influence on matur-ing. This is the time we harvest the highest quality
black seaweed, Does your process of culturingchange that cycle so that they will mature at dif-
ferent times of the year?A, One part of our process that coukd prevent the plani
from maturing early is cuning thein before they have
a chance to become reproductively mature. But this
is a problem that has to be looked at with any kx..al

species you cultivate, because different species dki
become reproductive at dtfferent times of'the year.
You' re correct � maturation is probably not a re-
sponse to water temperature; it is more likely a re-
sponse to changes in day length.What l believe will ultimately happen with noxi
cultivation in this part of the North Pacilic is that
you will be growing different species at different
times of year, depending on their natural hfe cycles.
So the black seaweed might be one to grow in the
early spring up until May. and in the summer we
would probably grow a different species.Q. Louie, it sounded like we were getting something
for nothing with your one month appearing to bea year. Were you spawning those sporophytes theprevious November and holding them in red light
for nine months, so that they still were two yearplants, or were you spawning them sometime in
April or January?A. The first year we were resuicted to the spores wegot in October or November. and we had to wattnine months with thc spores in the red hght until
we planted thc next year. Now that we have disne
that once. we can use the same seed again and againWe Leep part of it in the red light al'I the tune, plant
it in December, and hy January ii behaves a
second-year plant. Bui that first t»»e v c hud t'ai pas
ihe price of v,aiting nine months





SCALLOP CULTURE IN BRITISH COILIVIBIA
Neil Bourne

Department of Fisheries and Oceans
Nanaimo, British Columbia

INTRODUCTlON

Rock Scallops

SCALaaP SPECIES AND FISHERIES

Went}terVnne Seagppa

Coastal British Columbia extends from 48'20' to
54'40'N latitude. Although the continental shelf area
is limited because of the preripitous coastline, there are
extensive areas with water depths less than 100 in with
good scaUop habitat, e.g., Hecate Strait, Queen Char-
lotte Sound, and off the west coast of Vancouver Island
 Figure 1!.Scallops have been caught on longline gear or in
otter trawls in finfish fisheries in some of these waters.
This has prompted enquiries about the extent of scallop
populations and whether a commercia} fishery could be
supported, Extensive surveys have been undertaken to
investigate scallop resources in British Columbia watts'.
The first was in 1934, and a more comprehensive survey
of the entire coast was carried out in 1960 and 1961
 Quayle 1961 and 1963, Bourne 1969!. Sporadic surveys
have been done since then, particularly in the Gulf Is-
lands region  Bourne, unpublished!. Other surveys have
been made to assess invertebrate resources in coastal
British Columbia  Bernard et al. 1967, 1968, 1970!. In
addition many tows have been made with otter trawis
throughout British Columbia marine waters by both
research and commercial vessels,Results of this work show that 13 species of scallops
occur in British Columbia coastd waters  Bernard 1983!,
 Table I!. Most are rare or smaU but four species are
either large or occur in sufficient abundance to bringup the possibility of establishing a cominerciai scallop
fishery in British Columbia. The four species are:
weathervane, Parinopecren caurinus Gould; rock, Cras-sadortra giganrea Gray  IIinnires rnatrirttgosus Gale!;
pink, Ottarrtys rstbida Hinds; anc} spiny, &larrtys hasfata
Sowerby.

Weathervane scaIiops arc large and can attain a shell
height of 23 cm  Bourne 1969!, They occur from cen-
tral Ca}iforrua to the northern part of the Gulf of Alaska
and west in the Aleutian islands to Amlia Island m depths
of IO to ZOO m, generaUy on sand or mud bottom  Grau

Author a addrcr~ Oepartmaut Of nithcrica and Dcaarts, BiolOSiCaiSctcoccs Braoch, Pacific Btological Station. rttanaittto, Brittth Co-
tutttha, V9}t SXt, Cattada.
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1959, Qusyle 1960, Bernard 1983, Kaiser 1986!.
ln British Columbia distribution is sporadic and

local. The two largest populations are in Dixon Entrance
 Figure I!, off the north coast of the Queen Charlotte
islands ard in the Gulf Islands region. Small local popu-
lations have been reported from a few other locations
along the coast.All populations are small. Estimates made from
dragging operations and by direct observations using the
underwater submersible Pisces indicated the maximumdensity was about I scallop pcr 65 square meters in the
Gulf Islands area. The population in Dixon Entmnce is
smaller and less dense than the onc in the Gulf Islands.
I.ittle old shell was caught during dragging work at both
locations indicating populations have never been exten-
sive in recent time.Recruitment in thc Gulf islands popu}ation is ap-parently low. The size distribution of this population has
varied little in over 15 years of sampling  Bourne, un-published!, There has been no indication of strong year
classes dominating the population,Sporadic attempts have been made to harvest weath-
ervane scallops commercially from the two main centersof population in British Columbia but they have ended
quickly because of low catches.

Rock scaUops are massive and can attain a shellheight of 25 cm  Bourne l969!. The valves are irregular
in shape. I!util they are 2 to 3 cm shell height they arcfree swimming and rcsemb}e Otlarrtvs species. At 2 to3 cm shell height they attach themselves to a rock by
the lower right valve and renuun there for life.Rock scallops occur froin Mexico to the Aleut~anis}tmds, 25 1 60'N Iatinu}c  Grau 1959, Berruud 1983!.from the lower intertidal zone �.5 m intertidal level!to subtidal depths of 80 m. Rock scaUops occur through-out the coastai area but have a patchy distribution andare not particularly abundant in any one location. In
British Columbia they appear to be more common onthe outer coast than in areas such as the Strait of Georgia,No attempts have been made io estimate population sizeor density in any area dong the coast, Cursory obser-vations show there is a preponderance of older animals
in most areas.Rock scallops do not lend themselves io a draggmgtype fishery but atiempLs have been made io harvest them
corrunercially by diving. The~ have ertded ttt failure he



«t««< >is wI«;r>

s auw u ts difficult and uneconomical to chisel them offr<>< ks. A  presen  no s emcrciaf fishutg is permitted for
r«k >;«flops in British C<ilumbia but they can be bar-
>cued in  he recreational fishery where the catch is
icguf«te<f hy «daily bag limit.

Vfsik atsd Bplny Sctsffops

Pink and spiny scallops are small and rarely attain« ihcff height larger than 80 mm  8<>urne 1969!. S in
w'«ll«> i< p> «cour fr<>in h>wer California to  he northern par <il ihe luff <if Alas <«, latitude 33 t<i 60'f<l, pmk scallops
have «slightly nb<re re>inc ed range from 33 to 58'f<i
 Hem«rd I9 �  8<>th species have a discontinuous dis-
 rihu ion in Bri ish C<>lumbia hui;an <>ccur in « nail<ten«el> papula e<f beds. <iptny scaU<>ps «re usually found<in  iriner boaom, gra> el or r<>ck. in areas <>f s rong c ur-
rem. Pink st «flops tend  o occur in areas ot softer bot-'.iim Pink scaff<>ps oc~r in somewha  deeper water than

spiny scallops, 5 to 200 m compared to 5  o f 60 m  Ber
nard 1983!.

No s udies have been made of natural pink and spmyscallop populations in British Columbia but cursory ob-
servations of some beds indica e there is a wide spread
in sizes of animals indicating that recruitment has been
reasonably consistent.

A commercial fishery for both species began inBritish Columbia in 1981 but landings have been small
 Table 2!, Traditionally, only the adductor muscle of
sca ps is eaten in North American markets but theseal s i

smaf size of these two species has encouraged devefop-smaf1 size

men  of' local markets for whole scallops. The fisheryis loca ed in southern British Columbia. Fishing is eitherhy  o w'iiig smal I home-made drags or by div ng. At pres-
ent, mos  nf the catch is taken by divers and mos  ofthe catch is spiny scallops since diving general! y occursat shallower depths on reefs that have a rocky bo«tnEventual s ze of the fishery for pink and spiny scallops



Weight  tom!

1982
i 9&3
1984
t985
l986

8.3
ll.o
17,9
33.4
7}.i

CULTL'RE

!natural Sets

SCALLOP HATCHKRY

Scallop Spedcs

Table 1, 8pereies or ~ltops recorded from British Cotwnbbt

Chhnnys a ada
Chhrnrys hehcing ion a
Ch!arnyS haslara
Or hanvs lardani
Chlamvs rrarnda
CraSSarhrma Siganlea
Cyelapecren argenleaS
Cyciop en ten car lors errsi s
Cyciapecren hnrrdseni
Cyciopeoen rqaarnifocrnrs
Oeler lapecien r andalphr'
De/ecropecren nrncoarerensrs
Parinapecren carr rinrrs

wi	 depend on the extent of scallop populations, size
of markets for whole sea[!ops, and the economics of
fishing; however, it is doubtful if annual landmgs will
exceed l,000 tons.

Natura! sca!lop populanons in British Columbia are
too small to support a large sustainable commercial
fishery. lf a significant scallop industry is to develop
in British Columbia  annua! landings of �,000 tons or
more! it wi!! have to rely on culture operations.

In I981 a program began at thc Pacific Biological
Station to investigate the feasibility of scallop culture
in British Columbia. The program is a joint undertak-
ing of the Federal Department of Fisheries and Oceans,
Biological Sciences Branch, Pacific Bio!ogica! Station
and the Provincial Ministry of Agriculture and Fisheries,

In any culture operation a primary requisite is an
abundant, reliable, and inexpensive supply of juveniles
 seed!. Attempts were made to gather natural sets of juv-
eniles of the four native species mentioned above, us-
ing methods similar to those used in Japan  Venti!!a
1982!.Attempts to gather natural sets of wcathervane scal-
lops in the Gulf Islands area of the Strait of Georgia from
!981 to !983 were unsuccessful. Ten juveni!es were co!-
!ected in the first year but none in the last two years,
probably because of heavy sets of the crab Cancer ore-
ganensr s.Some success has been achieved collecting juveni!e
rock scallops from natura! sets. In scallop seed co!!ec-
ling operations in Barkley Sound on the west coast of
Vancouver island numbers of juvenile rock scaUops were
found in collectors along with juvenile pink and spiny
sca! !ops. Il was estimated that about 25 percent of the
juveniles were rock scaBops  G. Lindsay, personal com-
munication!, When Pacific oysters, Crassosirea gigas,
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Table 3. ~ or pink mtd sphly ~ io British Cohtmbia,
8 982-Eagir.

are cultured by thc hanging ~  bayle 1971! in
various locations in British Columbia, rock scallop
juveniles are frequently found on oyster strings in-
dicating widespread settlement of this species. Further
research is needed to determine if there are natural
breeding areas of rock scallops in British Columbia that
could be used to supply seed for a large rock sca!lop
culture operation.Pink and spiny sca!!op juveniles can be collected
in quantity from natural sets, up to 2,000 juvemles per
coUcctor  H. Jrrlil!cr, personal communication!. However
il is believed these species are too small and too slow
growing to support economically viable culture opera-
tions,As a result of this work it was decided to investigate
the feasibility of producing large quantities of juvcni!e
sca!!ops in a hatchery, suNcient to support a commer-
cia! culture operation. The remainder of this paper is
concerned with results of sca!lop hatchery and culture
work al lhc Pacific Biological Station.

An initial consideration in the project was the
species that should be investigateI. It was decided to
wOrk with the fOur native speCies. weathelvane, rock,
pink and spiny, and two exotics, the Japanese sca! lop,
Pari nopecse yessoensis, and the east coast sea sca!!op,
Placopecren inagetlani csss.Brood stock of nalive species was obtained locally,
Sexua!ly mature animals were coUected and held in the
laboratory. Adult Japanese scallops were obtained from
Mutsu Bay in northern Japan through the Aquaculture
Center of Aomori Prefecture. Sca scagop brood stock
was oblained from Passarnaquoddy Bay, Ncw Bruns-
wick, through the Biological Station in Sl. Andrews,
New Brunswick, Both exotic species were kept and con-
ditioned under quarantine conditions.



38 Shellfish

Akhough work has been done with all six species,
ntost of thc wo* has been with Japanese and rock
scallops and in particuhsr with the J panels scallop. Only
rcsuht with these two species aie discussed here.
Ctmthnlng ~ Sf mug

Only one attempt was made to condition scallops
ftntn the Spawned-out stage to a ripe condition. Jrt at!
other htsttutces anhrtah that werc sexuaUy ripe were ob-
tahtcd and brought into the lab.

Natural spawning of Japanese scallops begins in
rnid-March in Mutsu Bay, Japan when water
tctnpcratures reach about g 'C  Ventilla 1982!, Sexual-
ly rj» scallops were received from Japan in January to
February when water temperatures there werc about 2
to 4 C. Thc gonad coodiuon index  wet weight of goilad
over wet weight of total suit parts X IOO! was followed
chsse}y since it provides a good indication of the sexual
tipeaeas Of thc anitnals  Ventilla 1982!. Scallops re-
ceived fmm Japan had a gonad condition index ftxrm 1 8
tn 30 perrent. We inc~ or main.tairlcd the condi-
tkr» index from 25 to 30 percent by holding animals in
j to 7'C seawater and feeding tlem as much as possi-
bks «ith cultured algae, After several years experience
wc arc now able to determine whether most allimals are
in spawrting condition by visual observation,

Rack scallops spawn in Jure in Puget Sound,Washiagton  Laurcn 19g2!. The exact time of spawn-
hsg nf tOck scallops in British Columbia has not been
datctminad but it appem to extend over a period from
rnid-June tn September  Bourstc unpublished!.

Sevensl methods have been used to spawn scallops,Tbc tnost successful has been exposure to air followedhy thermal shock in seawater, Ripe scallops are kept outof water for up to two hours and then immersed in sea-water ihl is 4 to 6'C warmer than thc holding tcrnper-atttns. T%c seawater is irradiated with ultraviolet hght.lf spawnhtg doer not begin within two hours the watertentpetature is raised a further 2 to 3 'C and large quan-
of cultured algae snd/or sperm suspension added,
Another method that has proven to be successful ininducing spawning is injection of 0.4 ml of a 2 x 10'M sol~~ion of serotonin into the adductor muscle  Mat-sutani and Nomura 1982, Gibbons and Castagna l 984kSpawning usually occurs in 15 to 30 minures in males

and from 30 6! 60 minutes in temales.
Spawnhtg can extend over a period of six hours withpenods of quiescence imerspersed with periods of ac-

t'"ny Spawnmg can usually bc controlled and can bestopped by placing the scaJlops in chgled seawater �to 3 C!. but in a few instances females have spawned
"' completely, Some individual scallops have been

spawned two or three times over a period of rhree to@ur weeks- The number of eggs produced ar any spawn-ing vari«s but we usual!y anempt to produce 20 to 25inilhon per spawning
J~ scallops have been spawned from lateFebruary to the end of July, rock scallops from July toJanuary

Erstbryoruc Development

Seawater in the Pacific Biological Station system
ranges in temperature from 7 to 13'C but the salinity
remains fairly constant at 29 part per thousand  ppt! + I
ppt throughout the year, According to the Japanese lit-
erature these salinities are too low for successful devel-
opment of P. yessoerrsis embryos and larvae; optunal
salinities range from 34 to 38 ppt  Yarrminoto 1957!-

EXpenments were Undertaken tO rnveSttgate the Suit-
ability of our sea water system for successful embryonic
development of P, vessoeirsis. Four salinities and three
temperatures were tested and it was found that embryos
held at 19 ppt  ambient salinity! and 15 C had the best
survival  Bourne and Hodgson, unpublished!.

Similar experiinents were done with Crassadrpina
giganrea embryos under different salinity and tempera-
ture regimes. These embryos were more tolerant thao
P. yessoersris embryos and could survive at temperatures
of 15 to 18 C and salinities from 25 to 29 ppt  Bourne
and Hodgson, unpub/ished!.

Larval Development

P. vessrrensis embryos develop into veliger larvae
within 48 to 72 hours at 15 'C. Larvae are raised in a
variety of containers ranging from 4 L beakers to tanks
2.5 m  8 ft! in diameter and 1.2 m � ft! in height at
densities of 1 larva per rnl using modifications of stand-
ard bivalve larval culture techniques  Loosanoff and
Davis 1963, Dupuy et al. 1977, Breese and Malouf
1975!. Water used for larval cultures is filtered to 1 mi-
crorncter and changed twice weekly. The water is not
'treated with ultraviolet light or ozone. Larvae are fed
daily with cultured algae, the amount depends on size
of the larvae,

The effect of temperature and salinity, both singly
and in combination, on growth and survival of P. yes-
soensis larvae was determined at three temperatures and
four salurities. Optimum growth and survival of larvae
occurred at 15 C and at ambient �9 ppt! salinity 'Bourne and Hodgson, unpublished!.

Simdar expenments were earned out using C g>-
garrrea larvae. Maximum gmwlh and survival occurred
at a tcntperature of 18 C and a salinity of 29 ppt  Bourne
and Hodgson, unpublished!.

An ~nt consideration in the cuhure of bivalvehsrvae is selection of correct algal diets. Much time isdevoted to insuring that large quantities of good quality
tdgal foods afe available when required. All larval food
is raised in our algal culture facility using the batch
method of culture. Starter cultures are monitored care-
fully and changed daily. A variety of algal species have
been raised but customarily only three species are used
in our work now since they have proven to be good foods
for scallop larvae and juveniles and are easily cultured,
The three species are: a chrysophyte flagellate, IsncJtry-
sis galbana,  Tahitian variety} and two diatoms, Orae-
loceros calcilrans arid 7Jraiassiosira pseurfnnarra.
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Six diets were examined using a single species or
a combination of two or three species af algae. Larvae
fed only a single species of algae had the poorest growth
rates and those fed only T. preudoexria did not survive
beyond day 28. Larvae fed diets of Tahitian Isochrysis
and C. catcitrans or Tahitian Isocftrysis and T.
pseudonana had significantly faster growth rates than
larvae fed the other four diets. Larvae grew faster and
survived better when fed aiI three species af algae than
when fod only a combination of two species  Bourne and
Hodgson, unpublished!.

Similar results were found for C. gigantea larvae,
However, no significant difference in growth rate was
found when they were fed three or only two species of
algae  Bourne and Hodgson, unpublished!.

Considerable research effort has been devoted to de-
lerrnining the nutritional requirements of scallop larvae
snd juveniles, It is important that larvae, particularly
mature larvae prior to metamorphosis, have high energy
reserves. The energy content of different algal species
m the log and stationary phases of growth and the re-
sulting energy levels in larvae when fed these different
algae has been examined  Whyte 1987!. Research studies
are currently in progress ta determine which amino
acids, fatty acids, and carbohydrates are necessary to
produce good growth and high energy reserve in scallop
larvae. Other studies are determining the importance of
extracellular compounds and additives to the diet in the
nutrition of scallop larvae and juveniles.

Water used in larval cultures is filtered to I micro-
meter but is not sterilized with either ultraviolet or
ozone. Periodically mass mortalities of larvae have oc-
curred but the cause of the mortalities is unknown.
Samples of moribund larvae have been examined and
Vibrio sp. bacteria ideiitified  S, Bower, personal coin-
munication!. It is believed these bacteria are not the
cause of mortalities, at least not the primary cause. Cul-
tures have been made of the bacteria and larvae suspend-
ed in them. Larvae have shown no ill effects when held
in these bacteria cultures even when bacteria concen-
trations were extremely high  S. Bower, personal
communication!.Antibiotics are not customarily used in our larval
cultures. Growth and survival of larvae treated with an-
tibiotics, a mixture of streptomycin sulfate and penicillin
G, was compared to larvae noi tresied. There was a s ig-
nificant increase in growth and survival among larvae
treated with antibiotics  Bourne and Hodgson, unpub-
lished!, 1n a commercial operation the high cost of an-sibiotics and the danger of developing a virulent strain
af bacteria that is resistant to antibiotics woukJ have to
be weighed against the increased growth in larvae,

The larval stage of P. yessoensis is 25 to 30 days
at 15'C, Larvae have a shell length of 260 to 280 mi-
crometers and an eyespoi thai has a diameter of 10 mi-
c rome ters.Crassddvruu gigaiirea larvae mature when they
reach a shell length of 220 miciomoiers in about 20 days
ai 18'C. The eyespot is also 10 rnicrometers in diameter.

MetamorphtNIa

At maturity scallop larvae begin to setde on sub-
strates, and periods of swimming are interspersed with
periods of crawling on a well developed foot. When a
suitable substrate is located the larvae undergo metamor-
phosis, at which tune considerable anatomicai changes
occur within the animal  Cooke 1986!. Larval organs
such as the velum and the anterior adductor muscle are
lost and the salt parts go through a counter-clockwise
rotation of 180'  torsion!. Gifls begin to develop and
assume th» function of straining out food, After meta-
morphosis the animal is an early juvenile or spat, Met-
amorphosis and the period itnmediately after is a criti-
cal stage in the life history of a scallop and heavy mor-
taIEtles can occur &t tliis time,Several types of inaterial were tested for their suit-
ability as a setting substrate  cultch! for scaflop larvae
including: oyster and scallop shell, inonofilament line,
polypropyleno rope, vexar. artificial turf, jute, and sisal.
The best inaterial found is an artificial fiber manufac-
tured in Japan caIled kinran.Different methods to set metamorphosing scallop
larvae have been examinod. These have included upwel-
lers, dowiiwellers, raceways, in tanks that have static
water and in tanks in which about one-third of the water
volume is exchanged each day. The best method is to
set the larvae on kinran in tanks with static water and
hold them in these tanks for two to throe weeks, The
water may be exchanged through a filter once ar twice
a week and the spat are fed daily. After the two ta three
week period the spsi are firmly attached to the substrate
and a flow-through water system, run by a recirculatingpump, is begun. Food levels are moiiitored closely and
inc~ as the spat begin to feed heavily which is about
four weeks niter metamorphosis.The effect of various stimuli on metamorphosis has
been examined. Neuroiransmitiers, GABA and L-Dopa
were tested. Larvae treated with 10' IVI gamma ammobuiyric acid  GABA! or 10' and 10' Icti L Dopa had
a slightly higher rate of metamorphosis than controls bui
it was not signilicant  Bourne and Hodgson. unpub-
lished!. Sudden temperature shock may induce mcuinior-
phosis but results of this work are incomplete.Optimum density for metamorphosing larvae bas
also been examined. The highest success at metamor-phosis was obtained when larvae were set at 2 larvaeper ml or less  Bourne and Hodgson, unpublished!.

lVURSERY

Culture of most bivalves can be conveniently dis id-
ed into three stagm, a hatchery or breedmg stage where
animals are spawned, larvae reared to metamorphosis,
and set. The next stage is the nursery stage io v hich
spat are grown as quickly as possible to a size where
they can be used by a grower, The final stage is growoui
to commercial size.
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Oevc}optnent of a nursery system is an essential part
of most bivalves and particularly with

Th g~istodve]opt h logy whereby
~k ~t can be grown quickly until it is about 30
mm d ll height at which time it ~ b grown out to

red size lip cm shell height or !urger! in the
opea enviroament.

Spat have been raised by several methods in the ex-
perimental nursery; upwetiers, downweflers, in tank~

static water, in tanks with a slow exchange and in
raceways Two method have ptoven to be successful.
The first is to hokt spat in setting tanks using water froin
d» Pacific Biologist Station system until they are 3 to
5 mm shell height, A strong water flow is maintained
by a recirculating pump and the spat are fed cultured
al~. When the spat ate 3 to 5 tnm shell height they
are put in spat bags and suspended in the open environ-
ment. Another successful method was to hold spat in
tanks with water that was pumped dinectly from the open
environment at a depth of about 3 m through 50 micro-
meter liher bags. Again a strong water flow was main-
tained by a circulating pump. Cultured algae was added
to the tanks to augment any ~ foods available to
the spat, When the spat were about 5 mm shell height
they were transferred to spat bags and suspended in the
Dpell enVIHHltnell't.

Spat grew to a sheH height of 1 mm in about 30 days
and were l cm in shell height in about 90 days  Bourne
and Hodgson, unpublished!.

Heavy mortalities have occurred in the nursery.
lsfortalities were in highest numbers for spat between
0.4 to 0.6 mm sheH height. Cause of the mortalities is
unknown but is believed due primarily to poor nutrition.
Extotsive research work was done in 1 987 on the nutri-
tion of scallop spat,

An eflicient nursery system that wifl produce large
quantities of juvenile scallops quickly is essential for the
establishment of a scallop culture industry. Continuing
research is needed to perfect a scallop nursery system.

GROWOUT

Ciiowout studies were done at two sites, DepartureBay near the Pacific Biological Station and Refuge
Cove on west Redrmda Mand at the northern end of the
Siren of Georgia. At Departure Bay scallops were heldai ihree depths, 5, lO and l5 m, at Refuge Cove they
were held at four depths, 5, l 0, l 5 and 20 rn. Juveniles
were held in pearl neLs and later transferred to lanternnets Juveniles werc pui out in November 1985 at Depar-
ture Bay and in February [9g6 ai Refuge Cove. The ex-
periment was  emiinaied in February l987 at RefugeCiive and in May !987 at Departure Bay.

At Departure Bay mortalities werc about l io 2 per-
cent per momh excepi in September to Noventber whenhey were higher. Growth was slowest at l S m and sim-lar at 5 ~ lOm  Bourne and Carolsfeld. unpubhshed!-heavier fouling was observed at 5 m than at the otherle hs inpths m lvlay and July and ibis may account for the

slightly slower growth rate at this depth. Fouling may
have restricted water flow through the nets and hestce
restricted food supply.

At Refuge Cove growth was fastest at 5 m and de-
clined with increasing depth. Growth rates were simdar
to those at similar depth s in Departure Bay  Bourne and
Camlsfekl, unpublished!. Mortalities were low, less than
5 percent during the course of the experiment,

Maximum growth For P. yessoensis was I l cm shell
height in 18 months at Departure Bay  from time of
spawning!. Average growth was 8 to 9 cm in lg months,
9 to l I cm in two years. lt is possible to produce a com-
mercial size Japanese scallop m southern British Colum-
bia within two years.

Juvenile P. yessoensis produced in 1986 are being
used in experimental growout studies at seven locations
in British Columbia that extend from Prince Rupert in
the north to Sanson Narrow~ in the south.

Considerable progress has been inade in our scallop
culture program but f'urther work is nailed. Nutritional
studies of larvae and juveniles are an immediate focus
of research work, A comprehensive diet must be devel-
oped for larvae and juveniles that will produce rapid
growth with minimum mortalities. Nursery methods
must also be improved so that large numbers of juvenile
scallops can be produced efficient!y and with minimum
tnortal itic s.

Present growout methods are labor intensive and
need to be improved. Growout methods inust be devel-
oped that are suitable for British Columbia conditions
so that juvenile scallops can be grown to romrnercial
size quickly and economically.

Future work should inctude production of juvenile
scallops, at a pilot scale commercial level to provide in-
dustry with information on the viabiflty ot raising
juvenile scallops in hatcheries.
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SCALLOP SPAT COLLECTION STUDY
IN KODIAK: PRELIMINARY RESULTS
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BACKGROUND

Pats! Peyton, ADC

INTRODUCTION

Mike Kalll, ADFgrG

The people in the Kodiak area have been interested
in mariculture for some time. The wild scallop harvest
i«e area c!early indicates that there is a resident
population.The Alaska Department of Commerce  ADC! got
involved in 1985. We made a field trip in the spring of
that year to the Kodiak archipelago at the ret!uest of
Senator Zharoff and the Kodiak Area Native Associa-
tion  KANA! to look at fisheries development. This led
to the state contacting the Japan Overseas Fishery Co-
operation Foundation in !985. OFCF could be charac-
terized as the Japanese equivalent of a ftsheries Peace
Corps, Their business is to run fisheries projects wor!d-
wide and to promote goodwi!! for the Japanese fishing
industry. They are funded by the Japanese government.

Af!er the in!tin! contacts, a group froln OFCF came
to Juneau in July of '1985. The ADC and ADF&G
 A!asks Department of Fish and Game! held preliminary
meetings with the Japanese and drafted a memorandum
of agreemcnt on seafood industry, deve!opment, and
trade. This was fina!ized and signed in Tokyo by Gover-
nor Sheffield and the president of the Japan Fisheries
Agency in October of !985. Technical group meetings
followed, to determine what kind of projects we would
undertake and how they would be implemented.The goal from the state's perspective throughout
was to focus on high technology and technology trans-
fer projects. We wanted to institutions!ice the start-up
phase, the difftcu!t part, so that we could teach others
how to do this.For that reason, much of the effort was focused in
ADF&G's FRED Division  Fisheries Rehabilitation En-

Antltors' arklresses; Paul Peyton. Alaska Deparunent of Commerce.Division of Business Development, Commercrai Fisheries Develop-
ment, P,O. D. Juneau, Alaska 99811.Jrtike Kai}i, Alaska !:~n nf Fnh and Game, Division of FisheriesRehabnitrrtion Enhancement and DevelOpmem. P.O 3-20tw. Juneau,
Alaska 99802.Linda Hornig, Alaska Department of Fish anti Garne. P.O. l l53,
Korttak, Alaska 996 l 5Bin Osborne, Kortrak Area 'Native Association, n P- Center Ave .
Kodrak, Alaska 99615.
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hancement and Development!. ADC's role was primari-
ly as facilitators, administrators, and money managers.
We haven't been temb!y involved in the technical de-
tailS, hut Our fOt,uS iS lO make Sure that We come up with
a conunercially viable product.We undertook three basic projects. One was on-the-
job naining for personnel for a surimi line. This was
a two-part project. Thc first was the workshop in Kodi-
ak, to develop the text and video for further educauonalpurposes, The second part was a practica! workshop in
the plants. Wc brought recognized surimi experts fromJapan plus several people from the Nationa! Marine Fish-
eries Scrvicc and other experts from the U,S. They puttogether a very good set of educational materials on
surimi manufacture, That was completed in late l986.

The second project, the Scallop Mariculture Feasi-
bility Project, took place in Kodiak. !t was initialed inApril of 1987 and will be comp!eted in the fall of 1988The third project wi!! take place in Sitka and is sched-
uled to start in the fal! of 1988 and be comp!eted in ! 990.

The State of A!aska contributes a significant amount
of matching funds and thc J~ contribute funds and
personnel for these projects.

There are a !ot of different participants in the Kodiak
Project, The state snd thc agencies such as OFCF do
the research and deve!opment, and then we turn the pro!-ecl over to the local peop!e and potential developers and
go on to other developmental issues.The overall goal of the project is to test thc feasi-bility of sca!!op maricu!ture. Thc first prob!em is to finda way to take advantage of a natura! resource in terms
of collecting wi!d spat, and then to channel that into asea fanning operation. W» waul to collect sufficient seed
to supply successful farming operations. We also want
to find out where thc sca!lops !i ve, what conditions are
associated with each population, and how this al! re!ates
to co!!~ing spat.The main sOurCe of guidanCe for the project tv  he
technical advisory committee which is composed nf of-
ficials from OFCF. KANA, ADFBrG, and ADC. Thc



«« ~in projca six <ttalsin Bay! and coapermr projea sires around Kodak >stand.
teets ut Kodiak and recei ves general pohcy
' OFCF staff is led by Dr. Jwagishi and
iakishita and Mr. 1shiyarna, who is here
ttly in Alaska. These people are our resi-
represent ADFgcG operations in rhe Ko-
roject. We have a biologist located in

Kodiak who coordinates things and runs the o+~-
very active player in this whole project is the ~N
concerned with economic development of the villages
of the Kodiak archipelago-

The cooperator people make up the rest of the Proj-
ect. There are six sites around the island system ++ ~
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Figure 2. diagram of Kalsiu Bay spat collecting lottglitte  dai!.

active participants and they receive support, gear, and
equipment from the project. They are fairly evenly dis-
tributed around the island. AH these people are inter-
ested in scallop mariculture, and are interested in con-
tinuing as farmers or as spat fishermen during the de-
velopment phase of the project. We chose the project
sites because they are near concentrations of adult scal-
lops, based on commercial harvest data. We do have
some very strong scallop beds in Alaska. There is
another good source of scallops off Yakutat, We also
have deep currents that would carry larvae on shore,
and at optimum times. Bui our scallop beds are not
strong enough to sustain a continued economicafly viable
fishery. The weathervane scaflop has shown a very con-
sistent and strong price over the years, so we can de-
pend on scallop farmers receiving at least a $4 to $5 ex-
vessel price for shucked meats on the market. This is
different from other manculture products, because the
price fluctuates on the basis of demand for those other
items. But according to data from U.S. Department of
Cornrnerce reports, and even with the presence of large
catches on the east coast, the price of weathervanes
seems to stay stable. Therefore we felt that weathervane
scaliops were a good candidate for this project.

Another mncem for site selection was logistics. Re-
mote locations are an issue in Kodiak. The road systein
is not very extensive. We have sites that could be more
favorable because they are near a large scallop popula-
tion, bu.t accessibility is stiH an important criterion.

Another criterion was potential for development.
Our concern was a very practical one, that when our
phase of the project is over, we leave people who have
taken over this project with a high probability of suc-
cess. Therefore we wanted participation by interested
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and motivated cooperators. One of the criteria for the
cooperators was to get a conunitment from these peo-
ple and then to build on that commitment.

And finally, we wanted lo have the sites distributed
equally around the island to give the best estimate possi-
ble as to the major habitat of the scaflops,

The locations of the main project site and the six
cooperating sites are shown in Figure l. From the north,
proceeding counter-clockwise, the sites are as follows.
The Kitoi Bay Hatchery, operated by the Alaska Depart-
ment of Fish and Game, is located near previously 6shed
scallop beds in Irhut Bay. The viflage of Port Lions has
shown strong community support of mariculture, and
is located near reported scaflop beds in Kizhuyak Bay.
Uganik Passage, where commercial set giH net fishermen
cooperated with tbe project, is near a historicagy dense
population of scallops in the upper East Arm of Uganik
Bay. Amook Pass, where the operators of a commer-
cial bear guiding camp cooperated with the project, is
the meeting point of waters fmm the outer and inner por-
lions of Uyak Bay. Scallops are currently found m
Aniook Pass, and have been commercially fished in
Uyak Bay. The village of Akhiok was the site of an ear-
l scallop culture project in l980 and is now the focus
of KANA's efforts in maricuiture. Small numbers of
scaHops were found in research trawls ut Aiitak Bay,
and a scallop fishery took place outside of Cape Aitutk.
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settle apprctatmatcfy t< days later.
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F<gure 0 Diagram ot c«<'lpcrdt»l sire c<1!Iecu<tg gear.

rema<nerf. Svnilar ttteasurcntcnts and samples v,ere taken
bv pi'oject cooperators, as time and weather permitted

The nlain site  Ka!sin Bay i spat colleCting gear con-
sisted ol lv.o separate long»nes suspended off the bot-
tont and bclov- the surface of thc v,ater. Spat collector
bags. attached  o dropper lines called rens. were hung
off each longline  Figure 2!.Each ltlngline was 75 m long. and anchored in place
by four 50 kg kedge anchors. Five .~6 cnY plastic trawl
type floats at the surface and eight 50 crn submerged
floats atta ltcd close to thc longline v.cre used to sus-
pend the lcinglinc 5 rn bclov the surface. %lore fl<iats
were attached to the line as needeJ during the sea.iin
ici prevent the gear from ~inking under th» grov mgweight of the attached orgamsms. A pair of sandbags
restirlg on thc bottom was attached to each en d and to
the middle of the longline lo present cross-currcncs from
disturbing the longhne
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Fig<<re s tu~grs«t ii pti»  ville i<ir vwu near rr<~ir< vite s r<<!ux.

Each reti of collect<irs cons»tcd iil a '� m lcneth
of line v, iih 2 l c<illecior bags attached <Fig,ure 5i 'the
bagS Were 2 mr!i meah oninn-type bags filled wnh Weir»ri
ntcsh filler. Fil'ty rcns we!glued at ihe hint<trit v, ith 0 kg
sinkers v cre spaced evenly aliing each liingline f»r u
t<itat of 1.Ã3t1 bags per l<ingline.  !ne liingline ot vinii!ai
c<tnstructi<tn v ith t5 rens vas used ai th< Akhiiik
Cii<IPC<at<if s! CSingle ren pilot collectors were used al thc i «»fYC<
atnr ~iteS l Figure 4l EaCh Ciinsisted iif a ren v,]lb,i Yll
cm float anached to the top, anch<ired <s ith a 5<3 kg s,<rt J
bag and enough line s<i that the float was 5 rn bet<is. ih<
surface at low tide. A sec<ind sandbag was att che '!i
the first, as lkr apart as the depth iit thc v,atcr
tace huoy was attached to the seciin J van Jhag Th«ue
sign prcvefltc<l disturbance iil thc " illecii<ri bv urla. c
water' <Yl<tvt nlerlt, and itlintril <<red lhe 'hanec iliai ih; '92,nlighl bec<iine tangled v iih thc vuf f.<c c hiiii3
~mall sire rf this gear unit .<I!<Y«CJi:t i
and c<illected froni smallir iktft.

Simple one-iandbac pthtt �il!C,i ir- a< ic,'-,



5/seIIfish

100 cm

10»m X ip l Qrefs

lntarsntdlate Culture

RESULTS

Bill Osborne, KANA

Gotuad Index

Spat SantpHng

Plgaiea ~ ~ acr  tsdai-shihl rar La» is ini»nnoaiaie»stress af spaL

ahatt thtta intervaiS in Kalsin Bay to check the timing
of ~ NNeeent  Figure 5!. These coUectors consistedtsf a tart, ass%ared by a ~, with a float attached
IO Nta SOp 5 tn belnw the surplice in the same manneraa  ha Other pQot cnH»ctors. A small surface buoy wa sattaahad directly to the rert float.

The two longlmes m Kalsin Bay were set an Junel5 attd <g. The l00 tens were attached to the longlineson July 7 mtd g, wh lhmkton munpl ~y~ m-dleatad that scallop spat settlement might begin within~ weak- Five pilot cogectors were set near the longlinesat the thne the rens were anached. Five more pilot col-lectors wern set periodicaHy at later dates untU earlyStptianber in order to determine the exact time of spatsettlemeni,

Sacb of the cooperator sites was supplied with+'only materutls for 20 pilot collectors., as weH as
Vhng aad hiboratory equipment. Pilot collectors were~ m "+ cooperator sires during July and August. The+iok longline was set on July 24.

ector bags utre sampled meekly from Kalsin
y s m"g on July 30. fnitiall> samples were taken

S ~ p"ot coHeciors near the longlines. After
the lo 1 ~ weekly samples continued with rens fromtgh'uxt Two bags were taken from the top, mid-

die, and bottom of the rens. Each pair of bags
in a plastic bag and preserved with formaHn
the bags were scrubbed by hand to break
the anached organisins. The sainples were
and concentrated in the saint manner as the
samples, by successively diluting and decanting.

Samples were examined under a microscope and all
scallop spat were coun ed. The first 100 spat from each
sample were measured for length and height, and the
remainder oF the sample was taHied in 250 micron length
categories. As the spat became larger and different
species types became evident, they were separated by
type as well,

One ren from one station at each of the cooperator
sites was sampled in October or early November. These
samples were processed and measured m the same man-
iier as the Kalsin Bay samples.

Two 60 m longlines have been set for intermediate
culture growoui, one in Trident Basin near Kodiak on
August 25, and one near Akhiok on September 4- These
were constructed in the same manner as the spat col-
lecting longlines, but one anchor was used at each end
instead of two, Ten-layer accordion cages  tadan-saki!
wgl be used to hold the spar  Figure 6!. Transfer will
occisr when half of the spat in the collectors is 3 mm
or larger. This is the smallest size at which the spat can
be handled. Since the mesh in the cages is 6 min, the
spat initially will be placed in 2 inm mesh bags.

I'he scallops used for our gonad index study were
subJected to the stress of dredging and tranqmrtation and
to subsrantiaHy different temperatures from bottarn-
dwelling scaHops, since they werc suspended 2 to 5 tn
below the surfatx:. For these reasons, the sample popula-
tion did not accurately represent the scallop papuhstionliltely to produce any spat found in Kalsin Bay. How-
ever, these results may provide a guide for predictingthe actual time of spawning.

Tire gonad index of the sampled scallops increased
to 20 percent prior to spawiung  Figur» 7!. The suddendeer»ase in gonad index shown in this graph suggeststhat these scaHops spawned from early to mid-May.Water temperatur» at 5 m depth was increasing from
6 to g C diiring this time, although it dropped back to7.3 by lvlsy 26.

The higher temperatures in the surface layer ofwater at the boat harbor inight have induced spawningearlier in the sample poptdation than in the wild popula-tion. ln comparison with our estimated time of spawn-
ing of early io mid-May, previous studies estiinated that
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weathertqtne scallops in the Kodiak area spawn tn the
Are half of June.

The tenpentture preSe of the water column in Kal-
tda Bay urus usually well mixed, with short periods of
themtal sttatiAcation  Figure 8!. When stratification oc-
curntd, the temperature of the surface water fluctuated,
while tenttpetutures from 10 m to 30 rn depth were rela-
tively staMe. Of particular interest in this graph is the
period of ~h rruxing f txnn mid-June to early July,
'lMa waa a period of severe storms, with an unusually
high raiafal. The ternpentmre throughout the water co -
uma decreased during this period. Jn late July the
tempattnttsreof the entire water column increased, and
the «mtpttratttre at 30 m rose from 7.8 to 8.2 'C in one
weak, hhglatunt temperature at the surface was 14.5
on July 30, aad at 30 m depth was l l,4 on August 26,
ghtce mN-~er, frequent storms have kept the
waaer cohm vreH mixed,

Temperature data from Amook show mixing of the
wear cohmtn during the storms in late June and early
July and thtoughottt the fall storms  Figure 9!. The data
stteaat soaaiderable variauon in temperature not only
at the attrface, but also at the 25 m depth. Maximum
tetnltaratura et tha surface was l3.2 on July 27. and at
25 tta depth waa ll.4 on September 14.

%'aaar tenti in Kempff Say near Akhiok was
atahla hahntv 10 m depth throughout the study period,
Wilh atratiSCat'ea and warming in the surface to 5 rn
layer fits tuid-July through August  Figure l0!. Thebe'chase at the surface was l3.9 on August
2, aal at m depth was l0.1 on September 4, over
ane de/Me otdder thmt the peak bottom temperature in
Kalaht Bay.

Sa samples were taken at all stauons Ill Kalsin
y m May, bttt bivalve larvae were only abundant at

stations I, 2, aad 3, Sampling effort concentrated at
those stations for the rest of the summer. The results
presented here are from Station 1 where bivalve larvae
were most abundant

alnotl
Larval shell shape was used to identify scall

mong the bivalve larvae, Examples of scallop and otherops

bivalve larvae are shown in Figure 1 l. Although there
1!, no attn
were possibly several species of scallops present  Tabl e
!, no attempt was made t<> dilferentiate among them.

Scag 1op larvae' are first ideniifiable at about l20 microns,
about ou one to two weeks after spawning, Larva] shegs
are initi By D-shaped, hut graduaHy develop a more
f ounded appearance urltil die umbo is completely in-
distinctnct at a length of about 200 micruns  Figure 1

Bivalve larvae became abundant in the plankton
tate May. and reached a peak of 9.267 percubic meter on May 2g,  Figure 13! Scallop larvae were

presem at stations 1 and 2 in small numbers from June

4 to June 30, with peak abundance of 4 per cubic meter
«t Station 2 on June 18. Abundance of all bivalve lar-
vae fell to between 72 to 414 per cubic meter during
the storms from mid-June to early July. anti no scaBop
larvae were found in early July. Scallop larvae at Sta-
tion I again appeared in samples from July 16 until
August 26, wirh a peak abundance of 136 per cubic
meter on July 30. Bivalve larvae were present through
the final sample on September 2, and reached a peak
abundance of 34.564 per cubic meter on July 27.

Scallop larvae found in the June samples grew at
a rate of 2.4 microns per day, calculated by simple re-
gression of the shell length of the largest larvae from
each of the four weekly samples. Planlnon samples taken
each week from early July to August l 3 included scallop
larvae less than 150 microns in I ength indicating a pro-
longed spawning period. Scallop larvae sampled from
July 9 to July 30 grew at a rate of 4.2 microns pei day,
calculated by simple regression of the shell length o f the
largest larva from each sample.

Bivalve larvae at Amook reached a peak abundance
oF4,800 per cubic meter on June 30  Figure 14!. Scal-
lop larvae were found only in the last two plankton
samples, taken on August 10 and August 24, respec-
tively.

Bivalve larvae at Akhiok reached a peak abundance
of 3.682 per cubic meter on luly 30  Figure 15!, Scal-
hip larvae werc observed in the July 24, July 30, and
August 18 samples, with a peak abundance of 76 per
cubic meter on August Ig.

S pat Set tletnent

A  the time of settlement, scallop larvae undergo
metamorphosis. The larval swimming structure, or
velum, is lost the scuHops lose their ability to swim,
they begin to feed by means of their gills rather than
the velum, an eye spot develops in the middle of each
shell, and a foot «nd byssus gland develop which pro-
duce the thread hy which the scallop spat attach. After
mctamorphosir a distinctly different shell is produced.
The original larval shell is easily distinguishable from
the early spat shell  Figure ]6!, By measuring the lar-
val shell of young spat, the size at metamorphosis ca: n
be determined.

The size at metamorphosis was measured from all
spat from the pilot collectors in Kalsin Bay. This size
ranged from 200 to 275 rnicrons and averaged 237
microns  Figure l7!,

Seatlernent Thning

pilot collectors in Kaisin Bay were retrieved from
J uly 30 tu September 8. Collectors removed prior to
August l3 had few scallop spat or none at all. CoBec-
nirs set after August 26 likewise had fcw attached scallop
spat, Thus, the major pan of the settlement period fell
between August 13 and 26  Table 2!.
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Settlement at Depth

TaMe l. Scaacp spat cctttcnactrt fat Karla nay, 1987,

Date rcr Dare ptrttctt A.vcra8e no cf spar

On October I, the scallop spat had an average shell
Iength of 0,6 mm  Figure lg!. At this time, different
types of spat could be distinguished, so sll spat from
thC neat sample were separated intO twO recogni22tble
shell types, A and B. Spat types were first apparent at
ararund I rnm shell length. The average length of all
scallop spat fnym October 8 was 0.76 mm  Figure 19!.
More spat from the october 14 sample were distmguish-
shle into the differern types, and the average shell length
was 0.82 m  Figure 20!. On October 29, most of the
spat were disnnguishable into types and the average shell
length was I.'37 run  Figure 21!. On November 11, the
average shell length was I.36 nun  Figure 22!.

One sample was made from the pilot collectors at
Amt»k on Ociober 22. Two bags were sarnpM from
each of the top, middle, and bottom layers. The spat
were much smaller than the spat in Kalsin Bay of the

time period, but the same types of scallops were
present  Figure 23>

The spat coiilected from the longhne in Akluok were
1"c s all««f all spat measured at the time of thts
ep"~ -<"sr spat were unidentifiable, although the same

types w«e present  Figure 24>.

On aII sample dates and at all sites except Amook,
spat sett>ement was greatest at the 20 to 25 m depth

Fiacre 11. Excmptcs of scat/op and other brvatve tarvac Arrow hr-
dicatec vcttop tcrva. Pharn by Yosbio Jabiyama.

 Table 3!. At Amook, the settlerncnt was greatest at the
middle depth range. The density of spat settlement was
fairly constant in Kalsin Bay, at 180 to 255 spat per bag.
Spat settlement was heaviest in Amook Pass, with over
1,000 spat per bag, and lightest near Akhiok with 60
spat per bag.

Scallop spat from the October 8 sample were first.
separated into distinguishable types. Spat can bc clear-
ly separated into the different types at about I mm shell
height, Spat called Type A were distinguished by strong
ribs visible on spat as small as 750 microns, small spiny
projections on the ribs, shell height slightly greater than
shell length, and a pink color in spar larger than 1,5 mnr
 Ftgures 25 and 26!. Spat called Type B were distin-
guished by weak ribs not noticeable until after a shell
height of about I mm. large eyes along the mantle
margm that are clearly visible through the shell, roughly
equal shell height and length, and a speckled color i.n
spat larger than 2 mm  Figures 25 and 26!,

There werc spat from every sample that were too
small to separate into types. The major portion of spat
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ftntst every satnple were of Type B  Figure 27!. About
80 psaeent nf the ideittifiable spat from each sample from
Kakshs Bay were caHed Type B and the remainder were
naiad ~ A. Of the spat from Akhiok and Amook,
94 percent and 78 percent respectively were called Type
B, ttnd the retnaitder were caHed Type A.

Systt Grosrtb

Thc gmwlh rates of scallop spat from Kalsin Bay
ate ptesnttad in Figure 28. The upper line on the graph
Indlcalea thc largest spat found in each sample. Initial-
ly, the spat were not separated into types, but after Oc-
tober 8, the largest spat from each sample is of Type
B. Tbc largest spat of Type A from each sample is in-
tHcntnd by the next line beginning on October 8, The
tttkNe Hne- @dictum thc avenge length of spat from each
of the sample, and the lowest hne indicates the smallest
spat frtnn each sample.

Type B spat from October 8 to November I I had
a gnswth rate of 62 microns per day, and Type A spat
fit!t!S the Satne time periOd grew at a rate of 56 microns
per day. 'Autntghout the sampling period, small spat less
than 250 Inictons in length were found in ahnost every
aNBpk, intHcating either that new spat were continuing
to attach to the eoHectors or that some spat that had at-
tached earIier were not growing.

SUlHIkf ARY

Ikf Hte Kn8I, ASFkG
To date, aH of our sample scallop spat are too smaH

to identify, and we have not been able to identify any

weathervane scallops. Of the currently unidentifiable
scallops, there may be weathervanes, as well as other
scallops of possible economic value such as Ihc rock
SCallOp and C/Ila/nys SpeCies.

This pro!ect was not designed as a one-year effort.
The uncertainties of weather, location, biological year-
class failure, and other factors require a multi-year
approach.

We want to emphasize that the technology that
OFCF has provided us has already become incorporated
imo the state's efforts at mariculture, Spat cogection ef-
fort statewide has benefitted from the insight, gear, and
biological information provided to the Kodiak project.

In December this year's results wiH be evaluated
by the project technical coinmittee, made up of OFCF,
State, and KANA officials. At that time, a program for
the second year of the project will be mapped out. It
is anticipated that the follow'mg will be identified as work
elements:

Continue processing of collected spat, sorting and
transfer to intermediate growout cages.
Continue survey work for location and abundance
of scallop populations.
Continue gonad index work, to refine estimates
of timing of adult scallop populations.
Continue oceanographic work, including current
measurement, to increase information base of ecol-
ogy and movement of scallop larvae.
Artificis! spawning study, for identification of lar-
vae and refinement of timing for sening collectors.



THE ECONOMIC FEASIBILITY OF OYSTER FARMING
IN SOUTHEAST ALASKA

Ray RaLonde
Sheldon Jackson College

Sitka, Alaska

Rearing Structures

THE OYSTER FARM MODEI-

Lantern Net Model

Surface Tray Model

INITIAL COSTS

Working at She!don Jackson College, we frequent-
ly receive calls asking for information. Many of those
calls in the past few years have concerned oyster farm-
ing, The inquiring people ask questtons such as, "I have
$I5,000. Can l start an oyster farm?" And. "What
wouk! it take to start an oyster farm-I' ve got a site
here." Or, someone comes into the office with a chart
marked at a !ocation on the west coast of Prhice of Wales
island, and he says, "Here are four sites, Which one
is best'?" Our frustration in answering these questions
demonstrated that we need to gather together some
information on oyster culture in A!ask«, including what
it take~ to put an oyster farm together,

Our best temporary plan included a computer-sim-
ulated model farm. The nice thing about a computer
inodel i» that if it does not fit a site, the model can be
tnodified, The major problem encountered during the
nwx!e! development was that there are hundreds of ways
to organize an oyster farming business as a small
operator, and therefore hundreds of ways to develop and
modify a model, We selected some characteristics for
«hypothetical farin, and then put in several constraints
lead tng to projections.

The computer model was based upon the best in-
formation we could get by visiting farms, writing let-
ters, and searching the literature. One advantage we had
in constructing an aquaculture model was the work go-
ing on at She!don Jackson Col!ege's private nonprofit
 Pls!P! hatchery.

Input of information frotn Alaskans for the oyster
farm model was not as complete as that frotn other states,
Survey forms sent to the oyster growers through the
Alaska Shellfish Growers Association were not re-
turned. This indicates that  I! there is a real need for
the dissemination of information here in Alaska, that �!
oyster growers are either not keeping data or have not
been inbusiness long enough to generate much data, or
that �! the growers are not sharing this information.

An oyster farmer will have initial construction costs
for such things as a skiff, cabin. the actual facility, and

Aatttor's addreSS: Stteldon JaCkSon COueae, P.O. 479, Sitka. Alaska
99S35.
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a dry storage area. The high cost of the site survey alone
startles some people-to get tidelands surveyed for the
official lease is in the range of $5.000. Permits and data
collection previous to site construction are some other
up-front expenses, not anticipated by a new shellfish
farmer. Shipping cost for equipment may increase its
delivered cost by 50 percent; $l00 worth of pipe may
cost $150 by the time it arrives at the site. A grower
may be ab!e to transport equipmenl to a remote site by
chartering a local boat for $800 or $!.000 a day.

Oysters, cultured for the half she!I market, are
reared lii two primary systems; suspended, tiered lantern
nets and surface trays. Models with both of these types
of structures were developed.

Lantern nets are tubular structures 6 feel long and
div ided into ! 0 companmcnts. The nets are held in posi-
tion initially by an anchor and supported by foals. The
Aoats are attached on one another as a longline. Lantern
nets at present are a very expensive option for rearing
oysters, because they must be imported from Japan. A
10-tier lantern net sells for about $34  although I under-
stand lov er prices are now avalable! for only «n l8- or
24-inch t}iameter 10-tier net, which is not nearly as ef
ficient for oysters as «surface tr«y. with the lantern nel
facility, 1 estimated that an oysler farmer would have
to produce m<ire than 200.000 spat per year to make the
farm economic«Ay feasible; feasibility means pa> hack
of facility cost and operation within 15 years.

A surface tray model is made of a log or p!a»tie pipe
rectangle Aotation about 15 feet long by 4 feet wide.
It has a mesh screen attached to the bottom of the flota-
tion to form a chamber in which the oysters are suspend-
ed. Two types of surface tray facilities � one that used
log Aotation and one that used p!astic flotation � were
modeled to determine whether the !og flotation was
cheape.r in the long run than p!astic Aotation.

An economic analysis of both cu!tore faci!ities deter-
minK th«t even though Iog Aotation costs less initially,
!ogs in the !ong term are more expensive W:th «
200.000 spat-a-year facility, about esery third or fiiurth



9tellPsh

yc«appfoannatcI y 6 500 feet of logs will need to be
~ II was talking to Don Nicholson, however, and
hc says there ts a way to extend the lif'e span of the logs
so five years or longer.!

OnC SOurCe Of IOgS is from the U.S. Fnrest Service
which allows cutting on Forest Service property at a cost
of $0.5l per linear foot, Their policy is to mark the trees
themselves for cutting, and these trees would not be on
thc beach and therefore would not be arcessible. The
trccs then would have tn be i:ut, limbed, taken io the
beach, and then transported to the site.

'Ihc coat for tltc logs, net, surface tray, anchors,
ctc. woaM be about $50 a tray. It appears that a grower
ueuldn't save tnuch by using that sysn:m. If you are con-
sidering using the logs as a flotation device, you should
«k yourself if it is worth the trouble,

Plastic flotation is less troublesome in the long term
shtcc thc useful life of the facility is longer. In the model,
a 200,000 spat facility could be paid back in I 0 to I 2
yc«a,

OPERATING COSTS

An imptsttt tnt operatmg cost is salary. The computer
modcI asautncs that it takes three years to get a
marketable oygcr, baaed upon some of the cold water
comlitions in Alaaka. Ious an operator would have liv-
Ittg c~ for three years on the site, or someone
wutdd aced to bc hired to stay at the site to supervise
and gu«d tbc product. Salaries are a major expense in
opcaltattat, and to have a person living at a remote site
for three years in a cabm could cost as much as
$I00,NO.

In addition to salaries, employee wages, personal
tranaIsortation, boat fuel, and maintenance of matcrutls
must bc considered. Equipment tnainlcnance should go
Into the budget; if cquipmcnt is not maintained, opera-
tkmaI problems could beumc serious, especially in a
remote site. Equipmcnt depreciation shmdd be part of
opcratiotts cost since capital must be available to replace
cquiprncnt and facility structures to contiimc in opera-
tion.

Our models contain a maintenance requirement of
I percent of cquipmcnt cost annually, and I0 percent
depreciation of facility annually for reconstruction, The
cost for the aced for the oysters is relatively low � about
S I l,00 pcr l,000.

The more difficult expense to project is tidelands
lease, because thc tidelands ]ease policy is so unclear.
The lease cost may be based upon the most valuable
economic use of the property, or it may be as low as
$50.00 per acre.

Marketing and product transport expenses were put
into the computer model, Marketing cost should include
travel and communication to find the market and nego-
tiate the deals, including contracting expenses and possi-
ble legal fees. The marketing costs might be as much
as 10 percent of the market value of the product.

Insurance on the product is a necessity. Lioyds nf
London is an example of a carrier that might be wifling
to insure the product as a percent of the market value,

Shipping containers and freight costs must be con-
sidered, With a perishable product a reliable way to get
the oysters to market quickly is necessary, Air freight
will be required if the market is not close by. By the
way, Alaska Marine Highway ferries don't ship � they
made it very clear to me. They' re not a shipping agen-
cy; they are a highway system.

USING THE MODEL

For the model, I was looking toward producing ap-
proximately 200,000 oysters a year. With surface tray
plastic flotation. the operating and construction costs for
200,000 spat are approximately $115,000 during the first
year. Once the material is in place the operating costs
are about $60,000 per year. Income from sales, pro-
jected after the fourth year at the beginning harvest is
around $72,000 a year above expenses of $I2,000. At
this rate, the oyster farm can pay itself off in 10 to l2
y Cars.

'lhe oyster farm models described here are includ-
ed in more detail in the Alaska Oyster Grower 's hfaeaal
 University of Alaska Sea Grant, Marine Advisory
Bulletin I 7, availab]e from Alaska Department of Com-
merce and Economic Development, P.O. D, Juneau,
Alaska 99811! Feedback is welcome

QUESTIONS AND ANSWERS

Q. You said $72,000 was the gross sales. What was
that based on?

A, I had 50 cents an oyster and 200,000 spat a year
with mortalities over a three-year period.



OYSTER AQUACULTURE IN THE PACIFIC NORTEAVEST

Kenneth K. Chew

University of Washington
Seattle, Washington

INTRODUCTION detnands, Because of these demands the West CorLst pro-
duction scheme has also changed as the growers harvest
their crops earlier instead of waiting three or four years
to let the oysters get larger.

POTENT1AL FOR ALASKA

PRODUCTION LEVELS

OYSTER GROWING METHODS

Intertidal Bottom Culture

Author's address: Dtvissort of Aquaculture, School of Fisheries,
College or Ocean and Fishery Sciences, University ol' washington.
Seattle, Waahington 9839S.

I have been involved with oyster research and edu-
cation for approximately 25 years, and will note that
many exciting things have been happening in oyster
aquaculture in the Pacific Northwest during the last ten
years. The person following me, Jim Donaldson, will
open your eyes to major improvements that have taken
place in oyster culture. Most of the information I have
to present to you is based on the oyster industry in the
Pacific Northwest, but I will apply what I can to Alaska.

Figure I shows two principal species grown in the
Pacific Northwest; the Japanese or Pacific oyster  Crrs.s-
sostrea gr'gsts! and the smaller native or Olympia oyster
 Osrrea firrt'der!, The Pacific oyster is a species intro-
duced from Japan after the decline of the native oyster
fishery during the turn of this century in Washington
State. If it were not for the Pacific oyster, we would
probably not have an oyster fishery on the U.S. Pacific
coast. The native oyster production is slowly coming
back in southern Puget Sound, but will never reach ap-
preciable levels as m the past because of the domina-
tion by the Pacific oyster.

The main area for cryster production on the West
Coast is in the state of Washington  Figure 2!. There
was good oyster production m the 1950s because of large
shipments of the Japanese seed. Production went into
a slump during the 1970s and there is a general increase
now in the I9$0s.

During t.he l 960s and l970s Mary land, which bor-
ders the Chesapeake Bay, was the number one oyster
growing state. Louisiana aking the Gulf of Mexico was
the second largest, and Washington in the Pacific North-
west was third. As of 19g6. the American oyster
 Crassosrrea virgitiica! fishery in the Chesapeake Bay
area has fallen below Louisiana and Washington. Pollu-
tion and disease have contributed to the demise of the
oyster fishery not only in Chesapeake Bay but Delaware
Bay also.

As a result of the decline of the East Coast oyster
fishery, the Pacific coast oyster producers are beginning
to ship oysters to the eastern seaboard to ftII the market
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There is good potential for an oyster industry in
Alaska. I saw some excellent oyster-growing areas in
Wrangell, The Pacific oyster grown there has a great
flavor, Apparently one of the biggest problems for
Alaska is lack of seed now. At least four or five years
ago I advised Robin Larsson of the Alaska Shellfish
Growers Association it would be good to start an oyster
hatchery in southeast Alaska, or to get certification to
allow eyed larvae to be shipped for remote setting in
this area. I will comment further on remote setting hler.
Alaskans have to get moving on this quickly.

Assuming that you get adequate seed supply from
your hatchery, and/or via remote setting. there «re
several culture techniques for growout you could use.
I will discuss some of these techniques. If you want more
detail, you can contact the Alaska Sea Grant College Pro-
gram in Fairbanks at  907! 474-70g6 or the Marine Ad-
visory Program in Anchorage at  907! 274-969l for
spec ific information.

The historical way of growing oysters is to spread
them as seed on the oyster bed and grow them. Over
90 percent of the oysters on the West Coast are grown
this way. However, in Washington and California for
example, those who are currently getting into the busi-
ness generally must grow the oysters off the botrom sm e
only second and third class tidelands are available to
them. The first class or best tidelands with firm ground,
good for growing oysters or clams, are all in use or un-
available. Second class intertid«I tidelands are in many
cases marginal, with only small acreage now avtulable
for lease. Mostly third class tidelands are av«ilable for
lease to oyster farmers. but such tidelands generally are
soft or muddy bottom which will noi allow for bottom
culture where oysters can sink or get buried when iaid
on top of the substrate Thus prospects are f<ir off-hnnom
cuhure only.
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OtWhrNnst Cultttre

EffortS are nOW gOing mtO devC!Oping and/or reftn-
ing ncw methods of off-bottom culture. When we say
off-bottom wc are talking about structures that are used
ro hold oysters off the bottom for cultivation, Briefly,
the off-bortom culture techniques used along the West
Coast of United States are longline, stake, rack, floating
raft, aad pearl or lantern nct cultures. These are briefly
described as follows:

Lcm/flisre crdarrr system involves using mother shel!
 containing anached oyster seed! inserted between the
braided pofypropylene fibers and cinched tight on the
linc, spaced six to eight inches apart and grown inter-
tidafly  see bottom diagram of Figure 3!. Figure 4 shows
Pacific oysters grOWn in Japan by fang!I'ne flosting buoy
culture. This is hanging strmg of mother shell with seed
vertically in the water column a}oag the longline between
the buoys.

Sfrs/rr rrs/rrrre is another off-bottom technique where
seed on a mother shefl is attached to the end of a cedar
stake and inserted into the substrate on the beach  Figurc
5!.

Another stake method requires a I/8 in. diameter
gal Vantzed wtre wtth a pfast!C COffee can lid and plastIC

spacers ia between the mother shells as shown in Figure
6. The plastic lid serves to keep the wire stake from sink-
ing down into the mud. This culture method is used pri-
marily in Californi, and tried in Grays Harbor and
Wiffapa Bay in the stale of Washington.

Rack crdfure uses racks that are built on the inter-
tidtd zone with poles or 2x4 wooden  cedar! studs as
shown in the middle diagram of Figure 3. The mother
shells with oyster seed arc put on wires between spacers
in most cases  braided polyprupylene lines are also
used!. The rack is exposed during low tide, and the
oysters are grown off the bottom.

RaP-crsfasre is similar to floating longline culture.
The dtffcrence is using a floating raft to hang vertical
strings of oyaers as opposed to s series of oyster strings
along a line betweea floating buoys. If the oysters are
hung in the water column continuously, market-sized
oysters caa be grown from seed in usually less than 20
months in northwest ~aters; beyond 20 months they may
be too big. When Pacifllc oysters grow too fast, their
shells may become brittle or fragde. ln some cases, one
msy get around this problem by taking, the strings of
oysters off the raft and lsyiag them on the intertidal zone.
This will allow the oyster to bc exposed to air and the
shelf to grow thicker and heavier to retain water for
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longer periods. Also, the shell is made easier to open
by the shuckers.

I should mention off-bottom culture, in which the
oysters are grown continuously in the water column.
This is not a panacea, because of fouling probleins.
Figure 7 shows starfish ravaging the oysters on a linc.
Musseis can also attach to the strings as well as other
sedentary organisins that interfere with survival and
growth of oysters.

Peart nets and lartrerrt nets are hung in the water
column to grow the single oyster, The pyramid shaped
pearl nets are usually used to handle the younger and
smaller seed to juvenile or larger �5 cm! oysters before
being grown to market size in lamern nets.

Twenty-five years ago there were few restaurants
in the Northwest with an oyster bar selling the raw half-
shell oyster. Any of the finer restaurants now have oyster
bars because of people's acceptance of eating oysters
on the half shell as appetizers,

intertidal trays are used to grow the Pacific oysters
off-bottom, with regular sorting to separate the larger
and faster growing oysters from the slower growing
ones. The method utilized is taken from the French
technique using plastic trays as shown in Figure 8. This
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culture method is used to grow single oysters for the
raw half-shell trade.

It is very important to get a reliable source of seed.
The original source of Pacific oyster seed came froin
Japan. These same stocks adapted to growth and repro-
duction in two locations in Washington I Willapa Bay and
North Hood Canal! and one major location in British
Columbia  Pendrell Sound!. It is usually possible io
predict when the larvae will settle, metamorphose, and
attach io a substrate  cultch! material. Knowing this, the
oystermen would tow the shell cultch  in nylon inesh
bags! to seed catching locations and anchor io catch the
natural seed. This method has been superceded to a large
extent by remote seed setting of eyed larvae of Pacific
oysters from the hatchery. Further information on
remote setting will be provided next.

Over 85 percent of the Pacific oysters grown on the
West Coast come from hatcheries The oyster hatchery
at the right !<ication and with the right v aicr quality can
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Subrnerq tng from
dock

Anchor to bottom

Honqing from rack
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ptgurn 3. Ofr~otn ettkure ~s for tpnwiog pacific oysters an mother shell. Techmques from tap ta bottom are: suhinerging from dank,
nocttoted to bottottt. tvtnging from rack, end suspended on sotkes ttt tt longline system. Diagrams provided by Terry Nasho.

produce oyster  atvae. When the larvae have reached
the eyed stage  about 280 microns in size!, they are
filtered from the culture tank, Seven to eight million lar-
vae can be held in a gauze bag the size of a tennis ball.
The larvae can then be shipped in a stna I styrofoam
cooler � to g'C! to an oyster grower. ln the past the
hatchery has grown the larvae and sold the seed caught
on the shell at the hatchery facility. This is a major ex-
pense for the hatchery and proved uneconomical when
at times the seed could not be sold. With remote setting
the eyed larvae is shipped io the growers to catch the
oyster seed in their own tanks at the oyster farm. The
element of risk is taken by the oysterman who must catch
his own seed. Hatchenes such as Coast Oyster Hatchery
in Quilcene, Washington and %'htskey Creek Hatchery
in Oregon can economics! ly produce «11 the needed ey Ed
larvae for all oyster growers on the West Coast.

An example o! cement ianks for hanging the shell
cultch material for catching the eyed larvae is shown
in Figure 9. Another way to catch seed is to use clean
shell in nylon tnesh bags. These are carefully stackEd
in the tank with good aeration and the water raised to
the right temperature �0+- 'C! before the eyed larvae
are placed inside  Figure IO!.

An oysterman can generally, but not always, regu-
late the number of seed he wants to have settle on each
oyster she I in remote setting. Ten to twenty-five seeds
are ideal, but higher numbers can be expected, If the
average number of seed on the shell exceeds 75-100 the
grower norma! ly breaks the mother shell wi th seed 'mto
smaller pieces or waits until the oysters have grown a
year before breaking to ~mailer clusters.

There were 18 oyster farmers catching their own
seed via remote setting in 1983, Latest counts along the
Pacific coa~t including British Columbia show there are
over 60 farmers catching their own seed through this
technique. Seed catch from Pacific oysters is no longer
a problem for the West Coast.

Figure ll shows the importation of the Pacific
oyster seed from Japan imo Washington State, which
peaked about l 955-56. Each case is ectuiva!ent to 15,000
to 20.000 oyster seed on shell. After that the number
of ca~e~ of seed dropped, and 1977 was the last year
the Japanese shipped seed to us. The domestic Hood
Cana! catches of seed were prominent in 1964, ! 969,
and 1970, But it failed in 1975 and 1976, and the
shellfish growers began to realize that they would need
hatche-ries for a consistent s,upply of seed. When you
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Figure 4. Pacific iiy inert growing on a longline floating buoy cul urc
system in Japan. The stnngr, of mother shen with oyster seed arc hung
vert~cally in the water column along the longline between the buoys.

are in the business to produce oysters for sales, you can-
not afford to have a couple of years with no seed
a vailable,

Figure 11 also shows that 1977 and 1978 were the
years when the concept of remote setting started to take
hold. Remote setting has revolutionized seed produc-
tion for the West Coast with an estimate of over 80,000
cases of sthed now produced from this process in Wash-
ington State alone. Although not shown in Figure 11.
the 1986 figure is estimated as going over 100,000 cases.

We started genetic studies at the University of
Washington as a result of problems related to summer
Pacific oyster trtortalities. Throughout the 1960s and ear-
ly 1970s there were catastrophic summer mortalities in
select bays in Washington and CaIifornia. With U.S. Na-
tional Sea Grant support we began to monitor this
phenomenon and looked for the disease organism. In e

f th t dy, extensive histological exarmnation
of oyster tissues revealed no pathogen as causing e
morta! ity. It v as noted the Japanese had studied similar
summer mass mortalities in the 1950s in stime of the
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Figure 5. Stak» culture method. Mother shells wah seed parr lk Iiv ster i
arc attached tn thc end of thc cedar stake and maenad tnsi rhe urtwrrsrr
on thc beach, Diagram pmvided by Terry Nrrsho

Figurc' * Strkr o>'.turv iiieirnxi ui;ng vwi worse w ur ii
toffee can tiit uno plu ri ipsvc i: n '<i~res ihr ".; ini". -:
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Figaro 7. ~ ~ oo a string of oysters greco from s goat.
Note stargsh Which gseys tgton the oysocA aad natorally cattght tmtssel s
oti Ihc siting.

Figaro 8. httertfdal tray cnitnre of pacific oyster in Wtttapa Eky, Wattiington. quis Initial ts tntten ftvm the French culture tecttniqiic
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Figure 9. Cenien  tanks used for hanging the shell culich tnareriat for caichtng the eyml Pacific oyster lsrsac

ir tnr remote ~tin iit cicu Vs. itic i ic. 1 i- s.
Figure 10. C oy

Craned ster shells in nykns mesh hag pta~ in a tank in preparaiiiir. tnr remote ~ting it c c '
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P guin I l. Total canes nf Pacific seed fr<sin Japan for the Pacific coast; cases from Japan, planted io the state nt Washington; equivaicm cases
af satural aced pr<sduced in Hood Canal, Washington; and cquivalem cases using hatchery prnduced eyed larvae in Washington.

acus where the seed originated, but  hey were unable
to find «ly discase organism either, They did mention
that all the oysters thai died were hcavy with spawn in
tile warmer mon hs, and they concluded that the prob-
lem was tela cd to physiological stress.

We then star ed looking a  the rcpnxluctive physi-
alogy of thc animal which involved some breeding
studies in thc hatchery to determine if a resistant stock
of oysters could be developed to this summer rnortali-
ty, Wilh hrther testing it was found that the oysters that
survived the dic~ff had higher glycogen reserves;
glycogen is a stored catbohydra e resource Important for
suslaining ! ife. One <if my students, Dr. James Perdue,
was able tii sh<tw that m a time of high mortality, the
families of <systers with  he k!wevl glycogen reserves are
the ones m<sst susceptible to summer mortalities.

Pacific oysters are noted for high egg and sperm
production during the summer. Almost all the energy
they take in is shunted toward the production of eggs
and sperm, at the expense of simple living apparently.
We were able t<> relate the glycogen cycle Io the reprO-
duc ive cycle and concluded the need to breed i!yslers
thai have highet gtyc<sgen reserves in mij-summer when
reproduction was most active.

Success was attained in producmg oysters with
higher glycogen levels hut, as is often the case with
genetic studies, these oysters retained an undesirable
trait. They had good survival ra es. but they grew much
slower than the regular oysler. Thus, research is con-

tinning to produce a summer high glycogen snd fast
growing oyster.

fn the early phase of the University of Washington
mortality studies, mature oysters were brought into the
laboratory during the late spring and early summer.
These oysters were placed in a static water system with
20+ aC temperature water for testing. In l6-17 days,
70-80 percent mor ality was realized, especially if the
water received a nutrient additive  pep one, yeas , and
glucose additives!. The surviving adults were spawned
and we raised the progeny for further testing in the field.
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TRIPLOID OYSTERS
The four-season oyster, all-season oyster, or triploid

oyster is being prctduced commercially in the Northwest.
Triploid means that instead of two sets of chromosomes
there are three sets. Details on how to produce the
triploid oyster can be obtained from the Division of
A iuaeulture, School of Fisheries, University of Wash-
ington, Seattle, WA 98l 95.

Figure 1 2 shows a normal oyster and triploid oyster.
The normal oyster is creatn colored and full of spawn,
while the triploid oyster has little spawn. During sum-
mer the normal oysters are usually milky and full of eggs
or sperm. Esthetically, this is not pleasing for the
market. ln some cases, shipments are returned to the
pt sducer. Because of the cooler temperatures in Alaska.
the Pacific oyster should no  develop the heavy spawn
as in the state of Washington.



Figure 12 The Iefi is a nurtna! diploid oyster and the right ia a trtploid oyster. Rote that the normal diploid oyster is full nf spawti
while the triploid oyster has linle spawn. photo taken during the middle of the spawning season in July. by Stan Allen

SUMMARY

There is much activity taking place on the West
Coast of the United States now. The locus of attention
for innovative methods related to oyster culture has
swung from the East Coast to the West Coast. lVluch
of this has been due to the open-mindedness of the
oystermen on our coast and the desire to try new things.
Further, a combination of disastrous evenh on thc East
Coast related to disease and pollution of oysters has
created further appreciation for what is taking place with
the Pacific oysters. Production levels are beginning to
clinnb agam for our coast and one should be able to an-
ticipate the state of Alaska becoming involved in a
significant way in production soon.

It might be noted that prime lirst class tidelands are
not available for the entrepreneur who wants to get into
the oyster business for rhe state of Washington, We have
limited second and third class tidelands left and in
general. some of these are stil! good for bottom or off-
bottom cu!tivation of the Pacific oyster. Various tech-
niques for off-bottom cultivation have been discussed
and some of these techniques could be applied in rhe state
of Alaska.

One of the problems we have in Washington is the
perm!tting system. In Alaska you httve permit problems
too. but I would venture a guess that it is not as ex-
cruciating as down in Washington, Oregon, or Califor-
nia. Almost al! bays in the state of Washington have peo-
p!e living along the shoreline and there is a re!uctancc
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by many of these mhabitants to accept f!oating struc-
tures in front of' their property in the bay. Education is
the key to indicate to them thai certain types of aqua-
culture operations are compatible.

In Washington we are having some problems with
decertification of she!Wish beds because of pollution
Several bays thar have been producing oysters in the pasr
were taken out of production because of pollution. Your
problems in this area may not be as great yet, but this
is something that needs to be carefully looked at before
it happens.

Perhaps the most important point I can make as part
of my summary is that the Alaska oyster fishery needs
a hatchery system, whether ii is pnvate or state operated.
The hatcheries are here ro stay. I have heard sevend peo-
ple tell me they could not get Pacific oyster seed io grow
in Alaska. This scarcity of seed apparently relates to ord y
one source from the state of Washington which is al-
lowed to come in. Every effort should be made to either
c!ear other hatcheries in Oregon or Washington tn ship
seed up to Alaska or build your own hatchery system
to produce the eyed larvae for remote sening.

Fina! !y, I have given an abbreviated picture on some
of the various techniques for culture and research v ork
that we have been invo!ved with ai the University ol
Washington. Our studies are for the most part related
to the development of genetic strains for better growth
and survival traits, as well as triploid oysters. I hope
these comments are worthwhile for ytiu. and if you hai e
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any questions concerning any aspect of what I have said,
I would welcome a letter from you.

COMIi%PM'S ON WEST COAST
REGIONAL AQUACULTURE CENTER

As Brian paust mentioned, the concept of regional
aquaculture centers in the United States originated with
the Department of Agriculture, under the U,S, Farm
Bill. Regional centers are to be estab! ished to promote
research, development, and demonstration projects. The
five centers have now been established, and one is
located on the West Coast under the name of Western
Regional Aquaculture Consortium  WRAC!. The Ad-
rninistrative Center for WRAC, of which I am direc-
tor, is located at the University of Washington School
of Fisheries.

presently the five institutions mvolved in WRAC
are the University of Alaska, the University of Idaho,
Oregon State University, University of Calirornia at
Davis, and the University of Washington, hstitutions
from other western states will participate in the near
future.

One of the requirements for WRAC is that all fund-
ed research and extension projects must be regional and
cooperative between states. As an example, we are go-
ing to be funding an IHN project, which is a serious virus
disease in the salrnonid culture fisheries, and it will in-
volve Alaska, Oregon, Washington, and Idaho re-
searchers.

One method of developing a budget for this type
of project is the use of subcontracting. The funds from
the Department of Agriculture for each of the regional
centers goes to one institution in their region, such as
the WRAC Administrative Center at the University of
Washington, The University of Washington then has the
fiscal responsibility of contracting out to the units that
are handling the specific projects in other states.

We look at WRAC as a permanent entity. We are
starting out with $3.S million for all five centers this
frscal year, and we hope thai in the years tn come, the
funding will increase.

For you Alaskans, Dr, Ole Mathisen of the Univer-
sity of Alaska in Juneau is the person to contact if you

are interested in information on any ol the WRAC re-
search projects. He is on the WRAC Board of Directors.

COMMENTS ON SCALLOP CULTURE

There are a lot of decisions being made now con-
cerrung Alaskan scallop operations. These decisions are
going to help you a great deal in implementing some
type of culture in the future

One thing that I want to make you aware of is that
if we get scallop culture going, the eating habits of the
people of North America are going to have to change.
Right now most of us consider eating only the scallop
muscle, But those who are investigating the proJect
realize that unless we condition the people of North
America to eat the whole scallop rather than just the mus-
cle, it's going to be kind of tough, econotnically
speaking.

In China, scallops are eaten whole. I have just
returned from there, where I reviewed the progress of
one of the Chinese fisheries progr«nrs. In l 9821 helped
make arrangcrnenis io ship about ISO bay scallops from
Virginia to the Institute of Oceanography, Academia
Sinica in China. Ibcse East Coast scallops normally
grow close io shore. ro about 3 inches, and their life
cycle takes about 18 months. All of the lirst 150 died,
so I arranged to have another l50 shipped. Thc second
batch werc sinaller scallops from Connecticut, and 22
survived.

During my visit this past summer the Chinese made
a point of showing me what they had done with the sur-
viving scallops � a very impressive operation involving
an extensive longline culture system. They estimated thai
they were going to produce between 6,000 and 7,000
tons of bay scallops in 1987, all from those original 22
bay scallops.

I am well aware of the fact that imroducing exotic
species can lead to lots of problems. Canadians and
Alaskans might want to think about this more carefully
and weigh the prospects for safe introduction against
potential economic benefits. Alaskans wouldn't be able
to use all of the Chinese culture methods because of
regulations in Alaska. but the Chinese do have a suc-
cessful operation and much can be learned from them.



OVERVIEW OF AN OPERATING OYSTER HATCHERY

Jim Donaldson
Coast Oyster Company
Qoilcene, Washington

INTRODUCTION

SPECIES CULTURED

I'm going to concentrate primarily on what's hap-
pening inside the hatchery at the Coast Oyster Company.
We' ve been around the block a few times, starting in
the early 1940s, so we' re a well-established oyster com-
pany. ln fact, we have the largest hatchery in the world.
We have four remote setting sites: Quiicene; Willapa
Bay; southern Puget Sound; and Humboldt Bay, Cali-
fornia.

Our production, combined with one other hatchery
in Oregon, supplies 70 to 80 percent of all the oyster
needs on the West Coast, from Catifornia to British
Columbia,

Coast Oyster Company has approximately 20,000
acres of primarily intertidal oyster ground. Most of that
is owned. and some is leased  by subtidal lease! from
the Department of Natural Resources, We use only
2,500 to 3,000 acres of that, or l5 percent, to cultivate
and propagate our oysters, A lot of that ground could
be brought into production by using alternative methods,
but a good part of it is held for buffer.

The hatchery system started in 1974 to supply Pa-
cific oyster seed on a regular basis. At the time we
weren'  thinking about triploids, other species of oyster~,
or clams. We started the hatchery at Willapa Bay, Wash-
ington. Willapa Bay is, the main growing area on the
West Coast; approximately half the oysters on the West
Coast are grown there, An old cannery building located
there was handy to most of our growing grounds. This
was converted easily into our first hatchery building.

We operated there for about four years and didn' t
make a very good go of it, The first couple of years we
had virtually no production. The next couple of years
we did have some production, but it wasn't at the rate
we needed. Willapa Bay is very productive for algae,
which is not good for a hatchery. What is best for a
hatchery system is a very low productivity area, without
much algae bloom. In a high productivity area the situa-
tion can be uncontrolled and unstable, which often results
in poor larvae performance,

We' ve worked with many species over the years.
The Kumamoto oyster is one of our primary oysters.

Author's ~vtdress: Coast Oysv:r Cotitpany, p.O. 327, gvilcene,
wsshtngtoti 98376.
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lt was brought in from southern Japan in the l970s. We
started working with a few hundred individuals and this
year we produced over a billion eyed larvae. lt i> now
one of our primary species.

We also have crossbred the Kumamotn oyster,
which is subtropical, with the Pacific oyster. We wanted
to produce an individual with the summer oyster qualities
of the tropical oyster, to grow in the Northwest. In other
words, it would be fat and it wouldn't be soft. But the
resulting hybrid has a tremendous array of sizes, and
ihe product is not uniform enough to be marketable.

We also grow European Aat oysters commercially,
We imported them froin Maine, and they were origirutity
froni a stock grown in France.

We have produced Olyinpia oysters at the hatchery
in the past, but we found that we can't make money on
them. People will buy shucked Olympia oysters for $250
a gallon, which is too little for a profit for us.

We' ve grown Manila clams in a fairly sizab!e quan-
tity. Over the years we found an abundance of clam~
associated with our oyster beds, so we began harvesting
them. We are now looking at replenishing those sup-
plies which have been harvested and depleted. This last
year we planted approximately l0 million seed clam~.
We have worked with several other clams, including
quahogs, geoducks. native littlmecks, and rock scallops.
But for various reasons their production has been dis-
co minued.

Most recently, we' ve gone to Pacific oyster triploids
and Kumamoto triploids, which right now form the basis
for our production. We have mvested over a quarter of
a million dollars in the triploid research program to pro-
duce the Pacific triploid oyster. We' ve produced trip-
loids for about four years. The first two years we had
virtually no production; high mortality rates of the lar-
vae were common and the percentage of triploids was
extremely low.

Last year we made tremendous improveinents. We
were able to produa. almost 3 billion tnploids, with most
groups over 70 percent triploid, For Pacific oysters, nor-
mal spawning in a hatchery results in about 75 percent
survival of the larvae to 24 hours. With our triploids,
the first couple of years we had from 0 to 5 percent.
Last year we were in the l5 to 20 percent range for sur-
vival to 24 hours, and we expect our percentages of
trtploids to go higher as we refine our techniques.

We limit ourselves to four or five products. As a
commercial operation we don't find it profitable to raise
many different kinds of animals. The Pacific oyster,
Crussosrrea gigas, has formed the basis of our produc-
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tion over the years and it will corrtiirue to do so in the
future.

HATCHERY DEVELOPMENT

In 1978, we moved the hatchery from Wiflapa Bay
up to Quilcene. At that point there was a dramatic irn-
provement in our operation. Quilcene Bay supports the
slow growth of oysters, to market size. However, it has
a naturally ieptoducing wild population of Pacific oys-
ters. Even though the water is very warm  up to 20'
to 22'C in summer!, it is not very rich, There is not
much nutrient input and it is a very deep body of water;
tisis makes it ideal for a hatchery. When thc hatchery
was started there in 1978 it was very small, with two
tanks. We then expanded dramaticaliy Ior several years,
sometimes with a 25 to 50 tank expansion in a year. We
had a couple of billion larvae the first year, and we' re
now up to an annual production of 21 billion larvae total.
The majority of that is oysters.

Onc of the rearms that we set up the hatchery was
the inconsistent supply of oyster larvae. We had a good
supply of seed back in the 1950s and 1960s, with most
of this from Japan. Then it declined because the Japanese
started shipping seed to Ftance and prices in the U.S.
began to rise, We began getting seed from Dabob Bay
in Washington and Pcndteil Sound in British Columbia,
but this was inconsistent, The supply from all sources
was dechning, and the cost was going up, Only in a good
year could we get an ample supply of seed. A small oys-
ter comptmy, under 200 acres, can spread a small supply
of seed out over a couple of years. They put it into a
high intertidal arcs, grow it vbry slowly, and then plant
it the next year. But with a large oyster compariy that
method will not work.

West Coast hatchery production has gone up dra-
matically. especially this last year. Again, only two
hatcheries are invol ved. Irt 1986 we produced 12 billion
larvae and the other hatchery produced 4 to 5 billion,
for a total of 17 biflion. This year we' re at 21 billion
and the other hatchery is 5 billion; within the last year
we' ve gone almost entirely to remote setting af larvae
as a seed supply. We ve gone from 17 billion up to 26
biflion irt the past year. In the next three or four years
there will be an increase in production of harvestable
oysters in our company and in a lot of other companies.

FACILITIKS

Quilcene Bay is orr the west side of Puget Sound
and has a depth of about 500 feet, which is very deep.
Quilcene and Dabob bays are very productive natural
oyster reproducirig areas; most of the natural oyster catch
iri the state occurs there every year. There is a fairly
good set in the bay, but most people don't go after the
natural catch any more brause it is less expensive to
buy eyed larvae from hatcheries than to put shells out
for the natural catch.

Our hatchery facility is at the shallow errd of the
bay. We have 33 tanks outside the hatchery that are 10

feet in diameter and 4 feet deep. They serve as brood
stock tanks as well as setting tanks,

We have a research laboratory adjacent to the hatch-
ery production facility. We do research there on a smaII
scale, arid as soon as we find something that works we
immediately apply it to the large hatchery. We try to
move that research into production as quickly as pos-
sible.

GROWING ALGAE

We have a greenhouse where we grow our algae.
We had a lot to learn about algae when we were first
setting up the hatchery at the Willapa Bay site. Ão one
knew much about growing algae in 1974. We started
with a rapid-growth system that requires maximum light
penetration into the algae cultures. For this we use
translucent fiberglass tanks, with I �6-inch walls. The
system requires carbon dioxide, a water filter, and add-
ed rtutrients, It only takes a couple of days to grow a
700-liter cylinder of algae, That small amount is ade-
quate for a laboratory.

To increase the volume, diA'ereut methods nf light-
ing and water treatment are required. First we tried
fluorescent lights contained within a plastic sheath, arid
this was fairly good for growing algae rapidly. To in-
crease the growth rate even ruore, we put wall-to-waII
fluorescent lights above the tanks. But we fourtd that we
could fill the tanks only half way in order to get proper
light penetration down in them. Afler trying a lot of dif-
ferent systems, we found that the best was the high-
intensity discharge metal halide lamp suspended over
an open tank. We first tried it outside, because the hatch-
ery wasn't large enough to add a scaled-up algae system
at the time. The natural sunhght combined with the metal
halide lamps worked very well, We could grow lots of
alga» out there. But we had a problem with low
temperatures and insects in the tar.ks. So we covered
the system with a greenhouse. Now we are using
4,000-liter tanks, each with one lamp, as intermediate
growing vessels, and 18,000-liter tanks fitted with three
lamps each for final algae growout,

We pour a carboy of algae into a 4,000-liter tank
and it grows up to rnaxirtium density in about two days,
to a very dark, root beer color. Then it is transferred
into the I,000-!iter algae tanks, We introduce a I-liter
flask of algae 'mto our system and in eight days that liter
of algae gives us 10,000 gallons of algae ready to feed.

Most of that algae is pumped over into our oyster
growing systems. Some goes into the larvae system,
some goes into the brood stock, and most of it goes into
our seed. All of those systems are monitored for growth
rate and health to make sure that we are introducing suf-
ficient quantities of algae.

Recently. we' ve found that we can concentrate the
algae down until it's a heavy paste the consirtency of
toothpaste. With a cemri fuge we can concentrate 5,000
gallons of algae down to I quart that can be stored in
the refrigerator, Then we feed it into our tanks on de-
mand. It stays alive in our refrigerator for a couple of
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days, and is good for feeding for at least a couple of
weeks. We are working with some preservatives now
that could extend the shelf life for several months. Now
we can ship eyed larvae to different areas of the world
and provide the concentrated algae to feed them.

If we se!! someone !G inillion oysters, we supply
them with the equiva!en  of a 5,000-gallon tank full of
algae. Feed cost wil! be about $�0. That will keep the
oysters a!ive for four or five days. !t will ge  the oysters
set and grown up, and then the grower can pu  the seed
out in the bay and have very good survival.

GROWING LARVAE

Inside the hatchery we have 39 tanks for growing
!arvae. Most of these tanks are lO feet high and l4 feet
across. We grow larvae in all of these, and the !arvae
are all in different stages of development from egg stage
to setting size. For Pacific oysters it takes 20  o 21 days
 o reach setting size. In one of these tanks we grow from
50 to IOO million oyster larvae,

In order to grade the larvae, we first siphon them
out of the tank. Working with about 50 million larvae
at a time, we run them through a series of screen~ and
separate  hem into three or four groups. We often grade
several tanks at a time, and we end up with groups of
larvae that are fairly narrow in size range. Grading im-
proves growth rate.

Screening also allows us to eliminate the smaller,
slower-growing oysters, and to save the fas es  grow-
ing ones. If we want to do any genetic work on them
and screen out the 5 or !O percent fast growers, then
we can isolate those in separate groups.

SHIPPING LARVAE

Aqua Foods in British Columbia called us last sum-
mer and requested bundles of about 3.25 million lar-
vae, and we were able to send them exactly what they
wanted. We also se.nd whatever algae supplies people
request. And we' re consultants  oo; if somebody calls
up and says, "We want larvae, bu  what do we do with
 hem'" We help  hem ou  with that. We give them the
algae and divide the larvae into whatever quan ities they
want, to match their tank size, etc.

The larvae bundles can be shipped anywhere in the
world, as long as they are kept in moist paper towels,
and kept at 50'F in a cooler, They should not be kept
 oo cool, and if they are kept  oo warin they will spoil.
Niorrnally we package a shipment of larvae in a small
styrofoam ice chest and put some blue ice in it. I  can
be shippxl anywhere, as long as it reaches i s des ina-
 ion within 48 hours, Last year we made several
shipments to Japan and Korea in this form, and they had
good luck setting the larvae there.

SETTING SYSTEM

Once the larvae are received they are ready to sct.
They have been screened and graded; oys ers that are

ready to set have been separated from thc ones that
aren' t, When we screen 50  nil!ion larvae, we might get
5 or 10 million that are actually ready, and the others
are a day or two away. These can bc placed back in the
rearing system to bc drained and regraded another day.

We put the setting size larvae in an aerated tank with
shells, and by the next morning there will be loh of seed
there attached to the ~hells, If they' re good larvae,  hey
should se  within ! 2 hours in the summer season. Jf the
larvae take  wo or three days  o set, then they are not
ready and shou!d have been back in the larvae tank. We
like to set about 50 oysters per she!l,

Setting Enhanccrs

We use some tricks when we' re sening. We use se -
ting enhancers, such as L-dopa and epinephrine. L-dopa
is a neurotransmit er used to treat Parkinson's disease,
bu  oyster larvae also like it. It triggers their searching
behavior. When larvae have eye spots, they are ready
to settle down io the substrate. Each larva has a foot
at that time, and it begins  o crawl when it senles. L-
dopa s imula es the crawling behavior. We use L-dopa
for all of our setting, and we have done this for a cou-
ple of years.

Another drug that can be used is epinephrine, which
is a synthetic adrenalin. Epinephrine eliminates the
searching behavior, and causes the oyster !arvae  o
secre e cernen  and go into metamorphosis. The rcsul 
is single, unattached oysters. We normaHy use
epinephrine for clams, which do not produce permanen 
type cement as oy sters do, We get a high percem me a-
morphosis in clains when we use epinephrine.

Normally wc grow the larvae for  wo or three days
after setting during the summer months, and longer dur-
ing cooler times of the year, Our system is se  up wi h
heaters and aeration. We kmp the larvae warm and feed
them algae during that time, before we put them out in-
to the bay.

The bags of she!!s are then taken out of thc tanks
with cranes and tractors. They are put onto a Ooa  sys em
and towed ou  into the bay where they are kept in a
nursery system. We can un!oad a tank and load the fIoa s
up on a tide withou  any problem, and when the  idc
comes in we  ow the system ou .

Our systein uses all creoso ed logs. They u ere built
abou  ten years ago and so far we haven't had any prob-
lems with them. There hasn't been any rot. We ve re-
placed the styrofoam around the edges, hut that's abou 
al!.

SINGLE OYSTERS Avil! CLAMS

The other method I mentioned is  o set single oysters
or single clams. We treat the larvae with epinephrine
and set them in a system with seawatei Bowing up from
the bottom of the tank. We have abuu  an inch of water
over the subs ra e, which force>  hc oys er larvae ur
clams down to the substrate. For clams v,e use clean
washed sand for the subs ra e, and for oys eri ~c uw



ground oyster shell. Tire ground up oyster shell is graded
so that the shell particles are the same size as the oyster
hrvae, about 300 microns. An individual oyster ur ill at-
tach to a piece of ground up shell. ARer it is grown out,
the shells that are not sct arc screened out and we end
up with individual oysters.

The individual oysters or clams can be grown on
a tray for a month, but normally they'r» pur into the
upwcll system. In the upwell system wc concentrate the
seed. Wc siphon or pump water our of the tank. The
water fhws through thc bottom of the screen on its way
out of thc tank. The screen wiH then be 3 or 4 inches
deep with solid seed, several thousand to several hun-
dred thousand individual oyster or clam seed. This is
a very popular system in many hatcheries all over the
world.

The seed ls grown up to about 4 or 5 mill imeters,
and then it is put into a screen or tray ro continue to
grow. Thc seed docs not do very well beyond about 5
millimctcrs in an upwell system.

An alternative system that we usc for single oysters
is to sct thein on French pipes. These rh-inch PVC pipes
have about 3G snudl longitudinal striations or grooves.
When the oysters set, first they come in contact with
thc pipe and then they crawl along a groove and attach
themselves, We try to gct about 1,00G seed oysters at-
tached to each 1-meter pipe.

Wc treat thc plastic pipe before exposing it to the
oysters, Most plastic needs to bc aged for six months
before it i» used in any kind of system, lt nccds to be
leached. Ir should sit in salt water for at least two weeks,
and during, that time algae and bacteria build up on the
surfaCC, This way a more natural envirunment u created,
which the larvae respond lo positively.

ARer the pipes are sCt and have grown ro about '4
inch in the nursery. we brcak the bundles span and grow
them up on racks. Each pipe is laid horizontally across
ropes and strapped to them, about a foot off the bottom,
We get very good survival and very good growth rate
that way. French pipes ran also be grown suspended
below a floafing raft.

Before the oysters are marketed, they are stripped
off the pipes. They can be stripped off very easily when
they are about 3 inches long. They are pur on the bor-
rom and held there for about six months, and then they
are marketed.

French Bags

The method~ that we' re using experimentally, and
that many others in Washington have gone io recently,
is the French method of growing single oysters in bags.
biormal production is 100 oysters in each 2 x 3 foot bag,
We start out with about 800 oysters that are 5 to 6
miHimeters, They should be thinned three rr'mes. Thc
final thinniiig is done when they are about 2 to 2 '/r years
old yielding 100 oysters per bag.

Plastic Strips

Another system that is commonly used is similar
to the pipe, bur is a flat piece of plastic that has grooves
in it, This may be a much better system to grow single
oysters than the pipe system. Because of its flexibility,
when the oysters are about err inch we can twist it and
run a knife from one end to the other. One strip can yield
about 1,000 oyster seed.

SHELL STOCK PRODUCTION

Longline

Coast has recently begun using the longline method.
We put the bare ~hells on the rope before wc put any
seed on them. Then 100 feet of rope that has an oyster
shell every 6 inches is put into a bag, That bag is put
into our setting systems, We get a higher percent scr
when we space the shells on the rope than when we just
put the shells in the bag. With a longline system, the
advantage is morc than the high growth rate and the
quality of the product; the oysters are kept away from
predators. These roped seed shells can be grown
suspended from a raR or from string between poles on
a beach.

We have oyster drill problems in Quilcene Bay and
in many of the bays in Washington, Oysters that grow
on the bottom have a very high mortality rate from oyster
drills. Also, crabs get to them on the bonom. Crabs and
oyster drills are probably the rwo main predators of
oysters in Washington. We find that when wc get them
up off the bottom, we have a much higher survival rate.
For one shell with 50 oysters, normally we get 50 ro
75 percent survival. Our survival rate is so high that we
are decreasing the number that we put on each shell.

Quilcene Bay is not a productive growout area. Nor-
mally it takes 4 to 5 years to grow an oyster in Quilcene
Bay. If we put these same oyster longlines into Hum-
boldt Bay, we can do the same thing in about 18 months.
its disadvantage is the amount of labor involved in
farming.

Stake Culture

Stake culture results in very high survival rate. with
a good quality, very good flavor oyster. And it is essen-
tially free of predators.

Traditional Oyster Beds

Of course, the traditional way of growing oysters
is on an oyster bed. As Dr, Chew mentioned, 90 per-
cent of the oysters that are grown in Washington are
grown by this method. But many of the other methods
allow us to control the number of oysters on different
types of substrates. We can produce single oysters with
a hatchery. We can produce oysters that we could not
produce otherwise, such as Kumamotos anti triploids.
Thc traditional method is going to continue, but we th ink
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that by growing on longlines, or by using the French
bag method, we can make one or two acres of oyster-
growing plots two to three times more productive, and
produce a high quality product as well.

CONCLUSION

There are innovations that have occurred in hatchery
systems in the last couple of years. Remote setting has
been established over a 10 to 15 year period, and it is
a very reliable. method. Anyone can purchase eyed lar-
vae from a hatchery and have very good success.

A more recent innovation is the availability of algae
concentrate. Now growers don't have to raise their own

algae. And there are now seeing enhancers to improve
the setting.

And in the last year or two triploids have become
available. We' ve ~ the point now where we' re not
experimenting witll triploids any more; we' re doing it
commercially. Next year u.iploid production will be 20
to 25 percent of our overall production. This year it was
l 0 to l 5 percent, We wiH gather more information about
triploids as they begin to be harvested this year. Our
expectation al this time ts for a gradually increasing
percentage of our producnon over the next several years.
The next major endeavor m commercial shellfish
research probably will be genetic engineering. Perhaps
within a few years we will cinch up to the state of the
ari techniques in agriculture and livestock breeding
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DOII NIt.holSOD
Canoe Lagoon Oyster Co.

CoffmaII cove, Alaska

CULTURING OYSTERS

HISTORY

SITE SELECTION

I represent a rare and endangered species � the
Alaska oyster fartners. I believe my experiences with
growing oysters in Southeast Alaska are of value to
potential farmers, so I am relating some of them here.
Specifics about site selection, types of gear available,
etc., are listed in the Akrska Oysrer Grower 's Mrrruteil,
which is available from the Alaska Department of Com-
rnerce and Economic Development in Juneau.

Oyster farining in Alaska began in the early 1940s,
but thc harsh environmental conditions prevented im-
mediate success. In the early l970s, because of new
technology, some people in Wrangell had a wild idea
that they might be successful at growing oysters in
Alaska. The movement was spearheaded by Robin lars-
son. He started the legalization process for importing
the spat and culturing oysters in Alaska, and it took birn
six years. Now, thanks to his efforts, a permit can be
obtained in six months.

When I first looked at my site, I was faced with the
most critical decisions of the entire process of starting
an oyster farm. Unfortunately, these decisions came ai
a time when I had the least amount of knowledge and
experience. As Iconsidered the different variables, I saw
that the permit procedures required serious investiga-
tion. I learned about paralytic shellfish poisoning, or
PSP, and found out about the agencies involved in secur-
ing an oyster lease. It is important that the farmer has
navigable waters or anchorages, exammes competing
uses such as log storage or recreation, and finds out
about upland owners. It would be unfortunate io start
building a house and then have to leave because someone
from another state owns the property.

I also looked at the biological and physical aspects
I wanted in a site. The site should satisfy the require-
ments for the oyster, such as supplying the necessary
nutrients. The physical location and the sptxial features
about a site dictate what the biology is going to be and
how that wdl affect the oysters Therefore the biological
and physicalaspects cannot be separated.

I needed several supporting physical characteristics,
based on the type o f culture I was going to use: suitauitable

Author'x address: Canoe Lagoon Ocsrer Co.,o., P O. 777, Cofrrnan

Cove. Alaska 9995O.
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beaches for budding trays and drying structures. a site
for a home and storage buildings. access to logs, and
access to supplies and markets, After considering all
these details for about a year, I chose a site and began
to fmd out how to grow oysters.

The nurturing of oysters is called cuhuring. Thai
involves buying the seed and grovcing them to market
size. The successful culturing of oysters is a balance
among the sire, the selection of gear. and ihe operator.
The site provides thc basic needs of thc oyster. Thc gear
provides an artificial habitat. The farmer is the conduc-
tor and orchestraies how all these things w<irk together
to create a balance.

As I looked into kinds of gear and methods I wanted
to use to grow oysters, thc gal I had in mind was to
maximize the growth rate of the oysters. I found ihii
to be very important, because the longer it takes thc
oysters to mature to selling size, Ihe ntorc it costi.

We start with a large sp«t size. between 14 and 20
millimeters �0 millimctcrs is the legal size aflowed in
Alaska!. This reduces the handling time and mortality
at this stage in the oyster's life, which ii very impor.
tant. We try to time our plantings early in ihc ipring
and later in the summer. in order to miss the spawning
cycle of most of the fouling organisms.

The nursery gear we use for these plantings are 2
x 2 foot stacking trays that are 3 inches deep, and wc
stack the trays six deep in the water column  Figurc l !.
Each tray is stocked to a density of about 600 oysreri,
which is 3,600 per stack. In three to four wecki up to
six weeks, depending on the tempera ure ol the water.
the oyiiers are thinned to about 4tlt! pcr tray

After four to six weeks or a total of eight to icn
weeks from planting the oysters, which are shout l ss
inches in diameter, are sorted mto clean surtace tray»
Our trays arc % inch vexar attached between iwo logi
for flotation  Figure 2!, This is a crude method of grow-
ing oysters on the surface of thc water. The animals a 
this point have a density of approximately 3.000 per 0
lineal fectof tray space. Uiing thcie iigurei. i 'i cas>
lo lig are how manv trays are noix!ed hii' a certain iiuniher
of oysters, From this point on, during ihc growoui, our
job ii to keep the trays clean and flushed tli allow illa
oysters the cleanest cnvironnicnt possible Figure
shows one of our early experiineni with a gniccont icc h
nictue.

I' or our surtace true i v, c uic i w ii log
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Figure I Srackintt tturmry trays for oysters tn Southeast Alaska. u zh fotthng � the accumulation of tntertidal aad subtida! organtsmt. photobi iohn Church
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Figure 2. Beached surface trays for oysters in Southeast Alaska. The brrorn nicks provide protection fnim «ave acruiu «herr the rra>i
are in the water. Beaching pcncxlicaUy rs a way ol' contnslling fouling. Photo by 3ohn Church

Figure -ap3 F. rimcnting with gro«out systems in SrruSr theavi alaila Phnio bv l«hr.  ttur,h
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virttudfy nothing. The oysters are close to the surface
where most of the nutrients and the food is available
throughout the year. With the surface trays the oysters
will grow I2 months a year, except during extreme cold
spells, Sow gtowth in th» winter, a problem in other
areas, seems to bc counteracted by these surface trays.

It takes about eight months from the time of the last
thinsting to grow thc first harvestable product. When the
oy¹crs have been m the water 12 to I 8 months, we can
harvest about 20 to 30 percent of the oysters in each tray
 Figurc 4!, During harvesting, the fouling is removed,
misshapen oysters are sorted out, and those that are too
amsII are cleaned and placed into a clean surface tray
for further growth. Oysters sll grow at different rates,
Just Mse any other animal, and we find that by remov-
Ittg the large¹ oysters, we make morc room snd more
I|rod avaihsble for their smagcr brothers and sisters. This
helps them to grow ss quickly as possible.

FOULINC

Fouling control is a key process in the successful
cuitivatian of oysters, Here in Alaska our ~«ters are fair-
ly pristine, which tnesns that we have a very large ar-
ray of intertidal and subtidal organisms thai attach to
gear and oysters  Figure 5!. The control of this fouling
consumes 40 percent of the total energy and time re-
quired to grow oysters to market size. If fouhng is not
controlled, growth rates decrease.

Fouling will cause deform«non of the shell . We are
grxiwing primarily half-shcg oysters for our market and
the shape is important to th» consumer. As the fouling
lncieaaes, thc oysters conipetc for the food supply: the
Istssling can actusgy kill th» oysters by suffocation. Foul-
+ will reduce water circulation snd will cause de»truc-
tion of logs and other fbi«ting gear.

To etntrot fouling, we have learned to beach gear
st some time during the grow ing season, such ss before
spring or afier summer  see Figure 2!. We also have
surplus gear on hand if wc need it to help control foul-
ing. An<<ther method of von rot of fouling is that we pick
the barnacles and mussels and the other types of sub-
ridal fouling oft'the iiysters every time we handle them.
I csn'r stress enough the importance of controlling the
fouling. We'vc f<iund that as long ss the fouling is
removed bef<>rc the fouling organtsms reach sexual
insturity. we csn keep sonic controf over it.

HARVESTRVG

The oysters that are planted in April or Iviay have
the fastest growth By the following April or Ivfay after
dteir second successive growing season, we begin to har-
vest the first oysiers in that crop. These oysters weigh
about 2 pounds per d<izen; they arc fat, healthy oysters

PRKPARI!4G OYSTERS FOR MARKET
Before a l armer can sell oysters, a shellfish proces-

sor's pcrmii must be obtained from rhe Department ot

Environmental Conservation.
The next step is to prepare the oysters for market.

This consists of hardening them, which is to strengthen
the adductor muscles lo keep the shell closed. To ac-
complish this, we place thc oysters within the mtertidal
zone. This procedure increases the shelf life.

Before any oyster can be sold in Alaska, testing for
PSP is required. Before PSP testing we remove a batch
of oysters from the water. In order to keep the oysters
cool, or to keep them from freezing, we store them in
a refrigerator, We shuck six l00-gram samples of oyster
meat and then send them to the testing lab in P«lmer,
Alaska. for PSP testing. This procedure takes a
minimum of three days if everything goes right � if the
Anat planes fly and the jets make it through to their
destination.

Once the meat is tested and found to have less than
60 micrograms of poison per l00-grain sample, then the
lot is released for sale. The lot is the batch of oysters
that has been removed from the water. At that point,
we box the oysters, label thetn, and send theni on their
way.

Right rtow it costs us about 35 cents per oyster to
produce and market. That isa very high figure. The cost
is high because we still have many logistics and prob-
lems to work out. We haven't started producing on a
scale yet that will allow that price to come down, but
we are selling them for 50 cents apiece right now, which
does help overcome those costs.

So Iar our customers are very pleased with our prod-
ucl. The oysters are plump and fat, They have u very
sweet taste and are comparable with oysters grown any-
where in the world.

PROBLEMS

Our oysters do lend to have somewhat brittle shells.
Possibly more hand weighing or beaching I'or a period
of time would alleviate that problem.

Last suminer we experienced what is called sum-
mer die-off. It was devastating. %'e hadn't experienced
anything like it before. It was a dry, hot summer. with
surface temperatures of 70 for several days in July. This
crested a stress condition in the oysterr. Several factors
were involved in this stress condition:

I . The oysters were probably getting excited about
spawning. Spawning produces psychological prob-
lems and the oysters may have become upset. If
they had spawned it would probably be the first
time in Alaska in recent historic times.

Another explanation has just come up during this
conference: It is possible that we had a terrific
bloom of algae early in the spring, and the oysters
grew exceptionally fast and had very high glyco-
gen counts. As the water warmed up, their ineta-
bolism rate continued to increase, Meanwhile the
food supply began to drop off, which often hap-
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Figure 4. Sorting aud harvesuag oysJers fruin heached surface ira»n ~uJJieasJ Alaska Phoio b~ John C JiurcJi



svah hcavy mussel scr, m Sourhcasr Alaska. Phora by john Osureh.
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pens in the summer when the nutrients get used
up by all the organisms.

We sent some oyster samples to the Division of
Fisheries Rehabi!itation Enhancement and Development
Iab  FRED! in Juneau, to Ted !Vleyers, and he was very
helpful. He was quick about sending results back. He
said the oysters were stressed, I did a bit of research
so that I now understand more about what causes the
stress and the summer die-off.

We really appreciate rhc concern and effort ex-
pressed by the FRED division. It's a very comforting
feeling to know that we have all this expertise in the state
that is backing us, and any time we need help or infor-
mation, they are there, This was a good example of how
risky this business of sea farming is.

It seems that in raising oysters there is an r.nusual-
ly high number of variables involved in their survival.
But no matter how much research is conducted, the pro-
ductivity of the farmed oyster will be determr'ned by how
well the farmer can key into the oyster's needs. And this
princip!e applies in looking for a site as well as marketing
the oysters, It's very important to try to understand the
oyster's requirements to survive.

CHANGES FOR THE FUTURE

Our current Alaska oyster business is just the tip
of the iceberg. What I foresee in the near future is that
the oyster industry will really take off in Southeast
A!aska,

Getting a farm going takes a long time; there are
many things that have to be worked out in detail. We
can't necessarily take information from British Cnlurn-
bia and Washington and apply it directly to our condi-
tions herc in Alaska, I foresee problems with the per-
mit and regulation structures. Without interactions be-
tween farmers and state agencies, the industry may never
become viable or profitable. We need to streamline the
procedures tn get our state permits, which would make
the industry look viable and feasible for making a prof-
it. Right now, an oyster farmer doesn't have a very se-
cure feeling about the tidelands permit or the shore
facilities. I;nti! this situation is improved, the industry
is just going to stagger along,

In the near future.  inancial assistance is not neccs-
sar ily what we need to give us a boost. What wo uld real-
ly assist us are policies thar would safeguard not on!y
a healthy environment for people in Alaska, but also a
healthy envirorunent for growing oysters. If oysters have
a healthy environment, then that means the rest of the
environment is doing okay.

We need to know what tbe carrying capacities are
of each site. We need to establish with the Department
of hlatura! Resources criteria defining a minimum  or
maximum! size oyster farm. There have been problems
in other areas of the world that have too many animals
growing in small bodies of water. One of the results ot
these conditions was an increase in PSP. And that we
don't need at all.

One aspect of creating a sensible market climate in
Southeast is that we need to work with the Department
of Environmental Conservation  DEC! to regulate and
conduct testing for PSP. We need to streamline the
testing so that it is more compatible with the marketing
requirements of the oysters, We have looked at how
nther states conduct their tests and we think that with
more data, and more oysters being sold, we will be able
to make recommendations. The DEC has been very co-
operative and supportive all through the process. We
feel they should stress the importance of conducting PSP
tests to anyone who thinks they want to grow oysters.
Before p!anting a single oyster, a farmer should be sure
that the area does not have the potential for the PSP
organisms, Just one PSP incident and a business is inst
for a !ong period of time. We saw this happen «ith
salmon.
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QUESTIONS AND ANSWERS

Q. Have you experienced a problem wirb oysters
milking during the summer? Do you have mar-
keting prob!eros like the Washington oyster farm-
ers have' ?

A.  Mr. Nicho!son! No. we didn'r get ro that poinr
with the oysters. They were producing gonads, but
the meat still had a firm texture. A yellowish mass
was beginning to form, and if the water continued
in the 70' range, we would have had mi lkshakes.

Q. What was the incidence of PSP, or have you had
any that stopped sales".

A,  Mr. x!icho!son! No, we have not had any prob-
lems v ith any sales being ca!!ed back. If the test
shows more than 60 micrograms, then its consi-
dered a positive test and that means you can 't sell
your oysters. We have always had very !ow PSP
readings in the oysters, even though sites nearby
have shown PSP amounts well above the mrnurrum
level al!owed. We also test other shellfish � mus-
sels and clams. It takes a certain mechanism to re-
lease the PSP cyst that lives in the mud, and in
the calm waters near our oyster site we don't have
rhose conditions. We did have one count of 58 this
fall, which is the highest v'e've ever had.

Q. Jim Donaldson, can you talk more about whv voo
gave up on track sca!!ops and what you think the
outlook is for that species' !

A.  Mr. Donaldson! Rock scallops definitely have
some potentia!. The reason v e gave up rin them
was that we had trouble v ith gauri ideal of thc .ccd
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atter it was set, We had no trouble growing the
larvae, but we had a great deal of trouble alter that
stage. Wc were working with a lot of different
species at the time so we just decided to abandon
lhe. ruck scallop. Thc important thing is that once
you have the hatchery system and you have the
tanks and you have the algae supply, you have
what it takes to grow moBusks, Basically all the
systems arc similar. Herc are just subtle dif-
fcrcncc, and most of these have to do with
management, the way you grow the different
SPCCICS,

We have the advantage that the Alaskan oysters
don't becornc sexually mature during thc sumner.
At what point might we expect to have significant
competition from the triploid oysters?
 Mr. Donaldson> We have grown some triploid
oysters to market size. but there aren't significant
quantities in the marketplace, With the 3 billion
oysters that we produced this year, we expect to
have large quantities in three years and we' ll be
gearing up. Next year, we' ll have some and the
year after we' ll have siginifeant quantities. I'd say
wC're about three yearS away frOm very large
quantities. The preliminary results of the tests with
the triploids look very good for the growout. The
market quality looks every bit as gosxl as what
we'vc seen before.
What are the cells pcr milliliter in your algae?
 Mr. Dotuddson! In any of those culture systems,
whether its a carboy, a 1,000 gallon tank. or a
5,000 galkm tank, dcnsit'es ate around 3 million
cells pcr milhlitcr maximum,
What spec tea arc those?
Hutt's lor 71tnfossiosira pseudonona  clone 3H!,
CJsactoeeros culci trans, and Skirronema sp. All
lhmc of them arc about the sane. You can grow
them much denser. but wc'vc found that it adds
a few more days to your growth and if you add
a Few more days, you need morc tanks and you
need more floor space.

Q, How ate we going to compCte in thc market if
we'rc selling oysters for 50 cents apiece?
 Mr. Dunaldsonl For the last couple of years
we' ve been able to produce lots ol' oysters and sell
every one without an> problems. The vast majority
oF the oysters that we produce are sold on the East
Coast. The oyster growers m Washington and
Oregon supply inost of the market~ on the West
Coast.

The decline of the Chesapeake Bay fishery
wiII definitely continue. while the decline of the
Gulf of Mexico fishery may be turning around.
Supply and demand goes in cycles. hut there' s stiil
s lol of demand out there.

What is the oyster price now?
We haven't set that yet. Most of these triploids
will be marketed in July, August, and September.
Triploid oysters that are grown and harvested ftnm
October through June aren't much different from
reguhr oysters. There's no point in selling a prod-
uct that we have put a lot of money into for the
same price as a Pacific oyster.
But right now it looks like in Alaska we'rc going
to have to coinpete in this market. It appears that
wc're going to have to concentrate on staying here
rather than concentrate on selling in other areas.
 Dr. Chew! There i's one thing I'd like to men-
tion, and that is that I get, on the average, about
one call a month from people in the Midwest. Ap-
parently the business of half-shell oysters is real-
ly picking up, I know growers here have been try-
ing to get into that inarkct, and there 's a big inarkct
out there in Iowa, Wisconsin, Chicago, aII through
this area, So I send them over to Coast Oyster
Company or some of the other farmers.
I would like to ask Jim Donaldson, since Coast
Oyster is kind of controlling the eyed larvae
market, what kind of price schedule do you
antic i pale?
 Ivir. Donaldson! The price for eyed larvae right
now is $100 per intllion I don't expect that to
change significantly. The price for the algae con-
centrate that I showed you is $12.50 pcr 100
grams. You can grow a million larvae for three
or four days with 100 grams of algae, and get some
good seed out of it. It would cost you $112.50.
a reasonable deal. So if you consider the cost of
producing your own eyed larvae and then success-
fully setting them, you' re going to spend a lot
more money compared to just purchasing them.

We' ve gone through 13 years of a hatchery
system and any new hatchery that starts up is
piobably looking at three to four years of settle-out
period.

Alaska growers have experienced quite a high
variation in the growth rates of the seed they gct
from down south. What about adapting a few
generations of oysters to the Alaska conditions to
get a more uniform product?
You could possibly do that over several genera-
tions if your desired traits were heritable. You
would select thc fastest growing oysters from the
group grown in colder waters. I wouldn't com-
rnit myself' to say that we' ll do that at this point,
but it's certainly possible,
I'm wondering about the viability of Whiskey
Creek? Are they still in business?
The last I beard they were still in busines~.
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Italy
Predators

The state of Washington has a testing program that re-
quires srttnples every two weeks from April through Oc-
tober. If there is any sign of toxin, the testing is increased
to every week. The curoff for harvesting is a count of
gO micrograms per l00-gram sample. The samples are
delivered to thc state laboratory in Seattle and the results
are ready usually the same afternoon, For this service
ow mussel cmnptmy pays $ l2S per year.

Prior to I 978, the stale published a paper that said
paralytic shellfish poisoning  PSPj was not a problem
in Puget Sound east of Dungencss Spit, near Port An-
geles. In that same year a random sample from Penn
Cove Musscls came up with a count of 325 micrograms,
shutting us dovrn. Iltuncdiatc follow-up samples showed
7SO micrograms. Shortly aAer that, I ate three small
musscls bclicving thcrc must be some mistake. Within
I '6 bows, my lips and tongue were numb. By 2A hours
my teeth feh like they were floating and my fingertips
were numb, Shortly after that the sensation was gone.
Extrapolating, we figured that the count on the mussels
that I had eaten was about 2,000 micrograms, Dr.
Richard NIL, who came down from Alaska as an ex-
pert, had seen courrts as high as 5,000. TTre count at Penn
Cove got up to 22,000. It was six months before the toxin
got low enough for the state to permit penn Cove
Mussels to harvest.

If you build in an apcn area with a Iot of tidal
change, think well on your anchoring system, Until I 982
our rath were held by onc anchor on each end. During
the hcavy tides of June a damaged anchor linc broke
while wc were next to il, That extra strain caused thc
other line to fail also. As we watched, the raft drifted
onto another raft downstream and thc entire mass went
out into the pass. A local dragger could not move the
mass against the tide ~use of thc stuI effect of the
hundreds of mussel lines below the rafts. A tug took I 6
hours to get the raAs back into Penn Cave. Those rafls
now have three anchors upstream and two downstream,

Predaiors thar cause a serious problem are seater
ducks. Scoters take advantage of a free lunch, and on
rhe West Cnasr mussel farmers provide it, The scoters
dive as deep as the mussels grow and they will swallow
mussels as big as 2 inche~. Once they find the mussels,
they will come in ever increasing nunibers. The Aiiforrtr
used hy eastern fruit farmers proved effective for only
three days and was irritating to the people living near-
by. The same sound pumped through a transducer was
expensive and no more effective. When we used a pro-
pane cannnn, also used by frun farmers, the sheriff came
out afrer four shots. The only reasonable system that we

were able to come up with was to shoot with a 22 r2 rifle
du ' g dte periods the crew wasn't working. A few c~rln

shots would frighten the flock ou«i««pc
thc farm and another shot every 20 to 30 minut s wo
keep them there. After a couple of days we could ~
a fcw days off, as they were conditioned to stay away-
Unfo~ly some I~ residents b lieve ihgwe ~

killing ducks and they persuaded the cou'uy
authorities to stop our shooting. This has been a ~non
problem for longlines, but we can put nets around thc
rafts to keep the scoters out. The mesh is just smaner
than the ducks, is visible, and goes to the depth of the
lines.

ltrIUSSEL CULTURE IN OTHER PI,ACES

On of the benefits ofhaving a business is that wee
can justify trips to see how the other guys are doing i .
Spam was a good place for us ro find out if the idea was
practical for Washington. In 1974, Spanish growers had
rafts made from anything that would fioat, from old
wooden ships with grids to the grids on small oil tanks.
Today, they build large fiberglass systems that cost up
to S l00,000 each. The mussels are grown as they are
here, but are harvested at a much larger size. The seed
are attached by bandaging them to the line with a rayon
gauze that dissolves within a few weeks. They harvest
an entire raft of rnussels at one time. The lines are pulled
from the water by means of a balancing basket. This
basket is lowered on two lines, the mussel Ime is
centered over it, and the basket is raised collecting the
mussel hnc as it comes up. Without the basket the
mussels would not have the strength to hang on as they
come out of the water. In water, they weigh I/4 to li'5
their weight on land.

Mussels tturt are to be sold fresh must be depurated-
This is done by holding them for 24 hours in tanks of
water that has been sterilized by chlorine and ultraviolet
light, Once depuratcd, they are packed in yellow bags
to signify their purity.

Ivlussels are- primarily raised in two areas of Italy,
Chioggia, which is south of Venice, and Trieste, which
is near the Yugoslavian border, At Chioggia the waters
are shallow and the tidal change small. Mussel grow-
ing lines there are hung from wires stretched between
wooden racks driven into the bottom. At the time of first
thinning the seed clumps are pur into a net tube that has
a mesh small enough to hold clumps but large enough
for individual mussels to migrate out. As they migrate
out they essentially turn the tube into a rope. This thin-
ning takes place two or three times, each time wnh a
larger mesh, At Trieste the growers ga through the same
thinning process as at Chioggia, but longlines are used
instead of racks.



As in Spain, the Italians produce s large tnussel,
Unlike Spain, which exports mussels, Italy doesn' t pro-
duce enough even for their own use.

At the southern tip of Korea, mussels are longlined
below glass or plastic float~ in an area that has been
declared a national water park. This park designation
is rigidly guarded to protect the U,S. Department of
Agriculture's approval of the products that are raised
there, since a large part of the harvest is shipped to the
United States. The majority of the canned smoked
mussels sold in the U,S. are Korean. The rnussels as
they grow have very few fouling organisms on them.
They appear the same as ours except that the meats tend
to be orange rather than white. The raRs in that area
are suppotted by styrofoam cylinders with fitted nylon
covers. It is itnperative that the styrofoam be protected
with a cover to keep it from eroding away.

France

tsiiorthcastern Ilntted States

The majority of the mussets harvested fr«m Rhtide
island to Maine arc dredged, but s fcw companies use
longlines. Blue Gold Seafoods was established near
N rt, Rhode Island. as the third or fourth musselNewport,culturing operation in thc United States. Blue &%I found
thai in spite of being welt funded they had a unique prob-
lem that made marketutg their hinglmed mussets atrrui t

biotically inside thc shell. The crabs were in about W

mussel, but they were a turn-off on thc market When
consumers ste the mussels, they g<it a crunch instead
of the soft texture they expected This wss unappett~
ing to them. uethc Bt Gotd was thus forced intii the drcdtt
ing business even iugdi<iugh they hsd hundreds iil thriusands
of pounds <if unusable cultured priiduc t A ihantte i aiiie
a few vears ago v hen an adman oftc eif 'red to sel! the iut

Holland

France has the most unique method of raising mus-
sels. The majority come from the North Brittany coast
where the tidal fiats go out for miles. At low tide a raR
would squash the crop and at high tide the rough seas
would destroy the system. Their method is to raise thc
crop intertidally on poles called bouchots, These are
made of oak and are driven about 4 feet into the sand.
Seed is collected on natural fiber ropes stretched on low
racks in the so-called pare.

The seeded rope is cut to length and tacked in a
spiral to the bouchot. As the seed grows it migrates frntn
the rope to the wood, eventualiy covering it where the
mussels grow to maturity. All work is done on foot when
the tide is out, or from small boats as it comes in, At
full tide the facilities are not visible. The pare that I
visited had l 1,000 bouchots. In spite of large produc-
tion, France itnports mussels from Spain, Holland, and
Ireland. I was very impressed to see fleets of mussel
trucks delivermg mussels in Brussels where they were
the feature itetn in restaurants.

In Hogand musse!s are dredged from the muddy
bottom of northern inland ~s where they have set, As
the mussels are picked up they ingest si t at silt that must be

purg ore eed bef th y are saleable. To accomplish this the

west that have firmer bottoms. Tracts for harvesting and
all ted b the government. From these

Alisholdin areas the mussels are harvested as needed. i
bi bus~, wl p'th roduct being moved in semi truck

do harvesting I'ro th d of
h t this is to prevent sale ofs, Holland shuts wn

ne. I assume l arod ct but it atso permits thc
nend to n

'rable s awny p u u
ftshermsrs-fartrter time to ane o
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harvesting. Ttus system, on a atttallcr scale, is bang used
on thc northeast coast of the United States.

Mussel farming in New ~ is entirely by long-
ltl. The mussel is not hfytiltss erlttlis, as in other ptscca
that I visited, but Perno ctsrsttlirtdtts. the green lipped
mussel, Pcrns grows rapidly and to a large sue. While
it is good. it is Just not lhc same as our blue bay mussel.
New Zealand is another place that processes most of its
product. Much is either frozen on the half shell or as
meats, Some is pickled or smoked. A limited amtwnt
is air freighted out fresh. Ncw 7~ has t~ Japan
as a market, even though thc Japanese tradit totudty tusvc
not eaten musscls. This was aniornptished by mBtng the
product perna or ktwt clams.

The annual producuon tn New I<stand is targe. and
fartning, harvesting. processing, and asks have alt he.
come specialized operations, lt hss progressed beyond
our stage of having one company do the whtite openttitin.

Prince Edvtard lshsnd, Canada

While Prince FMward Islanders longtinc ntussets in
a conventional wsy, their harvesting in winter ts rntist
unconventional. Just prior to freezing of the bays. the
longlincs are sunk to just below the surface by shorten
ing anchor line~ to the floats. This continues to keep the
mussels suspended above the bottom hut protects the
float from being carried away with the icc. To harvest.
a diver is sent down to cul the longline ttitisc fmm thc
anchors. It is then winched thmugh the hole in the ice
with a tractor or some other dev ke, and the rnusscl tines
arc removed and trucked ui a pnicessing plant iin shore
This industry thai began a few years agii as a cii
operative of a few farmers is now s giant corporation
of many farmers. and is a rnalor cciinomic factor in
British Cotumbt».



heed oysters, His artistic advertisement in trade jour-
nah showed Ihe twin catch, s cooked mussel with a small
chowder crab. The ad implied that the consumer would
be f rtutatte to fmd one of these delicacies, as only l0
patcetu of the musseis had them. The ad was s success
and the ctup was sold.

QUBSTlONS AND ANSWERS

Q, Do you think new permits will be issued in your
atua in the future'!

A. At present there are two more years to go on a
thttss year moratorium on aquaculture in Island
Couaty, Washington. Uphtnd owners are organ-
ized again' having anything intrude on their
views. They promote a fear of the unknown, At
present the heat is on the salmon farmers. One
thmg that we potnt out is that rather than upset-
ting the local ecology, aquaculture csn enhance
it. A raft of mussels is rather like an upside-down
help bod. lt is full of other growing things such
as acidians, anemones, shrimp, crabs, little fish,
and the htrger fiish that prey on them,

g. What is the shelf life of your product?
A. One thhtg to remember about shellfish, and mus-

snbt in pi~, is that they are not like wine-
they don't unptove with age. They should be eaten
aa soon as possible, All the time they are out of
the water they sre living and generahng waste.

Therefore we deliver to most markets two tilnes
a week.

Q, What size do you sell your musse]s?
A. We say that 2-3 inches is jvst about right.

Customers want something that they can take in
one bite. lt's sweeter at that size. Also, why let
the mussel s grow for two years if they can be sold
in one?

Q. Apparently there are some mass mortalities in
mussel farms in British Columbia, Have you had
a problem with that?

A, Fll teU you about mass mortalities. The first year
that we saw the effects of El Sino we Inst about
80 percent of the mature crop. The next two years
we lost about 95 percent. That is 80 and 95 per-
cent of the crop remaining, hegmning around July.
Surprisingly. the seed grew remarkably fast.
Those years we started harvesting 2-inch mussels
in six months.

Q. How warm was the water at that time?
A. Maybe it was a half degree warmer than norntal.

No one knows, we didn't have any baseline data,
l don't think that anyone really knows the causes.

Q. Where do you get your net tubes?
A. Initially we bought them from haly, Later, we

bought them from a Maryland sales representative.
Now we buy From Ralph Schley of Xorplex, inc.,
Kent, Washington. He will make most any kind
of extruded net product that we want.



MUSSEL AQUACULTURE IN ALASKA

JameS E. Hemming
Otter Sea Farms

AnChOrage, AlaSka

Sheller

Salinity

Mussel culture is not new. It began more than 750
years ago in France when an Irish sailor put a fish irap
made of wooden poles on the tide flats. Instead of fish,
he caught blue mussels when spat settled in great abun-
dance on his poles, Mussels proved to be an easily ob-
tainable food source in France and the Irishman's dis-
covery eventually led to a culture system called the
bouchot system, which is still in use in France,

Blue rnussels are grown in Washington on Puget
Sound.. They are also grown commercially along the
New England coast, and on oil rigs in the Santa Bar-
bara channel of southern California. Each of these areas
has chronic water quality problems,

Alaska has innumerable fiords and protected bays
with excellent water quality that should provide suitable
sites for sheMsh culture, With good planning, technical
support, «nd protective regulations, Alaska could easi-
ly become the mariculture center of North America.

Blue mussels are filter feeders, which collect food
by straining microscopic organisms from the water they
live in, ln the wild, musseis oc.cur in the interndal zone,
where they are uncovered part of each day by the tide.
This means that they can feed only about half of each
day. Because they must filter algae and plankton from
the water, they do best in areas with relatively strong
currents and good circulation. Wdd mussets grow ski wly
in intertktaI zones because they can feed only during high
tide. Cultured mussels reach commercial size in 12 to
18 months, whereas wild mussels may require five years
or more to reach an equivalent size. If you compare wild
versus raft-grown rnussels of the same shell length, you
will find that the raft-grownmusselsyield40to 50per-
cent more meat than their wild cousins, i,e., they are
fatter,Wild mussels attach themselves to rocks and old
shell debris on the bottom where they are constantly
scoiir y saed b sand and gravel moved by tidal currents, If

e form
san grantsd rains become embedded in soft tissues, they orm
tiny pear s or gri1 't that are unpalatable to patrons of fme
restaurants. e use. Th use of raft or !ongline culture systems
keeps mussels off the bottom, which reduces the hazard
of pearl development, and in the water column where
they can feed and grow continuously.

Qurhor's arktie55' I'Orte Sea Farms, 6740 Rraradrree Dr.. ~C.,
Alaska 99516.
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CONSIDERATIONS FOR STARTING
A BLVK MUSS@I. FARM

The attributes, for an ideal mussel farm include.
I . Protection from weather.
2. Excellent wat! r quality.
3, An abundant supply of food organisms and nutri.

cnts in the water a>lumn.
4, lce-free conditions.
5. Limited human scnlemcnt or development lrnmi-

mum poflution!,
6. Abundant wild musscls for seed stock.
7. Low incidence of paralyuc shellfirh poisoning

 PSP!,

A suitable site must have some protection from sea-
sonal storms that may cause damage and make harvesting
impossible, Sturdy rails and longline systenis can he used
in bays that are not facing directly into the open vca
lt is important to define the worst possible wave condi-
tions for the sne under considcraiavn before making final
decisions to establish a sea farm. On ihc morc exp ised
sites, longline systems inay prove ihe most practical

A minimum depth of 8 to 10 fathoms is required
for raft or longline systems, because net tubes conuiin-
ing young musseL¹ are usuafly 10 to 20 feet in length
and the dropper lines must be kept off the Iautom io
avoid predation from starfish. There also is an advan-
tage io establishing raft or longline systems in areas with
water depths greater than those normally used by feeding

d ks: deep water sites would significantly reduce
h Ourthe risk of sea duck predauon on young mussc s r

system is anchored at a depth of 20 fathoms.

The best type of bonom for holding moonngs rs firm
mud or clay. Sand bottoms can also be used but may
require uryiburying anchors with diver assistance

Blue mussels can exisi in Minities as tow av t pans
per thousand  ppt! but wit! grow v'et'I in va!ionic«>f 'I
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ppt or greater. At our site, summer salinities averaged
26.6 ppt at thc surface and 24,5 ppt at IO feet below
the surface. Ocean water is usually considered to be 35
ppt.

CMussels survive in temperatures ranging from 4
to 80'F  -20 to 27 C!, Mussel growth rates will in-
crease as temperature increases up to about 68 ' �0'C!
provided that sufficient food is available. Temperatures
at our location m Halibut Cove Lagoon range between
344F and 55'F  near 0' to 12.5 C!. Summer
temperatures averaged 53'F  J I.6'C!.

It is important to select sites that are free of in-
dustriaJ or sewage pollution, Sewage poliution can be
remedied by using depunmon, but this is costly. Depura-
tion is thc process of moving live mussels from the har-
vest site to tanks sxxuaining sterilized seawater, and hold-
ing them them until they are free of coliform bacteria
and chenicd pollutants. It is necessary ta depurate com-
me reudly harvested mussel s and clams from many loca-
tions on the East Coast, and it is a common practice in
Europe. In Alaslta, we have a great advantage over other
locations because most areas are still pollution-free,
Alaska regulations require that water samples be taken
several times a year from sheHfish growing areas,
Watet' Exchange and Currents

Tidal action and circulation should be adequate to
replenish foad orgaiiusms and to keep the water we JJ oxyg-
enatedd and ta dilute toxic products released by the shell-
fish themselves. Most sites with moderate currents are
suitable for growing musscls except those at the heads
of bays where currents may be very slow and where food
availability may be limited, lf longline systems are used
m areas with very strong currents it may be difficult ta
work the lines.

Mussels feed on runoff I'rom land as well as on the
microscopic piants and animals that occur naturdiy in
ihe water column. The best feeding conditions are usual-
ly found adjacent io steep-sided fiords, and poorer con-
ditions occur adjacent  o JIat or law-lying coastlincs.

ln many parts of the world. commercial-sized
musseis � ~f: to 2 inches in Jengrh! can bc produced
within 18 months from spat fail, except in places where
salinity is so low that it binders feeding. At aur site,
niussels reach commercial size in appraximateiy 12
months.

lvlussel farm sites should bc selected close to good
natural populations of wild mussels, where wild seed
can be collected or spat cagectors can be used.. Another
option would be to purchase spat froin a cominercial or
state-operated hatchery. There seems la be good potcii-
tial for economic production of spat for purchase by
shellfish growers ar facilities such as Sheldon Jack~
College in Sitka. I think all of the shelifish growers in
Alaska would welcome a hatchery and it would probably
pay for itseJf.

This includes competitor organisms such as bar-
nacles, tube wortns, sea squirts, and kelp. Thc presence
of fouling organisms results in higher maintenance costs.
if the affect the appearance of rnussels, they may result

nntin lowered market value, However, the presence of p an
materials such as kelp increase the organic rnatter avail-
able for mussel feeding. In some parts of the world. kelp
culture is an integral part of mussel culture, Finfish
farmers and oyster farmers would probably consider
mussels vermin. They are one of the chief fouling
organisms for various types of three-dimensianaJ aqua-
culture.

Common scaters and other sea ducks feed heavily
on blue inussels. If they discover a inussel farm, speciaJ
remedies such as scarecrows or protective netting will
be required around the rafts, As mentioned earlier, we
found that by setting aur rafts in parts of the fiard where
our anchors are at depths much greater than the no rmaJ
feeding range of sea ducks, we have no problem with
predatian. It is important to understand the natural
feeding patterns of sea ducks in a potential sea farm site,
so feeding areas can be avoided, If predators discover
the rafts, it probably will be necessary to hang nets
around raft boundaries. This will increase the level of
maintenance labor required to regularly clean fouiing
organisms from the netting.

Suspended mussel culture minimizes infection by
parasites such as pea crabs and red worms  red worms
are actually copepods!. It also avoids production of
pearl-like particles in the flesh, which are often found
in wild inu ssels as a reaction to both sarid bombardment
and trematode worm infections. Another problem re-
quiring special attention is related ta paralytic sheJJ fish
poisoning. This problem is caused by plankton blooms
nsade up of toxic organisms that are ingested by the
mussels. The mussels become dangerous to humans for
se verai days or weeks, As a result, it is required by per-mit to test each shipment of blue musseJs before they
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can be approved for commercial sale. In selecting sites,
it also is important to collect background information
on natural levels of PSP in hanl-shell clams, cockles,
and rnussels to be sure that the site is free of problems.
At present, the only PSP testing facility is the state
laboratory in Palmer. Because of its location, it is time
consuming and sometimes costly to obtain test results
in a titnely manner. Meanwhile, harvested sheflfish must
be held out of water and artificially chifled. Increased
facilities at more convenient locations on the coast would
ensure delivery of higher quality product and reduce
costs.

Use Conflicts

In selecting a site, careful attention must be paid
to other users of the area. These may include commer-
cial fishing operations, gear storage, recreational traf-
fic areas, etc. Such use patterns may not always be ob-
vious and it is important to check with local fislierman
and residents before finalizing site selection. As a
shellfish grower in Maine puts it, "Musseling in at the
expense of traditional communities can only lead to hos-
tility."

We also have learned that mussel farming is com-
patible with special upland classifications such as state
parks and witderstess areas because both parks and shell-
fish farins have a long-term interest in maintaining very
high quality water. Usually this is assured only by
restricting upland development and settlement. For ex-
ample, our operation is within park waters m Iruschemak
Bay State Park and requires a special land use permit
from the State Division of Parks rather than the usual
Land and Water Resources Division permit from the
Departmerit of Natural Resources, Consider the long-
term use potential of your site carefully before making
a capital investrnenl.

Access

Shellfish farms shoukf be located close to good com-
inercial transportation. Site feasibility assessments
should include the cost of transporting products to mar-
ket and the distance froin reliable road or air transpor-
tation,

Once a suitable site has been found, permits and
be obtained. An Alaska business license

lease, wateris the first step, followed by a tidelands ease,
.oastal management consistencyquahty certification, coa

determination, Corps of Kngineers Section l0 permit
for structures in navigable waters, Cotntmreial Fisheries
Entry Commission peitnit, a shucker-shipper permn
from the Department of Environmental Conseivstttin.
and stion a shellfish farm permit fmm the Alaska De-
partment of Fish and Game  ADFAGI. If the sea fartner
plans to do anything beyond harvesting and shtpptN live
mussels to market, other permits may be required as
welk

At present. it is possible to apply for a shellfish farm
permit at any location on the coast. However, there has
been no planmng by the state to idennfy areas that are
both sonable for shellfish culture and have minimum
conflicts with other users. Because of this, we are see-
ing a flood oF applicatiuns for sheflfish farms in the mall
lagoon where our farm is located because petiple dr n't
kllow where else to go. There will probably bc serious
conflicts at our site in the very near future.

Before we go much farther with regulations and per
mits for other species. thc state shoukl do a coastal sur
vey to identify areas thta are suitaMe for marK'ill lure and
that do not have serious c onHicts with other users fhiv
is not difficult to do and wiuldnol be very expensive

Once a survey is done, areas should bc zoned for
mariculture so new business can have the tong term sup
port needed to assure financing as well ss the pinential
for successful farm operation.

The farm regulations prtiposed hy AI!pgiG niay al
so create problems, because they would restrict pernias
to those of us with prior eitperience in sca farming Vhi~
would be good for me hut niit for newcomers

There is no specified time limit im hlygkU pcr
mits or provisions for removal o t facilities such ai ra tt s
or longlines v hcn a permit is dropped This rtieanv a
flaky operator could abandon his «ystent. leaving inc
state with the liability for cleaning up the ntcsv By hav
ing a vet permit period requiring perttidtc reviews and
b placing the liability for removal of facilities v ilh theyp h
pe imirm ttee, we would sce the development of a muc
more responsible mariculture industry

Draft regulations also seem to mis finflsh culture
with shellfish cuhure, and I don t think thc shellfish
l'arrners want their permits tied to thc tad of saliiuin
farmers or vice versa. Tltere needs to be a clear defini.
tion of what is meant by shellfish.

Reguhtuons also neccl io require that cultured shell
seed, ks not endctnic to Alaska bc certified

disease-free before they arc introduced tous A as
waters, We don'i want to he shia down because v.unetase
brings in diseased spat.If we are going to start a new industry. we need
to do it nghl to assure success



LITTLENECK CLAM AQUACULTURE IN
THE PACIFIC NORTHWEST

Kenneth K. Chew

University of Washington
Seattle, Washington

INTRODUC TION

Early records show the Japanese enhancing clam
culture by putting bamboo or brush on the intertidal zone
to break up the currents to form eddies. This causes the
larvae to get concentrated into current pockets for set-
tletnenl. In fact, the Japanese are still domg this to en-
courage clam set.

Before we get into details about how the littleneck
clam is cultured in Washington, as we!l as how it might
be cultured in southeastern Alaska, I should mention
some of the other species that are being cultured in the
Pacific Northwest,

A variety of colnmercial and recreational clams are
sought in the Puget Sound region, and several of these
species also occur in southeastern Alaska. A few of these
are cockles  Clirrrscardiism rturatlii!, native littleneck
 Venerupis sraminea!, butter  Sazidomus giganreus!, and
horse  Tresus sp.! clams. For several years hatchery
spawning and culture attempts on the native and butter
clam species were made. Thus far there has been no
success.

Three Washington species of clams spawned in the
hatchery with moderate to good success are the razor
 Siliqaa patala!, geoduck  Pariope gerserosa! and the
Manila  Vertersspis japoiiica! clams. These will be
discussed individually with more extensive discussions
on the Manila clatn.

SPECIES CIJLTURKD IN WASHIa GTON

JIazor Clam. Until recently, the razor clam was
spawned and the larvae developed to metatnorphosis
 settlement! by the Washington Department of Fisheries,
The hatchery was developed to cultivate the larv ae and
subsequently the juveniles in the nursery system to a size
for planting. This came as a result of declining popula-
tions an the beaches and it was felt something should
be done. The hatchery is now closed.

6eodttck Clam. The geoduck culture is quite suc-
cessful now, Through funds to the Washington Depart-
ment of Natural Resources from leases of geoduck
tracks, money is fed back into the Fisheries Depsirtment

Anchor's nctdress: Division of Aqoncotnue, School of Fisherses,
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for operating a hatchery to produce the juvenile clams
for planting on commercial and recreation beds, More
information can be obtained from the Washington De-
partlnent of Fisheries Shellfish Laboratory in Brinnon
about this successful prograin.

tifaaita lirrlerieck Clam. The Manila or Japanese lil.
tleneck clam  Figure I! was an accidental introduction
when Pacific or Japanese oyster seed  Crassosrrea gigcaci
was shipped from Japan. Thus many areas of Hrnish Co-
lumbia, Washington, Oregon, and California now have
naturally producing stocks ol'Manilas. The small clams
were senled on old mother shells with oyster ared «hen
shipped to the United States.

As shown in Figure 2, the Manila claln is having
a major impact on commercial clam harvest in Wash-
ington State. h started out slowly in the l950s and has
built to a production level of over four million pounds
by l 966, The native littleneck clain production dropped
below the Manila clam in the muf-l970s.

Aside from commercial harvest of the geoduck
clam, Manila clam production has taken over the other
hard clam species. There are perhaps several reason~
for this. First, il was consumer acceptance of the darker
color of the shell, Second, the shelf life of thc Manila
clam appears to be slightly better than the common nauve
littleneck clam. Third, people have begun to develop a
taste for the Manila clam, although at first they though 
it was a much stronger flavor than the native littleneck
species. These are only presented as my own impres-
sions.

In Puget Sound, Washington, clam growers have
in the past used the Japanese technique for enhancing
the settlement of littleneck clams by staking brush in the
intertidal area where natural sets could be caught. This
was not found to be a reliable way to catch seed.

Some beades thar have historically praducxd good
quantities of native littleneck or Manila clams have
dropped m production. One could speculate at length
on reasons why this happens. Over-harvesting is one
possible reason. Lack of seed set is another. Once the
pelagic egg is fertilized, it takes two to three ~eeks for
larval development in the water column before settle-
ment. The source of sel may be adult populations two
or three miles up the bay, Thus, if the adult population
is over-harvested or meets with a maJnr moruility. lar-
vae from this population which normall> are uv ad@hie
will be gone. This appiies nut only to Manila - lums bui
 o all clam species.
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CIJLTURE METHODS

The fi~ describes rhe experimental techniques
tested to enhance Manila clam culture in Puget Sound
by the University of Washington School of Fisheries be-
tween 1970 and 1982:

Raking. One of the fvst studies conducted was rak-
ing the intertidal ground and planting the Manila clam
seed Hatchery seed of 4 ro 6 mm was used. One week
after raking and planring. none of the planted clams
coukl be found. Fram diving observations, it was dis-
covered thar as soon as rhe clam seed was planted, fish
swam onto the plamed hed and preyed on the seed, even
«ugh they were dug in. Rakirrg the heach served ro
re!ease od<>~ thar attracted the fish.

Pianring without ffalring. !slexr, seed was planted in-
to the gravel without raking. There was some success.
but clam recovery was very Iow. Appareiitly the clam
seed could move out of rhe planted plot. Fish predarion
was also a problem on open plots.

Graveling. The Washingron Srare Department of
Fisheries  WDF! has experimented with graveling rhe
each to attract clams, Some beaches have a tendency
a get muddy, so in several areas WDF rested the pros-
pect of graveling. They did this severaI years ago.

primari!y to attract Manila clams. This rnethrrd has been
used successfully in the past ro attract natural sets of
native littleneck clams. Hatchery seed Manila clams can
also be planted on newly graveled beaches,

!Vetting. All of the previous methods described have
had moderate or poor success compared ro some type
ol'netting. One of the most promising type of netting
was. '4 in, mesh Vexar cnr cover, a type of netting used
on fruit trees to keep away birds. When laying the car
cover, a trench is dug along the perimeter of the net-
ting. We lay rhe netting down on the beach, and we stake
it in the middle and ar thc edges  in the trench!. Gravel
is dien pushed back over rhe edge of the netting to assist
in holding ir in place

Clam seeds are usually planted on the incoming tide.
If they are 2 to 4 millimeter size clams, planting densi-
ty  by scattering! is 800 per square tneter. But if they
are 10 millimeters we plant 400 to 500. Results show
that if 2 to 4 millimeter clams are planted at a density
of 1,000 to 1,500 per square meter, the recovery rate
after one year will aJinosr be the saine as if we had
pianted about 800 per square meter.

It is important to be able to distinguish planted clai
froin the natural se  when experiments are conducted-
The WDF has developed a method of air drying the seed
clams and spraying them Iighfly with flame red fluores-
cent surveyor's paint. Spraying too heavdy causes the
clam shells to stick together. The rechnique is ro spray
a thin coadng on the seed, allow to dry 30 seconds, shift
them around and spray again. When these sprayed paint-
ed clams are harvested later, they can be distinguished
from the natural set. Even aller a couple of years, when
they are approximately 2 inches long, a black uhraviolet
light will pick up the tiniest fleck of paint st the hinge
or urnbone area.

Planting marked clam seed with paint provided a
separation between hatchery and natural stocks of Manila
clams on the beach. Best results observed using car cove.r
netting was 70 to 80 percent recovery of planted clams.
In comparison, six months after planting painted clams
in the operi plots without car cover, very low or zero
recovery was noted.

Sand and gravel inside a car cover plot will build
up over a period of a few months, The dynamics of a
beach is such that sand and gravel shifts constantly,
depending on current flow, storms, etc. Gravel keeps
falling between the mesh of the netting, and the bed starts
to build up like a tabletop. The net gets tight, hut it is
flexible as the sand and gravel fills. When the netting
is puged off, the clams ate near the surface of the
substrate and in many cases, only a rake is needed to
harvest,

CLAM CUI-TI!RK IX FRANCE

France is moving quickly into Manila clam cuhure
now because of the demand. About 10 years ago b fore
they went into cuhure of this species, they were re
que sung 10,000 to 20,000 poullds of steamer clatns from
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Washington State to be shipped air freight to France,
The requests were given to clam growers, and at the time
they did not have enough clams among thein to fiH the
orders they already had. Since then, growers in France
started developing techniques for planting clams on their
own beaches, Culture has expanded to Spain.

One of the techmques the French use involves a
plastic mesh tray that is completely enclosed by mesh.
With a shovel they dig a rectangular shaped indentation
about 2 inches deep in the intertidal zone. They set the
tray into the indentation with small seed clams on the
insicle  seed larger than mesh size of basket!. Aatural
movement uf the substrate w ill cause the sand and gravel
to work through the mesh into ~. These same trays
are now being tried in southern puget Sound.

According to Jim Donaldson, the French growers
are also using a special netting technique. They pui the
netting in a row on the beach just wide enough so the
wheels of a street sweeper will run along the edges and
not disturb the center, They plant the seed in the center
under the net, and periodicaHy roil the specialized street
sweeper over the planted netting and sweep the netting
clear of algae and debris. The use of a street sweeper
as part of a clam operation is an unusual idea.



b cxpenilnssd with several ~ues to culture
' ated one of the best ways tO COunter

the tnno» snail wtN to use double Vexar car cover net-
Whb a bulhhtzcr he pushes several mches of gravei

og his beach, and puts down one layer of netting. He
ths» pushes tbe gravel back on top and rakes and levels
h OIf- ghee be puts another layer of netting o" top of

the MCNla chm seed. Apparently
this wgl heep the larger moon sruul from getting into
the ~ chms.

f44 Rock sole  Lcpihysetsg biiirreaar!, pile perch
 gfirtcocItgir wrccst!, aad several other species of fish
gsed on hIaaila clams. Tbe worst time for fish preda-
tice is right after the phmting of seed. Although dug in,
tbe scads are very near the ~ where they are easy
prey.

Chde, Under Vexar car cover netting, in studies
we asndtamsd, tbc ted rock crab  Gsncer prrsakicrus> can
gsad n» thc dame and grow to a size where they cannot
gat alit Of 'lhC iiCttnlg,

Nnfs, Scotcr ducks  hfelaniau sp.! are known to
swalkns dame whole. Using the Vexar netting can deter
thc ducks' CIert to prey on the clams.

SUIICMVtY

It is obvious that the potential for a grower is great
bccattae the ~ for dams is great for the West Coast
of the IJnisad States. I get ~ reguhrly from
southtsm CaliRttnia � from has Angeles to San Diego,
That market bat mcresued at least 500 percent over what
h was even five years ago. This is partly because the
htrge Asiaa segment of the population is very fond of
ManIa chas. I have passed on the requests to local clam
growers in Washington, but often the growers cannot
~ uppiy aII the dams that are requested.

Iatrodachtg thc Manila clam to Alaska may be dif-
ftcuk, because it woukl be a aew species for the regula-
tors to make a decision on. The native litdeneck cbun
wotdd hc a good onc io lry, but the seed simply is not
avaihiblc If you plan to go into clam culture of little-
necks, it would have to be tbe Manilas, because of the
avaihrbllity of juvenile seed clams.

The technique for growing ihe Manila clam seed

is not complicat d, provided you have the right mt r-
tidal beach conditions and water quality. I think south-
eastern Alaska can support Manila clams if they are
allowed in.

The hlanila clam harvest in the state of Washington
alone is around 5 million pounds now, Our growers in
Puget Sound, Willapa Bay, and Grays Harbor estimate
that in two or three years their production wig be close
to 7 to 8 million pounds.

QUESTIONS ANIJ ANSWERS

Q, Do you thmk the Manda clams would spawn nat-
urally up here?

A. I don t think it s warm enough. I heard someone
here menbon Pacific oysters gettmg ripe and that s
the first time I heard of that. In Puget Sou:nd thc
14fanila clam only spawns once, at the last part of
July. In Japan, they spawn twice because of the
warm temperature, Here in Alaska I don't know
if it gets warm enough for even one spawning.

Q. Do the larvae require the warm water to survive?
A. Yes,

Q. Is there any aquaculture going on with Manila
clams?

A. In a sense there is. Manila clam seed is being pro-
duced in hatcheries and sold to clam growers for
phnting into their beaches for growout. This is
a type of extensive culture. Intensive type culture
where the clam is watched over or cared for con-
tinuously is dificult, A grower in Willapa Bay has
tried this with a flow-through system, but he is
not in business anymore. Also the open-tray
system has been tried near Olympia. The Ivianila
clam is the only clam I know of that can grow to
market size in a tray without any gravel to keep
the shell closed. The butter clam, the native lit-
tleneck, and most other species of clam will not
grow out of thc sand or substrate. One of the prob-
lems with growing Manila clams oui of gravel or
trays is that barnacles and other organisms grow
on the shell, and the clams therefore are not as
appealing.



ABALONE AQUACULTURE ON THE PACIFIC COAST
AND ITS APPLICABILITY TO ALASKA

Guy Whyte
Pacific Trident Maliculture Ltd.

Victoria, British ColUIIIbia

CVLTVRI!tilG ABALONE

Pacific Trident has been in the abalone business
since 1964. We have been culturing abalone for the last
seven years, with the first five of those seven years main-
ly in research. We have been doing well the last two
years, building an inventory up to a satisfactory level.
The techniques that we have developed would adapt to
A!aska as well. Halt'oris komrscha karra is the local
British Columbia species of abalone; it is the same one
that occurs in the kelp beds up here in Alaska.

ln 1977 Bri ish Columbia produced close to a mil-
lion pounds of abalone. Since 1983, we' ve been on an
equal quota system of 104,000 pounds. The 26 licensed
harvesters get 4,000 pounds apiece. It's interesting to
note that if we could harvest at the l977-78 levels, it
would be an $8 million industry, But right now it's an
$800,000 industry. Our harvesting size for native
abalone in British Columbia is 4 inches. We get 43 to
45 percent edih!e meat out of the aba!one. Abalone is
the mos  expensive shellfish in British Columbia.

At our sea water lab we have a spawning area. Our
conditioning tanks have 25 ro 30 wild harvest animals
in thetn, with artificial light, It takes about a month to
mature the adults and induce  hem to spawn and fertilize
the eggs, We usc  he spawning method developed by
Dr, Morse at the Scripps lnsti ute in San Diego. We
separate the ma!es from the females. Three hours  p!us
or minus � minutes! after we add the animals to the
chemicai mixture containing hydrogen peroxide, they
start to spawn. A fernale abalone between 3.5 anti 4
inches will release between 3 and 5 million eggs. We
try  o save about 2 million eggs,

Isles  we put a layer of eggs into a smal! container
that holds about 200,000 eggs, The water level is about
2 inches up from the bottom, We pour in a concentra-
tion of sperm and let it sit for two minutes. And then
we fit! the container with ultraviolet-treated seawater that
is filtered down to 5 microns. The eggs settle to the bot-
tom and then we decant rhe water off and fi!l it back
up again. We do this four or five times, to rinse the ex-
cess sperm from the egg.

Our !arvae culture and hatchout system involves put-
ting the fertilized eggs in buckets with a very fine f!ow

Aitthnr's addresS: paeine Tndent titara attrtre Ltd., 1 10 View Royal
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of water over the top of the bucket. The water flow,
which is through a smal! air tube, doesn't disturb  he
bottom section where the eggs are !ying. When the !ar-
va hatches it is attracted to the !ight and swims to the
surface. There it is caught up in the current and f!ows
into small chambers.

Ours is a very good system-we ge  80 percent re-
covery compared to the 20 to 25 percent we used to ger .
We average about 60,000 larvae in each of rhe little
chambers. W» have a 40 micron screen in the bottom,
The larvae are removed from the chambers on a dai!y
basis, the chambers are sterilized, and the healthy !ar-
vae are separated from the poor ones,

About eight days aAer spawning, the larvae are
ready to settle. During that time we are growing diatoms
for fee i for the newly sett!ed larvae. The Japanese
system for growing diatoms uses a small  ! 6 inch square!
corrugated polyvinyl chloride IPVC! plate. We pur �
of these plates in a container and then while the larvae
are going through their development stage, we' re gmw-
ing diatoms on the plates. Direct sunlight causes very
good diatom growth. I  takes about 8 days. We' ve gor
i  coordinated so the diatonis are grown at about the sante
time as settlement,

We put about 300 of the PVC diatom plates in our
senlement tanks. in a horizonral position, We ger 1,500
to 2,000 larvae to the plate. We mix them up ro have
them evenly distributed. Sometimes we usc gamma-
amino butyric acid  GABA! to induce settling. We'se
gotten away from that by relying on mucus from I-year-
old juveniles to attract the !arvae to the plates. Those
juveniles are actually working for us in the settlement
tank. Abalone are nocturnal after the metamorphosis,
so at night they come out and eat the diatom s on  he PVC
plates. In about three days ! -year-old juveniles can graze
aplatc down; they ear off the first layer ofdiarorns The
second diatom growth is a sma!!, very stab!e la> er that' s
suitable for the larvae to feed on. The juveniles leave
a mucous trail on the plate, and rhat mucus helps ro at-
tract the larvae. It works our very well,

The plates sit in the horizorital position for 3 days
and then we stack them up in a ver ica! position. They
stay in senlement tanks for about a week, after which
they are placed rn outdoor raceways. The abalone are
two to three weeks of age v hen they are put into the
outdoor raceways.

The abalone sta> in the intermediate growisot area
for one year. During their growour time the abalone feed



ms; we rear benthic diatoms con-
m,~ly for food. After a year, we feed the abalone
blah benthic diatoms and kelp for the firial growout,

two years We feed the abalone twice a
week- with fresh kelp The sun that shines in the tank
sets diatom growth, and we also feed them kelp, There-
fore they get a good mixture of diet. The entire culture
thnc is three years, with a growth rate ol'approximate-
ly % inch pcr year.

Wc have eight raceways. There are four lower ones
and four upper ones, 60 feet long. We shade them from
direct sunlight to keep the diatom growth down. On a
daily basis we have to inspect the plates to make sure
there arc enough but not too many diatom. In the winter
we have artificial lighting.

There is very little oxygen transfer in the water, so
we aerate, We exchange the water once every 2 to 2'5
hours. That keeps thc oxygen level up in the tank itself.
We also usc thc aeration mechanism to keep the water
agitated, so there are no dead spots in the tank.

Nornudty abalixM have a blue shell. The shell is blue
with continued diatom feeding and green with kelp feed-
ing, When we put the abalone in the growout baskets
wc add some chopped Ncreocysris kelp for them to feed
on, After about two months of eating kelp they turn an
emerald green. This emerald green stays true in our

hatchery abalone providing we give them kelp. We can
switch between kelp and diatoms and actually change
the color as we want to by the feed itself. The abalone
we market are einerald green, and are about 2% inches,
They go about 12 to 14 to the pound, although we sell
them by the individual. We transport them live.

We had a lot of trouble the first five years of our
enterprise, and we have tried various inethods for cultur-
ing abaione. We have tried a system developed at Morro
Bay, California, using concrete raceways and we like
that very much. Right now we' re building 50 concrete
raceways for our 1-year-old abalone.

JAPANESE METHODS

In Japan, inost of the hatcheries are owned and
operated by the govemrnent. They grow abalone for one
or two years and then they sell them to thc fishermen's
cooperatives. The fishermen then transplant them to the
seabed. In Japan, a lot of small abalone are available
from the Japanese producers.

The Japanese pay quite a high price for abalone in
a sushi bar, or sauteed in butter in a restaurant. They
are very, very delicious, The American delicacy is the
fried abalone steak.



OVKRVEEW OF SASLEFISH MARICULTURE
AND ITS POTENTIAL FOR INDUSTRY

Gordon A. MCFarlane and Warren D. Nagata
Department of Fisheries and Oceans

Nanaimo, British ColUIIIbia

I NTRODL'CTION

MATERIALS AND METHODS

Study Design

Sablefish or blackcod  Artop&poma ftrrsbria Pallas!
range around the entire North Pacific Ocean, from north-
ern Mexico to the Gulf of Alaska and the A}eutian
Islands, and along the continental shelf of the Bering
Sea to the coasts of Siberia, Kamchatka, and northern
Japan. The largest concentrations in North American
waters occur in the Gulf of Alaska, between Queen
Charlotte Sound, British Columbia and the Shumigan
Islands, Alaska, Adult sablefish are abundant along the
entire coast of British Columbia in depths exceeding 200
m. Consistently high commercia} catches are taken at
depths exceeding 600 m  McFarlane and Beamish 1983!.

Sab}cfish spawn from January to March along the
continental slope at depths exceeding 300 m, Maximum
spawning activity occurs in early February  Mason et
a}. 1983!, Mean length and age at 50 percent maturity
were estimated at 5&.3 cm and 5.2 y for females, aiid
52.8 cm and 4.& y for males.

Full utilization of sablefish stocks by the Canadian
domestic fleet  annual catch stabilized at approxirnate-
ly 4,000 tons!, and increasing demand in Japan and
North America for a quality product have stimulated in-
terest in developing a sablefish inariculture industry. The
potentia} for such an industry was first identified by Ken-
nedy �972, 1974!.

Preliminary efforts at sablefish culture were based
on short-term growout operations using impounded sec-
ond year juveniles from wild stocks. However, both the
population dynamics of sablefish and the economic fea-
sibility of }ive capture and transport prec}ude this ss a
means of establishing a mariculture operation.

Research to date has indicated that sab}cfish are
amenable to culture in terms of hardiness and food con-
version efficiency, Nevertheless, to achieve viable com-
merciall production, further information on other aspects
of their culture will be required, particularly: indusxxl
spawning, egg incubation, larval and juvenile rearing,
and development of cost-effective diets.

This paper describes preliminary results of studies
conducted at the Pacific Biological Station, Nanaimo,
British Columbia over ihe last few years, Areas of study
include the capture and transport of a}} life history stages
of sablefish, techniques for induced ovulation and sper-

Authors' address Depanment of Fisheries aud Cseeans, Part fir Btn-
tntteat Station. Nanatnto. Bntish Columhia, V9R SK6. Canada
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miation, techniques for fertilization and determination
of optimal conditions for incubation of eggs and yolk-
sac larvae, and ~ry studies on rearing of wi}d cap-
tive larvae and juveniles.

The multidisciplinary study was developed as a five
year, three phase design consisting of the following
components:

Phase 3, Control}cd maturation, egg incubation, and
larval rearing, 1986-l9&8,

Project 1. Capture and transport. To deter-
mine optimum conditions for capture and transport
of larval, juveni}e, and adult sablefish from the
field to the laboratory in a healthy condition.

Project 2, Maturation and induced spawmng,.
a. To determine those environmental conditions

that promote sexual maturation in adult sable-
fish.

b. To develop techniques for the control of
inaturation and ovulation or spermiation in
adult sablefish.
Project 3. Fertilization and egg incubation.

a. To develop laboratory fertilization techniques.
b. To develop optimum conditions of salinity and

temperature for survival and development of
eggs.

Project 4. Larval rearing,
a. To determine optimal conditions of salinity and

temperature for survival and development of
yolk-sac larvae.

b. To determine food organisms, par le}e size and
density and time of presentation of these organ-
isms, that are required to bring larvae success-
ful}y to the early juvenile stage �0 mm!.

c. To determine optimal stocking densities for
growth.

Phase }I. Growth, nutrition, and hca}th, }9&6- }9&9.
Project 5. Juvenile growth. To detemune den-

sity and temperature optima or optima} ranges for
growth of juvenile sablefish.

Project 6. Nutrition and diets To determine
nutritional requirements and develop diets f r op-
timum growth of sableftsh. with etnphssts iin



development of an inexpensive grower diet which
can bc stored at ambient temperatures.

Project 7. Fish health.
a. To describe the microscopic anatomy of sable-

fish tissues as reference data to allow distinc-
tioa of normal from abnanmal changes at
various growth and developmental stages.

b. To provide baseline data to assist f'utute
recognition of disease problems that may oc-
cur during tearing of sablefish,

Ptoject 8. Sablefish energetics. To detertnine
the t~ cncrgy equation rchtting food intake,
maintenance, growth, activity and excretion for
various st-classes of sable fish.

phase lll. Pilot farm  joint Departtnent of Fisberics
and Oceans-industry project! 1989-1990, Upon suc-
cessful cotnpletion of Phases I and Il  anticipated to be
late 1989!, a pilot farm will bc established to develop
the ncccssary techtmlogy for a commercial-scale
ope tati otl.

ln particular, results of Phase I and 0 will be used
to develop:

a. Site sehsction criteria.
b. Techniques for on-site handling of stock,
c. Techniques for large-scale manufacture and

storage of feed at ambient temperatures  dry,
silage, etc,!.

d. Farm technology, i.e., net pt:n design and con-
struction,

e. Marktn dcvdopttumt, patticuhtrly for domestic
iarltets.

Capture nnd Trattttpnrt

Sablefish larvae werc captured off thc west coast
of Vancouver island during a survey to determine their
distribution and relative abundance  Shaw ct al. 1985!.
All larvae were captured at night, using a modification
of the Sameoto neuston sampler  ~ and Jaroszyn-
ski l969!. Tows were inade for a duration of l0 min
at a speed of 3 knots. Once on board. live larvae were
imrnediatcly placed m 1-L jars contained in a water bath
supplied with continuously flowing seawater. Larvae
were held tar up to 10 days prior to transport to the
Pacific Biological Station  PBS! via truck. At PBS, lar-
vae were held io s 300-L aquarium supplied with flow-
ing seawater at ambient temperature.

Juvenile sabletish were captured off the west coast
of Vancouver Island, Queen Charlotte Sound, and Hec-
ate Strait. Fish were caught «ith a bottom trawl,
equipped with a 4 cm mesh cod end liner. On board,
the fish were placed in 3,000-L oval holding tanks; dead
fish were removed every 2 h. Only fish healihy in ap-
pearance with no obvious physical damage were selected
for transport to PBS, Fish were transported via truck
using a 2,700-L transport tank supplied with an oxygen
aeration systein. At PBS, juveniles were held in 3,550-L
holding tanks.

Adult sablefish were captured annually off the west
coast of Vancouver Island by the chatter vessel, M/V
Victor F, using conical Korean traps �.5-m base
diameter and 73 ctn high!, Captured fish werc held on
board in an oval 3,000-L holding tank supplied with a
continuous flow-through of seawater, Hesithy fish were
transported to PBS in 2,700-L aerated transport ttmks.
At PBS, the adult fish were held in either 3,550-L
fihcrglass or 10,500-f wooden tanks provided with con-
tinuously flowing seawater

Procurement of Gamctes

Stripping of Wild Fish

Spawning sablefish were captured in comcal Korean
traps off the west coast of Vancouver Island in February
of 1986 aud 1987 by chartered commercial fishing ves-
sels, On board the vessel, spawning fish with visibly run-
ning sperm or eggs were separated out. These fish then
were blotted dry with paper towels, particularly around
thc cloacal region. As the fish were held in an uprigh
position, a hand was slid along the ventral surface from
the head to the cloacal region while applying a gentle
pressure. At this time the tait was bent slightly away
from the cloacal region, This process was repeated un-
til the eggs or sperm flowed freely. The first few rniIIi-
liters of eggs or sperm were wiped away to rcmove atty
bfie or other secretions from the genital pore. Eggs were
collected in 1-L plastic containers  one-third filled! en-
suring that uo water came in contact with thein; while
15-ml aliquots of sperm were placed directly into Whirl-
pak bags and closed to contain a large pocket of air to
promote spermatozoa respiration. All fish were then
measured for fork length and otoliths were removed for
later age determinations  Beanush and Chilton 1982!.

Gametes were packed into a cooler  maintained at
3'C with freezer paks!, sealed with tape and then itn-
mediately transported to PBS via boat and truck.

Adult sablefish brood stock were captured as de-
scribed above, transported to PBS, and held in 10-cubic-
meter holding tanks The fish were tnaintained in either
dark or ditn light conditions at 8.7 + 0.5oC and fed
every 2 days on a diet of chopped squid, herring, attd
shrunp,

The inducement techniques were carried out accord-
ing to Solar ct al. �987!. Brood stock were alternately
injected with partially purificd salmm gonadotropin  SG-
G100! and synthetic ana!oimes of gonadotropin-releasing
hormone  GnRHa!. Doses of these hormones were
scaled to the weight of the fish at; 1.0 mg per kilogram
and 0.2 mg per kilogram for SG-G100 and GnRHa fD-
a]as, des-gly'0-LHRH ethlyamidc!, respectively. AI! in-
jection volumes were based on 0,4-ml hormone solu-
tion per kilogram body weight. In the ] 987 trials, some
fish were injected with GnRHa as in 1986, soine re-
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rst., in press!.

Fertilizatioa and Egg lncubathrnceived injections of GnRHa combined with 5 mg per
kilogram dompcridone  dopamine receptor antagonist!,
and some received an injection of domperidone only.
1st a second experiment, single hormone analogves
 GnRHa!; 0.41 to 0.54 mg per kilogram D-trp'-LHRH,
0-1 mg per kilogram D-ala'LHRH ethy lamide, and 0. l
mg per kilogram D-argts-saltnon GnRH ethylamide were
administered to 10 other females. Prior to injection the
fish were «nestherized with MS 222  Tricaine methane
svlfonate!. The injections were made into the peritonial
cavity, posterior to the base of the left pelvic fin.

Brood stock were initially inspected 7 days after in-
jection. Thereafter, fish were inspected dai y.il . Gametes

were obtained horn ripe fish by gentle abdotninalpressure and collected into 2-L plastic containers  ova!,
or 00-tnl Whirl-pak bags  sperm!, Gametes were storedat 3aC in a cooler for 2 to 210 h before fertilization.

Eggs were fertilized and rimed as described by
Alderdice et al. �988!. ln this method milt was ridded
to eggs at a ratio of l ml per 210 ml eggs in a dry con-
tainer. The eggs and sperm were stirred for 30 s rind
allowed to stand for 3 min, after which a large colutnn
of 35 ppt seawater was added, Live fertilized eggs re-

ed at the surface while dead eggs sank.. Live eggs
were remOved from the cOntainer, rinsed wit .. ppi'4 35

seawater, and placed into the incubators.
Fertilized eggs were incubated in girt rotaiing 11- L

capacity units  Figure f! designed by Aiderdice et is}
fin press!, incubation was ai 5.3 ~ 0.07'C. 35 ppt saltnt
ty, and in darkness After hatching. the larvae were
maintairied in the same incubation containers until eye
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Tnsis R. Cnsnyeefttoo of two test eRn8wbnssd tnets ssaSunyed fnr cnitartn8 snbtensb nt tbe Pacific Biotegfcnl Station ro" ported e >~
dttfo tgapwlmewt i!.

' SsMe54 wein fed by band each of ihe diets in satiation once every second dny.
' A ltnol of 3 percent  Wrqir! acid wns added io minced whole poiiodt of which t.s perccm was concentrated sut enc acid aed  .5 percent

wns otntesolinted formk acid. Atro. 200 ppm of iiqnid ethoxyqnie was added io prevent lipid oxidation.

lagttletlatlon was formed and approx unstely 50 per%cut
of thc yolk sac was utilized,

lArvae at thc 50 percent yolk-sac stage werc trans-
Itsttstd Aotn the incubators to 8-L glass battery jars
ctpsippcd with airlift pumps for circuhttion, designed
ahar Klee �976!, These jars were immersed in water
htsfhs which regulated thc temperature at 6.0 + I .PC.
Sahtlt!r was  unattained at 35 ppt with thc addition of
aoa salts to the atnblcnt mawatcr  approximatcf y 28 ppt!,
attd light was kept at Iow levels   I to 2 klux! on a 16:8
h Ilght:dark photopcriod, Dead larvae and debris were
a~out of the jars, and !i to 9I of the culture water
e!ttAlaagod daily. Phytoplankton, fsorftrysis sff. ~
GfcO t  Clone T-ISO! and/or Trrrrzrefrrrir stree crt Kylin,
were added to the culture water to aid in water quality
maintenance and serve as a potential first diet for the
larvae.

hlcasurctnents of total icngth, notochond length,
snout to anat length. snd yolk dimensions were made
every 3 to 5 days on subsamples of the larvae. A de-
tailed description and photographic record of larval
development wns made throughout thc inrvnf stage,

Early Juvenile Rearing

Captured wild juvenile sahlefish 1.5 to 3.2 cm
 average 2.0 cm! in length were divided into five groups
of 8 fish, arxt fed ni 3, 5, 10, and 20 percent body weight
per day. A control group was starved. These fish were
ortgtnalfy fcd on live Arremttt nsuphi, then weaned on-
to frozen Anemia, frozen euphausids, P-10 diet, and
frozen herring, in that order as fish size increased- The
experiment was terminated when a length of 60 crn was
reached.

Diet Devehsptatent

Dry Diets

Two dry dict types,  I! 8 practical dry diet and �!
a purified diet, werc formulated, Both diets were high
in protein �7 percent! and lipid �7 percent!, with a
moisture content of 10 to 30 percent. In the practical
dry diet, steam-dried herring and walleye pollock meal
provided the principal protein sources, while casein and
gelatin suppiiml this in the purified diet, 'Ike major lipid
source was herring oil in both diets. Later formulations

Isochrvsis galhuna nnd 7'rrrasclmi r strait a were
cultured in 20 L csrbciys by thc method of'Whyte �987!.
Chlorrilrs srrccharophi la var. srtcdurrophiiir Kruger also
was cultured  SISFFA 1 964! as a primary food source
for thc marine roti fer Brachioruts plicarilis fviu!ler. Both
wartn- and cold-water strains of this roofer were cultured

Stont~teeosed who!a heiiitqt meal
tyrted «bey
Iirnenndrisd eopbnoside
Riotnl ftoor
Cora bets!ere driod notables
soybean mini

Vitesafwnsttternt sntqttentent
Aigiosao binder  AG4�!
~ oiock sQoae'
Heirfs8 o8  stsbRieed!
Vttssatn C
Unssae ctdmtds  80 percent!

304.8
50.0
40.0

40.0

28.4
43.5
20.0

450,0
18.8
!.3
3.2

255.2
38.2

50.0
40.0

�0.0

42.6
20.0

450.0
29,5
1.3
3.2

by the methods of Nagata �985!. Arremia nauplii also
were hatched out &om cysts and fortified with lip ids and
vitamins  Wats nsbe 1982!.

8rrrchionis plicaliiis wns provided as the initial tna-
jor exogenous food source to the sablefish larvae. This
rotifer was provided to the larvae from 50 percent to
past 100 percent yolk utilization. After this time the lar-
vae were fed on Artemia nauplii and/or wild pfankton
collected by taws. Later stage larvae were also fed on
a salmonid diet  P-IO!, formulated by Higgs et al.
�985!,



Table 2. Capture and transport mortalities of larval, juvenile, aad adult satstcttsb.

Transttott Number
mortalities remaining

Onboard
mortalities

Jiumber
capturedStage

53
47'

l 03'
0

20

7 0 0 0

Larvae
Juvctilles
Juveniles
Juveniles
Juveniles
Juveniles
Adults
Adults
Aduns

45
0

si
28

l20
134
27
35
55

!91 l7
47

l88
30

224
l4l
27
35

4
1

s4 1

0 0 0 0
' Transported tO JstJS via Charter Veaaet.

Energetics

Sdage Diets

RKSL'LTS

Capture and Transport

Proeuretnent of Gametes

Stripping

' Caught u>gether with dogfish or rocknsh.

of both diets also included whole frozen euphausids in
their formulation.

In each fcedmg trial, 25 juvenile sablefish  about
45 cm in length! were placed into six experimenutI tanks.
Two randomly selected tanks were fed on each of the
two test diets, while two controi tanks received «diet
of chopped raw fish �0 percent herring, 25 percent
walleye pollock, and 15 percent squid or shrimp!. The
fish were fed to satiation every 2 days «nd the total
weight of food consumed was recorded after each
feeding. Fish length and weight were measured every
2 weeks for a 4-month period.

Two silage-based test diets were formulated accord-
ing to Higgs and McFarlane  personal communication,
D.A. Higgs, Dept, of Fisheries and Oceans, West Van-
couver, B.C.j. Whole minced pollock was treated with
a mixture of concentrated sulfuric and nitric acids to a
total of 3 percent  W! W!. This was combined with two
binder formulations to yield test diets A «nd B  Table
I!. A control dier was composed of chopped whole her-
ring �5 percent! and squid �5 percent!, Each dict was
fed to a test group of 26 sab!cfish, with a mean weight
of about 1, 100 g. The fish were fed by h«nd to satiation
every 2 days, over a 106-day test period. Weight of the
sablefish was measured four times over the experimen-
tal period,

Late Juvenile and Adult Rearing

As part of a study to assess tag loss and tagging mor-
tality and the effects of oxytetracycline on growth,
juvenile and adult sabfefish were held in a 92,000-L tank
after tagging  OTC injection!. %1m fish were fed to satia-
tion twice weekly on a diet of chopped fish, and mea-
surements of length and weight were taken every 3
months for a period of 24 months.

One- to six-year-old sablefish were caught off the
west coast of Vancouver Island, as previously described.
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Immediately after the fish were discharged onto the deck,
small tissue samples were excised into at least 10
volumeS Of BouinS' fluid fOr fisaiion. TisSues were
embedded, sectioned at 5 micrometers, and processed
for histological observations by the methods of Y«sut«ke
and Wales �983!.

Immature juvenile sabtefish weighing approximately
1 kg were caught off the west coast of Vantmuver Island,
as previously described. The fish were then adapted to
captive conditions of 8.5 to 9.5'C and a l2:l2 h
light:dark photoperiod over a 6-month period, receiv-
ing a diet of chopped herring at rations of 50 g every
4, 7, and 14 days. Two control groups were starved for
2 months, Metabolic rates, ammonia excretion, and ac-
tivity of groups of five fish were measured before, dur-
ing, and after acclimation to the different feeding
regimes. AI1 measurements werc c«rried out in a
4,000-L mass respirometer equipped with an activity
meter. Estimates of toud metabolism, activity. and
feeding rates were coupled with caloric analyses of ihe
food to estimate prote in and lipid conversion eKciencies.

The mortality raTes of larval, juvenile, and adult
sablefish resulting from capture and transport are
presented in Table 2. Of the 117 larvae held on board
for 1-4 days, 53 died on board and l9 died during
transport to PBS, Mortalities of sablefiish during
transport to PBS were low for the juveniles and absent
in the adults. However, onboard mortalities were high
for juvenile sablefish when caught together with dogfish
or rockfish.

Gametes were stripped from a lot«l of four females
and eight males in 1986, and three females and five
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Tahia 3. t;hranpkrgkal setpsesttse of tnstlpr developmental
atagta af eggs and htrvae of Anoplopomn fbnbria at tisC.

Time from
fertilization  days!Stage pr major feature

0.24'
0.63'
0.96'
3.5
6,5

11.5
12.4
13.4
20,4

2-ceil
16-cell
64~11
Germ ring formed
Votk plug closure
f}ean beating
gegianing of hatch
50 percent hatch
Eye pigmentation
Pigmennuion of alimentary
canal
50 percent yolk-sac
ut il ization
Pigmentation of head and
nape of neck
Algal cells in gut
ingestion of roti fera
l00 pe~nt yolk-sac
utilization
ingestion of Arrerata

25.0

29.0

30,0
32.0
37.0

57.0
58.0

' From Aklerdice et al. 1988.

Induction

A total of 30 fish in 1986 and 29 fish �9 in Experi-
rnent I, and 10 in Experiment 2! in 1987 received hor-
morel injections, as described previously. In 1986, seven
�3 percen ! lish were males which spermiated prior to
injection, twelve �0 percent! were females which
ovulated afterafter one in!ection, three �0 percent! were
females whihich ovulated after a second injection, and
eight �7 percent! neither ovulated nor sperrniated  Solar
e  al. 1987!. No i!. No ovulation occurred in the control fish.
which did nii t receive hormonal treatment.

ln 1987 lEx periment !!, six fish �2 percent! were
males which s permiated independent of injection. seven
i36 percent! v ere fe females which ovulated within one
week ot in ection,'on, and six � percent! neither ovulated
nor spermiated! Solar,pe  Solar, personal conimunicaiion!
second ex rimepe -~nt, seven ou[ of ten inected fish
ovulated within I to 3to 3 weeks. None of the eggs obtained

males in 1987, and transported to the Pacific Biological
Station, Females ranged in length from 65 to 98 cm,
whde males ranged from 57 to 73 cm in length, Approx-
imately 100,000 to 200,000 eggs were obtained from
each female. Transport time to PBS from tiine of strip-
ping ranged from 24 to 30 h. Bad weather during the
spawning period and the high cost of boat charters ap-
pear to be the greatest barriers to obtaining gametes by
this method, Also the period during which sablefish eggs
show maximutn fertilizability is extremely short, plac-
ing further constraints on the sampling period.

in the 1986 trials survived past the late blastoderm cap
stage �2 h! . ln 1987, onc out of twclvc test fcrtilizations
from Experiment I, and three out of tcn test fertiliza-
tions from Experiment 2. resulted in successful hatch-
ing. However, due to the limited capacity of the egg in-
cubation systein, it was not pos~ible io incubate all the
eggs from successful fertilizations. Therefore, it is prob-
able that some of the remaining eggs could have been
successfully hatched.

Fertilizallon and Egg 1ncuhation

Results of fertilization and egg incubation of both
wild and induced gametes are reported by Alderdice et
al. �988, in press!. In summary, fertilization success
for gametes from stripped wild adults was 67 to 90 per-
cent. Fertilization success for induced gametes was 0
to 24 percent in 1986, and in 1987 was 72 percent After
48 h of storage at 3aC, gametes appear to lose 50 per-
cent of their fertilization potential. Maximum survival
of fertilized eggs to hatching was 24 percent, Most egg
inortality �1 percent! occurred during the first 6 days
of incubation, prior to yolk-plug closure. The eggs were
also found to be very fragile with a bursting pressure
of I to 2 g. Complex changes in egg density were also
found to occur throughout development  Alderdice et
al. 1988!. initially, neutral buoyancy of the eggs was
approximately 32,5 ppt, which increased gradually to
34 ppl. Just prior to hatching �4 h! there was a substan-
tial increase in density to over 37 ppt, At incubation
temperatures ranging from 4 to 6 C, hatching occurred
in 12 to 15 days. Table 3 shows the time from fertiliza-
tion for various stages of egg and larval development.

Larval Rearing

Table 3 also lists major developtnenud features of
sablefish larvae in a temporal sequence from time of
hatching until full yolk-sac utilization, at 6.0aC, while
Figure 2a-f shows a photographic record of these tna-
jor developmental events. Yolk-sac larvae ranged from
4.2 to 5. 8 mrn at hatching. The embryo floats head down
suspended under the yolk-sac near the surface of the
water column, Newly hatched larvae were extremely
primitive with the mouth unformed and nonfunctiona!,
and possessed no pigmentation on the head and body.
Eye pigmentation was observed 6 days after hatching,
fogowed, respectively, by alimentary canal, head. and
body pigmentation at 5-day intervals.

Algae were ftrst observed in the larval guts 19 days
after hatching, while ingestion of rotifers was first
observed 24 days after hatching. Arremi a were first in-
gested 45 days after hatching. Both the rotifers and
Arremr'a nauplii were readily attacked by the larvae from
an S shaped striking curve, as described by Rosenthal
  l 969! for larvae of the herring Cltrpea harertgzts L.

Growth of post-hatch larvae was linear throughout
the yolk-sac stage. Larvae reared at 4.5, 6.0, and 7.5irC
increased in length approximately 0.90, 1.03, and I, 17
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percent per day, respectively. Figure 3 shows a typical
growth curve of sableftsh larvae from hatching to full
yolk-sac utilization at OoC. ln the 1987 experuuents,
gro wth was gready reduced after a length of 12 mm was
attained; and all larvae died during the post-larval stage
�0 to 70 days from hatching!. The cause of mortality
is not known, Future experiments are designed to ex-
alt!inc more closely the nutritional requirements of the
larvae at this stage.

Figure 4 shours the effect of ration on the growth
arid survival of sablefish larvae through yolk-sac utiliza-
tion. Although aH experimental groups extubited simi!ar

growth curves  Figure 4, length!, a definite ranon
dependence is seen in the survivorship curves. A ration
of 10 to 20 rot ifers per ml appears to be an optimal le ve I
for feeding larvae during this stage.

Juvenile Reartng

Early juveni!e captive sablefish, fed at tive ration
levels, exhibited wide variations in growth in both length
and weight  Figures 5a and 5b!. Starved fish died withm
2 to l6 days. Growth of the four experimenta! groups
was direcdy related to ration level. The best grov th rale

Figure 2 Developmental stages of  Attoptopotttu fitttbr tt! Larvae from hatching to the mrly post !atvai stage.  a! Twoeell stage th I Lute rmirulastage  e! Yolk-p!og closure.  d! Newly hatched  note head still on yolk; no pigtnentation, mouth not functioning!.  e! Ha/f yolk-sae utilitat ton note pigtnentation of eyes and alimentary canal!.  f} Fttt! yolk~ otitizstiott  note heavy pigtneutatiou,  unct tons! mouth snd roti 'em in guii
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was achieved at a ration level of 10 percent  dry weight
food divided by dry body weight! . Figure 6 shows the
relative body size of fish from the four ration levels after
6 month~ of rearing.

Silage diets

Diet Development

Dry D~ets

Late Juveui}e aud Adult gethrhsg

E
E.

X
8O

tsi

Growth in weight of juvenile sabletish fed the dry
diets was greatly reduced compared to fish fed the ron-
trol diet lFigure 7!, This reduced growth was a reflec-
tion of the acceptability of the diets. Following lo weeks
of initial feeding, moisture content of the die s was in-
creased from ]0 to 20 percent, Introduction of higher
moisture content diets resulted in increased growth rates
of the experimcntai fish to a rate almost identical to that
of the control fish.

Sablefish fed the silage diets also initially exhibited
reduced growth rates when compared to fish fed on the
control diet  Figure 8!. After 4 weeks, the experiinen-
tal groups accepted the silage diets, and their rates of
growth ~ similar to those of the control fish.

Large juvenile and adult sab]cfish reared for a
period of 24 months also exhibited accelerated growth
wh«compared to wild fish  McFarlane and Beantish
1'N3!  Figure 9!. Fish increased in length from 48 to
72 cm, with a corresponding weight increase of 1,6 to
4.8 kg over the 24 month period, This is four to five
times the growth rate of similar-sized wild fish.



Fourfh gkf.qr"~Y -" ~quaeubrrrr COnfirenCC

I 0 C-

E E
Z I-

Z us Io i5 20
DAYS FROM FIRST FE E DII4G

i &Q

Zeo
EL
srs
 K
EO

CL

Vs DAYS FROM F IRS T F E E DlkG
rnhrid I Iarvaa  rom hrsr fccrlinl  tii irir pnsr- Iar aI uasc ai ' ari u

Figure 4. Grourth  IcngthI nnd survivorship curves of  Ascpkrpnnsn f, nn



I 14 Firijfsh

100

2

200

100

J984

Figtue 5a. Gmwttt of capavc luverule tabJefish m length fed at various ration !evels



Fourth Alaska Aquaculture Conference I l5

700

600

500

400
IA

e

30

20 *pp Mnv uv
1985

I 984

Figure Sb. Gmwth of captive ]nveni!» sabiefisb in weight ted at vartoos rsbon tevets



pe ~6- V~ N ~aiZeef~Vejavenilp ~kfiah M ai VanOuSrariea kveta  a! = 3 percenn tb! = 5 perCeM.  c! = 10 percent,�! 20 pareear  e~ aa perceatage rrf rtry body weight!.

Fish Healtb

A co"q!iled adas of sableftsh histology has been
Publt ed by BeJJ et al. �9.!, This atlas contains con-
"~ "' to ogle~ plates of an soll tissues of adult

~ ~us an excellent reference guide of histology
~m healthy wild sablefish is available for

udjesonp 0 logyof this sp jes,

lt was
switnming energy exl!tmditures and

~ stn are sigmoid furs~ of ration lre-

quency. The lowest metabolic rates were associated with
the most frequent meals. At the most frequent meal in-
terval  i.e., 4 days! conversion efficiency on a caloric
basis was 30 percent for proteins and 98 percent for
Jipids. Trends indicated that greater protein conversio!i
efficiency could be expected with more frequent feeding.

When the fish were spontaneously active in the
respirometer, the activity component of rnetabolisrr! was
generally less than 25 percent of the standard metabolic
rate. Whet! swimming spontaneously, the sablefish
moved at a single, probably optimal velocity regardless
of ration history. Fish in the experiments were active
most of the day despite the low contribution of the ac-
tivity component to total metabolism,
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DISCUSSION

En this Paper we have presented an overview of
sablcfish mariculture studies currently under way at the
Pacific Biological Station. Success has been achieved
in n number of areas: developing techniques for the cap-
ture and transport of all life history stages of sablefish,
including procurement of gametes from the field;
developing techniques for induced ovulation and sper-
raintion of sabicfish using hormonal treatments; develop-
ing fertilization and incubation techniques for both wild
and iadum} gametes; determining optimtd salinity and
terttpcraturc condittons for incubation of eggs and yolk-
sac larvae; and determining food organisms, their par-
ticle sizes and densities, and time of presentation, that
are required to bring larvae successfully to the post-larval
stage. In addition. studies have also focused on optimum
growth conditions for post-larval and juvenHe sabiefish;
delermining nutritional requirements and development

of diets for juvenile and adult sablefish; snd detcnnia-
ing baseline fish health data from wild stocks to assist
in the recognition of disease problems that could occur
during rearing.The rcsuhs from the energetics study indicate that
sab}cfish have excellent food conversion capabilities,
even on modest diets. 'Ihey also appear to have an ~
table physiology which is plastic enough to compensate
for the changing meutbolic needs associated with a
variable food supply.In our opinion, the biokrgical feasibility of sablefish
mariculture has been deraonstntted by the results of these
studies. Prior to the establishment of commercial scale
farms, further research wiH bc directed to some critical
areas. First, the detcrminanon of the nutritional re-
quirements of post-larval sablefish and the development
of diets to successful}y rear larvae through this stage will
bc a priority in future rearing trials. Wild post-larvae
were successfully reared to adults with little mortshty;
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however, cultured post-larvae all died within l to 4
vvaeks following fug yolk-sac resorption. Second, mod-
Ncatke of incubators and rearmg tanks to accommodate
larger numbers of eggs and larvae will bc essential for
the scale-up to commercial production, Third, further
developntent of brood stock techniques will preclude the
rmcsaity of capturing and transporting adult fish for
gamete production. This would also eliminate the need
for the costly process of gamete stripping in the field.

ln addition Io the biological requirements outlined
in this paper. development of sablcfish mariculture
inelhodology at the coinmercial level will be require.
For easntpte. developmental requirements such as: site
selection ti.e.. cntcria for!, farm technology, on-site
handling, predator control, feeding schedules, food sup-
ply, transpttrt  supplies «nd product!, fish health, etc�
must all be considered prior to establishment of a com-
illefclal farm operation.

Last, the economics of sahlefish mariculture have
nor been addressed io date. Although it is beyond the
scope of this paper to undertake economic and marketin
analyses. wr feel a few points are pert' t t g

s are pertinent to review
here, Re«ring wild<aught juveniles in the late I960s and
ea ly 1970s, Kennedy �972, l 974! concluded that sable-
fish were biologically suit«hie for farming. However

made such a venture uneconomical.
With the advent of the 200-mile fishery conserva-

tion zones and subsequent quotas on commercially
caught sablefish, market prices have increased substan-
tially. Today, most sablefish are marketed in Japan as
a dressed frozen product. At present, the detnand for
quality sablefish is greater than the supply, which is
directly reflected in the price increases of recent years.
Since commercially caught sablefish are under quota,
it is doubtful that the increasing demand for this prod-
uct can be met by the commercial tishery,

Preliminary studies  J. Richards and Barkley Sea
Farms, personal communication! indicate that, at cur-
rent ex vessel prices, sablcfish farming is economically
attractive. This is particularly true since farmed fish of
other species yield a premium price  approximately 40
percent more than wild fish! in the market phtce. In ad-
dition, new domestic markets would increase the value
placed on a steady supply of fresh fish of uniform size
and quality.

In summary, sablefish inariculture has the poten-
tial of becoming a valuable new industry. We anticipate
that the biological constraints will be resolved within 2
years, and that the transfer of the necessary teclmology
to industry will follow immediately.

Many people participated in the various components
of this study. ln pattie~ we thank Dr. E. M, Donaldson
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NUTRITIONAL REQUIREMENTS OF FARMED FINFISH

Ronald W. Hardy
National Marine Fisheries Service

Seattle, Washington

HISTORY

FEED REQUIREMENTS

Ten essential anuno acids,
A group of lipids called omega-3 fatty acids.
Dietary energy, which determines the amount of
food they eat.
Fourteen essential vitamins,
Apprnxunately 10 minerals in their diet. These re-
quirements vary under different conditions: tish
can obtain certain minerals from the water in
which they are reared,
Carotenoid pigments, apparently in very lou
levels. These pigments produce the flesh and egg
color m salmon, but the bto!ogical role is not clear-
ly understood.

1,

3.

4.
5.

Nutrition of farmed finfish is a very young field of
study; worldwide there are fewer than 250 active re-
searchers in this area. The first reported nutrition study
was done by Embody �918!, He fed diets of only
vegetable or animal meals to trout, and the trout died.
Vitamins were being discovered at that time, and Em-
body concluded that the problem with these types of
feeds must be their lack of vitamins.

In the 1920s, the main feeds for hatchery-reared fish
werc what we call wet feeds. 'Acsc contained
slaughterhouse by-products, cottage cheese, or anything
available, The fish were fed wet, milky, small-particle
feeds with high levels of suspended material in the rear-
ing water, It was very poor quality feed by today's stan-
dardr, but it did grow fish.

In the 1930s hatchery production increased and the
supply of locally available slaughterhouse by-products
could not meet the needs of hatchery production. Con-
sequently, fish fariners extended the wet feed with dry
soybean meal or cottonseed meal. The farmers mixed
them together, dropped them into a fan, and then fed
the particles. This was the standard fare for many years.

In 1947 McLaren et al. in Wisconsin developed the
first semi-purified diet to which researchers could add
or delete individual nutricnts. A semi-purified diet is a
diet made of highly refined ingredients. Unfortunately,
in 1947 the refining techniques used to manu~ these
materials were insufficient to make them completely
nutrient Iree. Nevertheless, this was the first approach
to scientific fish feeding.

Grassl �956! was the first to feed a dry pelleted
diet. He was able to feed the diet to his fish for seven
months, However, he still had to feed once a week with
chopped liver to avoid nutritional deficiencies.

Halver �957! developed the first complete semi-
purified diet. This was a major breakthrough and thc
test diet has been the foundation of nutritional work with
fish feeds. Nearly everything we know about nutrient
requirements of fish has been discovered in the last 30
years,

The Oregon moist pellet was a major milestone in
practical hatchery rearing and feed dcvelopinent. The

Author s adttress Northwest and Alaska Fishenes Center, Nauenat
Marine Fisheries Servjce, 2725 ht~ BI~i E., Seamle, Washjnpten
998! 2.
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Oregon moist pellet was developed primarily to eradi-
cate fish tuberculosis. Before its dcvclopment in the late
1950s, hatcheries fed dicta containing chopped. frozen
salmon from thc previous year's spawners.
Unbeknownst to them, they wer» perpetuating a disease
called fish tuberculosis.

The Oregon moist pcflet  Table 1! contained pas-
teurized fish waste and was made by centralized
manufacturers, which took fish diet production out of
the hatcheries for the first time, This gave all hatchery-
reared fish thc same dict and created the foundation for
the tremendous boom in hatcheries that occurred in the
1960s and 1970s,

A successful dry diet was developed later by Phillips
et al. �964!. In the 1970s, the major event in practical
fish feeding was thc development of dry extruded diets.
These dicta werc made by an extrusion process that
results in a pellet that will float or slowly sink. In 1971
the Abernathy dry dict  Table 2! was developed for
sahnon  Fowler and Burrows 1971!.

Etnbody and Gordon �924! were the first to pub-
lish the results of a study on fish nutrition. They caught
wild trout and examined the stomach comencs. They
counted the insects in the stomachs and calculated the
proportions of insect groups. Embody and Gordon
calculated the proximate composition of the wild trout
diet to be: protein 49 percent, fat 15-16 percent, fiber
g percent, and ash 10 percent. It is interesting that ibis
is very similar to the proximate composition of feeds
used today,

Fish require the following nutrients:
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are single fatty acids. The oils fed to fish are fed as
trig Jycerides, which are three fatty acids joined together
with a glycerol molecule. Apparently, trig Jycerides and
free fatty acids may have differing nutritional value. In
other words, feeding a diet containing highly refined
esters produces different results from a diet containing
triglycerides with the same fatty acid profile in oils,
When eaters are used, the requireinent for omega-3 fat-
ty acids is about one percent of the diet.

Fatty hcfsht

I'stly hc>ds that are essential for salmon have a
di>uhlc bond at the 3 position counting from the ome a

gcud. 'J hc non-essential fatty acids do not have a double
hiind at the 3 posi»on, individual fatty acids arc written
in sh<irthand as CJ4>0 or C Jg:2, for example. The first
number is thr carbon couni in the fatty acid and the sec-
<Ind nun>bcr is the d«uhlc txind count in the mOleCule.

Herring iii J is thc s andard hpid used in salmon diets
and c<inlams about 
 percent omega-3 fatty acids. SaJ-
n><>n i>il has 3 percent omega-3 fatty acids. lVlenhadcn
>. u g<7«d s«urer of iimcga-3 fatty acids, with 31 per-
cent. Pollock would be a good source of oil for use in
sa!mon diets.

Thc us>inquantitanve requircmen  for essential fany acid s
ear. The tentative requirement wasin fish die s is nol clear.

J>shed J>y feeduig very highly ptir>fled esters, wliich

�emng m'at
Whew gen meal
C~ meal �8.8% ~!
Dned vher
Cora dis di>ed snt>ds
8<ahem ~
l'race m>ner>d p>e-mi'
V>>am<a pr».ni>a
Ctadme t5>tnr>de �0%!
W>S f>sh bydm!y>ate
Fish ail

Tshfe 2. Abarsstby dry animus diet sf>eeffhn>tbms.

Hernng meal
Dred <ahey
Blond fhiur
C<n><hmsed fish >olubles nr

pnulsy bypmduct mea!
Wheat germ meat
Wheat eels. mill run, or shorts
V anmm pr» mia
Ch< hn d haute  SO% !
Aaenrbie acid
T rare mineml pre-mia
L>gn<m wtfonmc  hinder!
Fi>h ml nr soybean ln»ith>n  maa. 2%!

The protein requirement is a highly variable enti-
ty, bui h basically is an amino acid requirement  Table
3!, Juveniles require less protein than fry, and post-
juvcniles require even Jess  Table 4!.

Energy can be derived from dietary protein, fat, or
carbohydrates. Generally diets are formulated so that
energy comes from lipids or carbohydrates rather than
protein. Since protein is expensive, we prefer that dietary
pmtem is used for tissue growth by the fish.

Gross energy is the total energy in the diet {Figure
l !. ln animals, a certain amount is excreted in the leces,
in the urine. and through the gills. What we' re left with
after that Joss is called metabolizab!e energy. There is
a sniall Joss f' or metabolism, and we are left with net
energy. That is what we have to work with to support
standard basal metabolism, voluntary activity, growth,
and reproduction. Roughly 65-75 percent of the gross
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Table 3. Essential amino acids for saimonids,

Table 4. Dietary protein requirement of sairnonhls.

dietary energy is available as net energy, and of that ap-
proximately half is available for growth and reproduc-
tion.

A different way of looking at energy balance is to
consider feeding level versus energy level. The
maintenance feeding level is a level at which fish receive
enough energy to stay alive and maintain weight. Below
maintenance feeding level, fish lose weight, and above
that level fish gain weight. At a normal feeding level,
the energy used for growth and sexual reproduction  in
reproductivcly mature fish! is about 35-40 percent of
the net energy.

The primary functions of the required vitamins in
fish are the same as their functions in other animals
 Table 5!. For the most part, B vitamins are required
for metabolisrn of carbohydrates, fats, and ammo acids,
and the fat-soluble vitamins A, D, and K have other
specific metabolic functions. Ascorbic acid, or vitamin
C, is required by fish. Inositol and choline are struc-
tural components of tissue, and folic acid is required for
specific metabolic reactions.

The deficiency signs of these vitamins in fish reflect
their role in metabolism. When the fish are fed a vita-
min-deficient diet, the first observable change is reduced
growth. This sign is nonspecific and thus of little use
in determining which vitamin is deficient in the diet.
Some vitamins have specifK deficiency signs  Table 6!.
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Figure 1. Fate ot dietary energy in fish.

Thiamin deficiency causes convulsive behavior or hy-
perirritabiliiy, because neurological tissue is affected,
On the other hand, a vitamin B�deficiency does not
show specific clinical signs.

When practical diets are made, a pre-mix is added
to more than satisfy rhe National Research Council
 NRC! recommended levels of essential vitamins for sal-
monids  Table 7!. With few exceptions, all of the lev-
els are higher than NRC recommendations. Since the
recommendations were made six years ago, research has
been conducted to show thar the recommended level of
riboflavin is too high. Rarely in commercial production
diets do we encounter a vitamin deficiency. However,
vitamin deficiencies are sometimes seen in feeds made
by fish farmers on site.

ln fish feah, some vitamins are more stable than
others  Table 8!. Alpha-tocopherol  vitamin E! and vi-
tamin C are the main vitanuns that are lost during
manufacture and storage in most commercia! feed. Thi-
amin can be destroyed by ihe enzyme thiaminase, which
often is present in diets made from lish.
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Carotesr olds

Minerals are clesstfied as macrominerals or micro-
tnhtertds fTahle 9!. Macrominerals are requuud in gram-
per-kdogram amounts and microminerals are required
in milligram-pcr-kilogram amounts. Calcium, phos-
phorus, potassium, sodium, chlorine, magnesium, sul-
f'ur, and zinc ele all required macrominends. AII of these
minerals have metabolic functions  Table 9!, Calcium,
phosphorus, and magnesium are essential for bone for-
rnation. Zinc deficiency causes cataracts in fish. We' ve
had tremendous problems when using high-ash fish
metds the  reduce the availabiliry of zinc in the diet.

We determine mineral status in the laboratory by
regulate the mtnerals in the body within a fairly narrow
the mineral shorts e
range, So with lish fed a deficient diet, w d, we can etect

r rtage before there are signs of clinicaliency simply by grinding up the fish and analyzing
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Salmonid fishes have pink to red colored flesh
Farm-raised fish often have an orange tint in their flesh.
This is caused by feeding a diet containing synthe-tic car-
otenoid pigment called canthaxanthin. Canthaxanthin is
not the major carotenoid found in wild sahnon, but it
is very similar. Until recently, it has been the primary
carotenoid added to farmed salmon diets.

The other primary pigment, which we extract from
wild fish, is celled astaxanthin. Fish cannot synthesize
either of these compounds; they must get them in the
diet. In nature they get the pigments primarily from
eating crustaceans or other fish that have ingested algae.

ntere is very little cherrdcal difference between as-
taxanthin end canthaxanthin, although astaxanthin is the
morc effective pigment. Both of these compounds have
been synthesized connnercially and are available for use
in salmon feeds, At present, the industry in Europe and
in Canada is switching from the use of canthaxanthin
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S = viable
U = unviable.

Visual numerical scores have tmn assigned to con-
centrations of the pigment in the flesh. In the low ranges
the color difference is easy to see, but in the high ranges
the eye can hardly detect a difference. It is not difficult
to achieve very high levels m the flesh by feeding more
pigment. Nevertheless, no further economic benefit will
result from increasing the pigmentation level beyond the
5 to 7 value.

Worldwide, about {i,000 kg of carotenoids <at
$1,000 per kg! are bemg fed to salnton. Our projections
show that with increased production, 14.000 to 1 5, XX!
kg will be used. The amount of money that would be
saved  in U. S, dollars! by increasing carotenoid reten-
tion from 4 to 5 percent would be $4 to $5 million. in-
creasing the retention to 10 percent would saxe 510

to astaxanthin. Both pigments are very expensive.; they
cost close to $I,000 per kilogram. Canthaxanthin is
available as a 10 percent active product, and about one
pound per ton is added to feed. This adds about $50 per
ton to the price of the feed. The commercial product
contains only 5 percent astaxanthin.

When salmonids are fed diets containing catntenoids
over a period of time, only about 4 percent of the caro-
tenoids are retained in the body, Carotenoids are dietary
components and are absorbed in the intestine. Then they
show up in the liver, where they can be stored and used
to make lipoproteins, or they can be excreted from the
body. They are transported in the blood and deposited
in the inuscle, During reproduction, carotenoids are
transported from the muscle to the ovaries or to the skin.
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9 ~ rttnettons nf tbe rnlnerah and approximate recommended dkinry levels.

Recommended
dietary levels
msika htajur rnetabu!ic functions

Bone formation. muscle functinn
Bone furinatiiin
Extracellular cation
!ntracellular cation
Extra- and iniracellular anton, dtgevtivc Iuices
Rrnre formation. co-lector tur enrymex. nt rve and tnuvcle Iunctiiin
Pan ot sultur-containing amino acids

S,OOO. I 0,000
g,ots!
!ant kiiowfi
S,t�0
htrrt known
St�- I, I NO
Not known

Ctdeium
Phosphorus
Sodium
Stotatunum
Cbtortae
ltaaoetrium
Stair

Present m hemnSIObin. myogtubin, Cytochromei
Co-factor for some enzyme sys eros. male fectiltty
Co-factor for some enz>mc svstemv
Essential for Insulin fane n>n, co factor
Part ot vitamin Bu
Interrelated wiih vitamin E
Required ior thyroxine fomiation in thyroid
Required for normal insulin syuemv
Co-lector I'or vnme enzyme svstemv

SOO-100
20-50
�
20-120'
0.0034. I ov
0.000-0 I "
Ii. I 4.3

tron
Mant pit!roe
Copper
Zinc
Cobalt
Setentum
Sodtne
Chrom mm
Sdrdybdenum

dietary mimpnnents1!et!ends Upon rnher
a' Kattmate

GROWTH

nsNiort. Considering these figures, it seems worthwhile
tO do some research on how to increase carotenoid
ststentionl

A combination of canthaxanthin and astaxanthin ap-
paasbt tO pigment salmon mare eff!eiently that either pig-
ment alone. Somewhere betwccn a 30:70 and 50:50
~sation of canthaxanthin and astaxanthin is most
oNectlve,

Gnnwth occurs when the maintenance feeding level
level
is e~  Figure 2!. Above thc maintenance feed'ngmgevel aie the optimum and maximum feeding levels. At
maintenance feeding level, the feed conversion ratio is
infinite because there is no growth occurring. At the
timum feeding level. feed conversion is most efficient
and at maximum fccding level it is less efficient.

Diet preparation is the process of combining the in-
gredients in a mixture that will meet specific goals for
production  Figure 3l, These goals ma be ve dif-
ferem, d epending on whether we are feeding fry or
smolb, whether we want to ge  smolts to release size
by a certain t tmc. or whether we are in busmess to make
money. Another concern in diet preparation is hatcheeIIIuent, particularly . m-. pa,' nitrogen and phosphorus. In com-
mercial fanning, enhanceXI organolepiic quality Is a Can-
cers!, In research, we may he in  . d 'in create in creating avitamin deficiency or the establishment fme o eta y

The first decision
arc going to feed. in faA inanufacture is what we

g g eed. And in a production diet, that feed

must meet these criteria: It must be economical to man-
ufacture, easy to handle, and easy to feed. The fish have
to eat it. And of course it must be nutritionally com-
plete, which includes both the rhemical analysis and the
avadable nutrienls.

In feed formulation, we first choose the ingredients
for the feed, and then decide where to establish rnax-
imum and minimum levels of the ingredients. The diet
of course must be palatable and nutritionally complete.
One method to determine amounts of each ingredtent
in a feed is trial and error, Levels of each ingredient
are inCreaaed until a miXture with suf5Cieni prOtein,
energy, and required nutrients is achieved. This can be
done with a personal computer spreadsheet, stmultan-
eOuS cquationS, Or least COst COmputer pragramS, LeaSt
cost computer programs are very nice, but there are two
assumptions associated with their use that people don'I
always understand. The f!ist assumption is that nutriertts
fram ingredients are interchangeable, which may or may
nat be true. And the other assumption is that there is
an ideal feed formulation; in fact the number of accep-
table combinations is infinite,

The Oregon moist pellet formulation  Table I! has
different compositions for different size fish. General-
ly it contains 50 to 52 percent protein an a dry weight
basis and about I 8 percent fat. The feeds contain about
28 to 32 percent moisture, so they must be kept frozen
until they are used, In contrast, the Abernathy dry diet
 Table 2! does not require refrigeration, and its prox-
imate composihan is almost the same. The semi-purified
diet formulations that are used in research are based on
casein, gelatin, and dextrin, which are highly refined
ingredients.



FEEDING LEVEL

Figure 2. Distribution of feed energy at various feeding levels.

Fish silage can be any type of material; for exain-
ple, under-sized fish or processing waste. After being
ground, the fish waste is mixed with acids. Formic acid
or mineral acids can be used. After the acids are added,
the natural enzymes in the fish product or fish waste
digest the material. The purpose of the acid is to inhibit
microbial spoilage. The material becomes liquified,
which may take a couple of weeks at a cold temperature,
or one day if it is heated. Then it can be separated into
three parts: oil, sludge, and liquid phase.

Fish waste can be made into a second kind of hy-
drolysate product called liquified fish protem. This is
a sinular process to ensilaging, except that wc hea  the
inaterial after it is ground and before the ac id is added.
We heat it from 30 to AC to accelerate the enzymaiic
digestion, which occurs in about an hour. After the en-
zymatic digestion, the liquid is heated to 8s C for about
l5 minutes. This reduces microbial load and also inac-

RESEARCH IN OUR LAIGRATORY

Fish Silage and Liqttitled Fish

We do research in many different areas of fish nutri-
tion. One area that we work in is the utilization of fish
posing wastes. We have e~ fish silage in great
detail. Silage has some advantages, particularly in places
such as Alaska. Silage is very easy to manufacture, and
equipment requirements are minirmd. Almost any start-
ing material can be used. The product is highly stable
when it's inade correctly, and environmental problems
are minimized. The disadvantages are that it has a high
water content, it is very bulky, and it is expensive to
ship. It is not commonly used; there are very few peo-
ple who know how to use it properly. The nutritional
data available on fish silage are insufficient for most
applications.
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Diot prepargtion: The process of combini ng feed ingredi ents to form
a mixture that will meet specific goals of production.

Examples of go8fs of productio~
- Rapid growth
- Inexpensive growth
- Successful reproduction
- Reduced hatchery effluent  N2 or' P!
- Enhanced organoleptic quality
- Induction of a vitamin deficiency
- Establishment of a minimum dietary requirement

Corlsiderltiorls In formulating a production diet

- Economical to manufacture
- Easy to ship
- Easy to store
- Easy to feed
- Palatable to fish
� Water stable

� Nutritionally complete

Plgute 3. Rsh Feed formutatioii iuid manufacture.

"vates Proteolytic eilzymes to prevent f'urther digestion
of the material. At that point, it can be screened to
fnnxrve bones and then stored following acidification to
PH 4 0 One OF the main advantages of liquiftcation of
pmcessmg waste is that the bone content  ash! in the
~ can be reduced,

Several options for use of hydrolysaies in aquacul-
ture feeds exist. Lkluified lish and fish silage are about
75 percent moisture. which is too high for salmon feed,
ln Norway, the 1iquified products are combined with a
binder meal and vitainins in a 40:60 mixture, to end itp
with a 45 perceiit moisture pellet. 1tus very moist pellet
is too fragile to be shipped. Generally, this form of pellet
is made by a fish farmer on site and Fed within one or
two days.

Another option is to concentrate the liquid to about
50 percent moisture. This is not too difficult, because
the energy required io remove the first half of the water
is Fairly low compared io that required to remove the
second h f « the water. The material that is 50 per-second half of

cent moisture is combined with other dry ingredients to
final option is to dry the product to 10 percent or less

place of fish meal.

There are many factors that influence the nutritional
value of products made from fish processing waste.
These include neutralization of the acidified material
degree of hydrolysis, the comparative value of products
made froin whole fish or fillet scrap as startirig material,
and reinoval of bones.

Shearer and Hardy �987! made a study to evaluate
the nutritional value of salmonid diets containing whole
fish meal, a meal made from fillet scrap as the major
source of dietary protein. Fish that were fed the various
diets all grew the same amounts during weeks 1 through
18. However, after 18 weeks of feeding, the fish that
were fed the deboned fillet scrap stopped growing.

Whole-body mineral composition was used as an
index of miners status. After only four weeks of feeding
there were diflerences in whole-body calcium, phosphor-
us, and magnesium levels between fish fed the diet con-
taining the deboned scrap and fish fed the other diets
After 20 weeks, the group of fish fed the diet contain-
ing deboned product was split into two groups, One
group was continued on this diet, while the other group
was fed the same diet supplemented with sodium phos-
phate. Withiii a month the phosphorus, calcium, and
magnesium levels in the fish fed the supplemental diet
increased to normal.
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Hormones

A s udy was conducted to test the effects of naturally
occurring androgenic steroids found in low temperature
dried fish rncals from spawned salmon. For the first meal
v e removed the gonads from the males; for the second
one we left the gonads in; and for the third meal we add-
ed the gonads that had been removed from the lirst meal
to make a double gonad batch. The results after I 8 weeks
of feeding to salmon fry showed that growth was en-
hanced by the presence of naturally occurring hormones
in the diet. The concentrations of steroids in these diets
were in the nanogram-per-gram range, much lower than
the concentrations that other researchers have added to
diets to stitnulate growth. In our study, the presence of
other steroids in the natural meals may be the reason
growth was increased at such low concentrations.

Vitamins

We are developing microchemical tests to measure
the vitamin status of post-juvenile tish. These tests are
much more sensitive than existing tests and can detect
dehciencies of some vitamins weeks before clinical signs
are observed in the fish. This allows dietary treatinent
to be used before the fish are so sick that they won't eat.

We measured nutritional status for the vitamins bio-
tin and pantothenic acid. We developed a very sensitive
radioassay which directly measures levels of biotin in
the plasma. We found differences in the plasma of fish
after 32 weeks of a diet with no biotin, l6 weeks before
the appearance of c linical s igns. I think we can develop
this into a method that will allow us not only to identify
deficiencies, hut al so to establish the correct dietary level
for fish.

We also developed a test to measure enzyme levels
in the liver, which reflect pantothenic acid stores. After
only four weeks we can see a difference between fish
fed a complete diet and fish fed a pantothenic acid-
defic ient diet, In this study, fish did not exhibit clinical
signs of a shortage until 9 to 12 weeks of feeding a pan-
tothenic acid-deficient diet.
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QUESTIONS AND ANSWERS

Q. Did you say that salmo~ do not svnthesize omega-3
fatly acids".

A. They do not synthesize them, they have to get them
in their diet.

Q. How do omega-3 fatty acids in farmed salmon com-
pare to omega-3 fatty acids in wild salmon'?

A. That's an excellent question. In the farmed salmon.
the total omega-3 levels are about IS-I6 percent
coinpared to a level of 23-24 percent in troll-caught
coho salmon. However, in our laboratory we have
increased the levels of omega-3 in farmed salinon
to thc same as wild salmon b3 feeding different fish
oils. such as menhaden oil.

Q What about farmed lish like catfish: do lhcy have
ntuch omega-3'!

A. They do nol have much omega-3. and with catfish
if you increase the level of oil in the diet. you get
a product that's greasy. No one wants greasy fish.





~LATIGN OF FEED QQggg TQ FJN~H FARMgNg

Daniel P. Swecker

Swecker Salmon Farms, Inc.
Rochester, Washington

FFKD COSTS

HISTORY

Dry Feed

Today, fish farming is still as much of an art as ii
is a science. This makes it difficult to give specific in-
formation on feed costs in finfish farming. For Swecker
Salmon Farms, Inc, this is complicated by the fact that
our operation is highly diversified. Historicalfy we have
been involved in innovation in facility design and rear-
ing strategy development, Perhaps the easiest way to ex-
plain all this is to give you a little bit of our history.

My wife Debby and I started our operation in I 974,
raising coho salinon smolts in two dirt ponds in our back
yard. Today we are currently installing nineteen more.
ln the beginning we raised coho and chinook smolts for
saltwater pen growers and ocean ranchers, By 1980, it
was becoming apparent that our markets for smolts were
drying up. Most of the people we raised fish for had
developed their own freshwater facilities to produce
smolts. At that time we decided to diversify and began
producing pansize salmon in fresh water. Until that time
it had primarily been done in saltwater net pens. We had
io develop freshwater facilities and new rearing
strategies as well as a processing operation to supply
deboned pansize salmon to markets all over the United
States.

In 1982 we were contacted by a Norwegian com-
pany and asked to begin raising Atlantic salmon smolts
for an emerging net pen industry in Puge  Sound. This
again required dramatic changes in facilities and tech-
nology as well as the management strategies for a new
species. One thing we learned very early is that Atlan-
tics are about ten times as hard to raise as coho. We
have spent the last five years perfecting the production
of Atlantic salmon and integraling this production with
the other activities in our facility to maximize effec-
tiveness and efficiency. There is another factor that has
added a level of complexity to our operation. Because
we do not have access to salt water, we do not have our
own brood stock for any of these programs, so each year
we face problems associated with egg quality and stock
variation.

AuthOr's ~dmus: Sweeker Seimon Faiiiii, toe., tW 0 i73% A e.
sw. ttoehcster, wasiungioe 9s579.
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With this in mind we can turn our attention to the
relation of feed costs to finfish farming. For salmon,
lower feed costs do not necessarily mean more profits.
This statement is much more true for salmon than it is
for the trout industry. Given the products currently avail-
able, trout in most conditions do well on the majority
of coinmercial diets with small variations in feed effi-
ciency, This is definitely not the case with salmon. Sal-
inon react much more radicaIIy to variation in level of'
protein, quality of protein, feed sizes, and palatability.
Without a doubt, a poor choice in feeding strategy can
result in massive impacts on the overall productivity nf
an operation.

There are three options availahie currendy in com-
mercial manufactured feed: dry, semi-inoist, and moist.

The niajor advantage to dry feed is that it can bc
stored at room temperature for several months without
significant deterioration in product quality, lt usually
con ains about I0 percent moisture and is the cheapest
of the three options. The disadvantages of dry feed are
that ir is less palatable to the fish, and less of the nutri-
tional value of the components such as proteins are re-
tained once the product has been dried.

Another characteristic of dry feed is that the fish
use the water from their surrounding environment to
build body tissue, which results in better conversion
rates. However, if there are disease organisms in that
environment, the fish are more likely to be affected by
those organisms. The palatability problem also can result
in a nutritional dcticit in the fish simply because they
won't eat it. This will inake them more susceptible to
disease,

Salmon tend to feed less vigorously on dry feed,
therefore they must be fed more often and more of the
feed is spit out or ignored by the fish, This feed can ac-
cumulate on the bottom and can be an expens ive waste.
Salmon do better on dry feeds at temperatures above
l PC. In surface water facilities where temperatures vary
depending on the time of year, a marketing and produc-
tion strategy should be adopted that will accommodate
low growth levels dunng the colder months. On the other
hand, it may still be very cost effective  o use dry feeds
because of the high conversions seen during the v arm
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months. I know onc pansize grov>rer who �
this strategy and puts out some of the b>e I f
industry. He just docsn'I produce very rtsats
the winter

Settsl-Moktt Feed

This incorporates st>me of the Ndvarttagcs of hi>tli
dry aod moist feed. The hig advantage is that ir d<>cs
not have to be refrigerated unlil after the hag i» iipcncd.
lf h >s used quickly enough it riced not he rcfrigeraied
at all, The major disadvantage ia thttt it is thc most cx.
pensive feed; it is commonly about t>arsee aa expcns>ve
as dry feed. Fven though it ts s<>trtewhtat ~>re palatable
to thc fish, in production trials with AzIttnt>c salmon.
we had hetter luck with frozen, moist feed than with
semi-moist. I think palatability was atill a tttapir factor
I also hei icvc that quality docs deteriortxtc >t>< >rc in sem<-
moist I'ecd. particularly thc vttaminss which tend to ox-
idixe morc quickly. Nevertheless. where refrigeration
is not econ<imical, semi-moist fmd rrstsy he the hest het.

Of the commercially prepared peII<eted diets ~vs~f-
able, niotst feed is prohably closest to what ~tmon eat
in their natural cnvironrnent. It has ox<any advantages
Because iif its palatahility, ~lo>on «ccept tnoist teed
much more readily, lf the feed ha» beers stored priiper
ly we sec fewer nutritional pr<sblertta tsrsd Icss d>sense
With miire aggressive feeding hehavs<>r. I<shor ciwts fi!r
feed>ng and cleaning ponds are rtsuch Ii>wet In a salt
water environnicnl the fish use the fresft wats r in lhe
feed instead ot salt water ti> build tt>anise Th>s redo<'es
fhe physn>h>gical stress i>n thc Iiah bee nisse it docsn'I
have t<! wiirk as hard to regulate the s<sII Ievc! in the
bio<>d

Moist feed rcqu>res thc least «m<>urst iil processing
hy the manufacturer, thcrcfi>rc the qu<sltty <>I the ravr
materials is preserved, fhcy have not heen detcri<ira ed
i>y heatmg and drying, We sh<>uiij hc carcfxil n >I hi < i>n-
I Use nil!lst 'Iced >a 1th <set feed whic'h is prtrttartly gn>und
I>sh The largest s>ngtc component in wet feed» water
kt!!>st Iced cilntalns n ! in !re than lt! perceru mo>store
ind Usually c<intams <iv<.r att pcrceot pr<stcsn plus grain
f!indcrs. > lian»ns, and tish oil I hc i >bv <<>c<s d<sadvan'
t Igc <!I 1»<!lst I<'<'d >s that it n>ust hc ah I f>ped and torcd
'll U ti<!r<'n state. M<!tst fei:d cari range <r> l>r>cc f<!!m
.tt> per<en< i»i!rc thai> ilfV feed ti'> neufls as Cxpx'livl<C

!Coil-I'!'Ii!ill f i!r pa<'l fir vain><>n !selgvh ~ iiu !!vcr !
I-'r«l»S. the I ~WCr C<>st gi-ni r>< t!MP l t Iieg!U> >t><U>t
pill<-ti t lin>Uk<I92!ns perfi'!rili 3w Rcl! Jw uris !!fhi.r i<cd

  housing I'eed

Srualler lish requir<'higher flu<I«> fee+
produced in %Orth A t" I W >old re«>rt>

or semi-moist for salnion under IO grams. It is <ny u
dcrstand>ng thar in Europe growers experience consi-
derable success starting their fish i!ul on dry feeds., I
believe thcrc arc several reasons for this. First, the raw
malerial» t fish proteinst they usc are higher quality than

wc have access lo here, They have a special fishery
and r>gtd handling requiremenb for thc fish that are con-
verted into fish meal for their I'ccds Because they start
with a higher quality product thc extra heating and dry-
ing di>cs not rcducc protein quality below acceptable
Icveh. Most of thc fish meals we use in this country «re
a by product ol' other industries and vary widely in prod-
uct qu~l~ty. levels «I' ash, and frcshncss. Another reaso
l<i <>pt for a rnor» expensive high quality feed at the start
is thai carly nutrition deficiencas can resuh in poor
g«iwth perfi>rmance ihroughoui the rest of the life cy-
cle of Ihc fish.

inexperienced farmers sh<>uld sclec  higher quality
teed tinfortunatety, many farmers starling out try to
use Ihc less expensive options because cash flow is so
critical in thc carty years. I can teII you from experience
that this is penny wise and pourid foolish. A good qualrty
teed can crimpcnsate for many nuinagement errors that
eventually arc chminated with experience.

Soinc type of error~ cx>mmonty experienced include
overcrowding, inadequate IIow rates, poor pond clean-
ing, and facilay design errors. Other errors include <sver-
fccd>ng, under ceding. and poor grading.

<'rndlng Prat t lees

Orading ts a critical factor that I want to discuss a
little n><!rc ln depth. By grading I mean sorting the fish
hy sire. %lost people ciinceplualize tish growth in terms
ot a unit'i>rm fx!pulati<>n.  !ne cxantple i!f this would he
thc farm pond concept used for trout gri>wing in idaho.
In this scenar>o small trout fingcrlings. 2 t<> 3 inches ir>
length. are placed in a pond and fed fi>r four t<> six
mi>nths At the end i>f rhis time all ihe trout in this pond
arc harvested because 95 percent of them are in the cor-
rect size range. Apparently this cx>ncept works well with
trout lt doc v ni>l wi>rk well with salmon. Salmon are
picky caters cas>iy intiniidated by their brothers and
s>ste rs

If y i>u uike a go>up of salmon at 4 ti> 5 inches, placethem m a pond, and begin feeding them. the following
things «>II occur. The first month most of thc fish wif]
gro>s The sc ond month maybe only 60 percent will
gniw And the third month perhaps only 30 percent will
gr<!!x After that only thc largest, mosl aggressive eaters
will get muih Iced at all By th>s <line 30 to 60 percent
!I!hi. tish arc ln nvtritninal deficit, and lt is d<>vbtful
»;,>n> «>II rcc!!icr lhcre will rtill be lish in the por>d
.iv s»tall Ui 4 t!! S irlchcs. I-eed pellets i>f a s>ze con-
sun>UI>t< hi rhc smallest tish must bc used, so the il,sot eywlli',CI 4t least v<>r»e teed. But this small feed stzc cann I

cannotbc calcll l.'Ifleiently bi the targe tiah, and man> pelletS
gi> t<> the b<>ttorn and are wasted. As a result there is
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wasted feed, bottom accu nulation, water quality prob-
lems, nutritional deficits, disease problems, and possi-
ble cannibalism or  as we cominonly refer to it!
"mysterious disappearance."

There is only one way to avoid thi» problem of non-
uniformity, and that is to grade a minimum of every two
months. I mention this problein in the context of feed
costs because not only is it important what you teed but
also that you do everything you can to insure the fish
have a chance to e«  it. Any management strategy, no
ma ter how good, can be ruined by poor grading.

Hand Feeding

Something else that is as important as the quality
of the feed is the quality of the feeder. The person who
goes out and looks into those ponds each day will make
or break the operation. This person mu»t be aware ol
the general condition of the fish, their behavior, and any
warning signs that. »uggest an alternate course of action
should be taken, The feeder must understand that inany
factors affect how much feed a group of fish will take
at a time. Some of these factors include the length of
day; time of day; hunger of the fish; how aggressively
the fish feed as a group; and feed characteristics such
as oil content, smell, and palatability. If the fish behave
differently froin what the feeder expects, it is usually
one of the first signs that something is wrong.

Automatic Feeding,

Automatic feeders are not necessarily a sn st rute
for hand feeding. We have tried both, ln s rsnII Ati��,-,
salmon, automatic feeders work very well and crit tr brltf1 ule
to much higher survivals at first feeding. This is because
firs -feeding Atlantics need to be fed about evevery 5
minutes during daylight hours. Feed is wasted at this
stage by overfeeding, but the fish are so small that the
wasted feed is not cost prohibitive. The tanks
cleaned daily.

All of rhe other fish in our facility are fed by h«nd
Thi» is because the fish eat different amounts at different
times of the day. and we found that when we ii~d ihe
automatic feeders we had to supplement them by hand
feeding. I have seen more autoniatic feeding systems
abandoned than I have seen used effectively,

SUMMARY

To summarize, I recommend you keep it simple.
Start out using the highest quality feed to which you have
access. It is particularly important to consider rrioist or
semi-moist feeds in colder water and for smaller Ii»h.
Feed by hand to gei a feel for the fish in the beginnmg
Experiment with automatic feeding systems bemire you
make a large expenditure on this kind of equip rien . And
finally, the person on the pond or pen is still the ino»t
iinportant ingredient in your formula.





A BRITISH COLUMBIA PERSPECTIVE
OX SALMON FARMING

Monty Little
Syndel Laboratories

Vancouver, British Columbia

I welcome the opportunity to discuss a British Col-
umbia perspective on salmon farmtng, I welcome it for
two reasons: first, because it offers me my first visit to
Alaska, and second, because it allows me to discuss a
tnost interesting subject, one tha  has undergone rapid
changes in perspective since 1976. the year salmon farm-
ing was first introduced to British Columbia. Since that
time the viewpoints have become more structured, more
articulated, and most important, more convergent with
one another. This paper will move quickly through the
early expectations of sa!mon farming in British Colum-
bia to the present, and many of the recent, positive oc-
currences that are leading  o an increasing consensus of
viewpoint will be discussed. A review of some outstand-
ing issues that require resolution wi!l also be considered.
Finally. a prognosis for the future will be offered,

At this point, the perspective for salmon farming
in British Columbia is extremely bullish. Having said
that, Ict me back up and begin by answering a question
that may be on one or two tongues: "What does a fellow
from a private laboratory know about salmon farming7"
Syndel Laboratories has been on the leading edge of
aquaculture technology, provid'mg fish health services,
research and development backup, and consulting ser-
vices to the industry for the past 10 years, I have seen
the industry grow from a single farm to the present 100
or so, depending upon who you are ta!king to. During
this  ime I have been privy to many of the farm prob-
!ems and successes during and after their developmen-
tal stages. I have followed the growth of this new in-
dustry with keen interest from birth, through
adolescence, and now almost to adulthood.

Let us look at some of the historical viewpoints of
salmon farming in British Columbia.

Salmon farming in British Columbia was largely un-
heard of during the !970s. Those farms that were oper-
ating maintained a low profile. The appeal of fish farm-
ing was more for personal grounds than financial re-

4udtor's address. Syodel Laboratories [.td., 8879 Selkiik Rd., Vatt-
couver, Brittsb Columbia, V3W I Y7, Canada.
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ward. The life style offered by tish farming was a sig-
nificant drawing card. Itleighbors, if there were any.
looked upon the farmer as a bit eccentric. Government
departments, and there were many of them, looked upon
the fartner as just another business to regulate.

By the early 1980s the Vorwegians appeared. They
had been I'arming in islorway m earnest since 1971. What
they saw in British Columbia was the potential of farm-
ing closer to their intended market, i.c., the United
States. The Norwegians had already proven to them-
selves that salmon could be cultured profitably -very
profitably. British Columbia's coastline was idea!. They
invested quietly at first. then with a rush. Their en-
thusiasm triggered local entrepreneurs into actitm to the
degree that by !9$5 a gold-rush mentality pervaded the
industry, The provincia! government was not prepared
for it, but certainly encouraged the development. The
province needed a positive and encouraging issue to
escape the effects of the recession.

The farms were established in remote areas for the
most part, but with at least some access to the transport-
ation route. Thus the Sunshine Coast tsee Figure I! be-
came the first major area of developmen . The surge con-
tinued. spreading out to west vancouver Island and  he
Campbell River-Quadra island areas, and even up to
Prince Rupert until mid-19S6.

Newspaper and magazine captions echoed the de-
velopment: "modern day gold rush," "Overstaking
questioned," "Whose bay is this anyway'." "Aquacul-
ture, another K!ondike?" "A Iong way to go," "Too
much salmon," or, "Angling for profitability," "over-
whelming potential," "Islet profits," "Lucrative po en-
tia!." These and other divergent viewpoints quick!y
developed into the hype and hysteria that reached its peak
just prior to the Gil!espie Inquiry in mid-l986.

This inquiry could not have come at a better  ime.
Polarization had developed to such a level that if ir were
not defused, there could have been many serious alter-
cations between farmers and fishermen. Many g,ood
points were raised at  he mquiry by both sides. and it
is to the credit of Mr. Gi! lespie that his C2 recommen-
dations were adopted intact by  he government. Subse-
quent to the inquiry, the perspectives ~eemed to shift.
There no longer appeared to he the viewpoints that
dominated the media prior to mid-1986. People go  back
to doing what they did best, farming and fishing.
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Figures 1  h ough 4 show distribution and size of
salmon farms in British Columbia. Presently, the in-
dustry is more confident and is more responsibly man-
aged than it was earlier, This has not come without a
lot of hard work, Impmved manaIemen  with better bus-
iness focus has been key to many of the critical deci-
sions that had to be made over the past 18 months. The
huge financud requirements to keep the farms going until
 here were positive cash flows were underestimated, and
novel approaches to raising funds were necessary,
AI hough this fundamental problem has not been com-
ple ely overcome, the quality and depth of management
has i nproved immensely. This has had a very positive
effect on investor confidence, to say nothing about in-
ternal confidence.

Many farms chose to use the Vancouver Stock Ex-
change as a means of raising capital. They did so dur-
ing a tiine of unprecedented investment in equity stocks,
and fared very well, My conservative estimate is that
approximately $30 miHion was raised this way. As part
of their pro~ us requirements, the farming of salmon
had to be explained, markets had to be identified, and
the Ieng h of time required before profits could be rea-
lized had to be stated. This was part of the story that
was poorly told or missing altogether during the earlier
period of hype, No  only were the investors getting bet-
ter information, but the public now had an opportunity
through the media to become be  er informed. A better
info med public can develop its own viewpoims, rather
than merely echo earlier rhetoric.

Ano her positive move within Ihe industry happened
through advanceinents in the British Columbia Salmon
Farmers Association. This association was formed in
l984, bui had little strength or influence among its
members until early 1987. Realizing that it had a mon-
strous task of coordinating egg screening and distribu-
 ion, assessing research and development require nents
and building a marke ing strategy, the association hired
 wo additional professionals to handle research and de-
velopment and marketing. The activities of these two
people. along with the executive, have assisted greatly
in con solidating the farmers into team effort with a focus.
Although this move may not have influenced the general
public's expectations of the industry, it did bind the in-
dus ry iogether for the first time. Workshops on such
topics as disease and nutri ion were conducted. Guide-
lines were se  for mini num standards, ranging from end
product quali y io on-farm ethics.

Wi hin the indus iy, few, if any, needed to be con-
vinced of the potential salmon farming held for them.
The farmers' perspective has always bee» one of high
expec a inns. However, the advances made over the past
lg monrhs, or at leas  since the clarrflcaiion ol' issues
by the Giliespie Inquiry, have instilled an even greater
de ermination io achieve ihose expectations,

Perhaps, though, the most significant change in
viewpoint has been experienced by the general public,

and no group has been affected more than the support
sector.

The following categories of infrastructure build-up
have profoundly influenced the perspective of those in
the support side as well as those peripheral! y connected,
such as in housing and staples:

Tf anspor ation
Feed inanufacture
Diagnostic services
Ne s and pen manufacturers
Publications
Insurance
Boat buflding
Processing and general equipment of local

manufac urc
A brief look at the results of a study recently corn-

ple ed by the Salmon Farmers Association titled
"Salmon Farming in B,C.: Econoinic Impact on the
Supply and Service Sector" has the following objectives:

I, To quantify and classify companies now in  he sup-
ply and service sector of the salmon farming
industry.

2. To determine the total level of employment in  he
supply and service sacor and the wages and
benefits genera exi by it,

3. To determine total sale~ and capital expenditu es.

Ten classifications of support activity were iden i-
fied and surveyed. These were

1. Cage suppliers and manufacturers
2. Feed producers
3. Pharmaceu ical, laboratory, research and devel-

opment
4, Nets, ropes, and seine
5, Construction and marine supplies
6. Transportation
7. AuxUiary goods and equipment
8. Consulting and professional services
9. Fish processors
10. Diversified aquacuJ ure service companies

By referring to Table 1 the following two pro]cc-
tions are worth noting. Example l: Wages and benefits
for 1987 of $8,850,000 mdicate a subs antial employ-
ment picture. However, by l990, that figure could ex-
cmd $35,000.000. Example 2: The anticipated number
of new person-years created in fish processing plan s
by 1990 is 283, compared to the present number of I 7.
For comparison, the number of plant worker person-
years for 1985-1986 in British Columbia fish process-
ing plants has been estimated at 4,800, which includes
processing of all groundfish as well as salmon. There-
fore, processing of farmed salmon  nay very well add
an extra 10 percent io the existing and mainly union-
ized positions � a fact that should no  be lost on any nf us,

The ccmfidence of two mayor imernational fish feed
producers in the success of British Columbia's salmon
farming future is evident in their significan  capital in-
vestments. B.P. Nutrition, through their ownership in



Table l. Errsptovrnent ln tbe supply and service sector or B.C. aatmoa farmlag irsdttatry bs 1987.

1987 Person years
Or einployment

itotnll

Total wages
genefirled
�987I

Anticipated full-rime
pnsninns created by

1990 by sailmnn farmsCompany crass ifi Cat iOn

Cage suppliersimanufacturers
FM produr.ers
PhartnaceuticaUlaboratory/RkD
brats, ropes, ravines
t onstrucsuM ttt marine supplies
Auxiliary gnocts A ettuipmcm
Transportation

Air
Sea

COnsuning k prOfeSSiOnal
services

Fish prooesson
Diversinied aquaculture

service companies

41 4
39.9
29. 4
63,4
27.0
32.4

1,700,000
930.000

1, 180,000
1 . 360,000

710.000
850,000

213
60
77
34
26

153

1,3
1.0

30.000
20.000

3
70

29.3
17.0

1.000,000

670.000

g,g50,000

53
283

22. 9 74

326.0Total 1,046

Courtesy B.C. Salmon Farmers Association

Undercap ital ization
Egg scarcity
Health
Technology gapa
Suspicious fishermen
Bank temerity

l.
2.
3.
4.
5.
6.

Undercapitttlization

Moore-Clark, recently completed a new plant in Van-
couver. The Finrush company, EWOS, purchased and
refurbished an existing poultry feed producer in the
Fraser Valley. In Nanaimo, a division of the Prince
Rupert Fisherman's Coop, White Crest Mills, is also
producing salmon feed in a new plant and is reported
to be running at or near capacity already.

Another benelrt being realized as a direct result of
salmon farming in British Columbia is the effect it is
having on many coastal communities. We only have to
look at the Sunshine Coast for a shining example of
coastal community revival, Before salmon farming, this
community of some I7,000 was plagued with an unern-
ployment level exceeding }2 percent. Many businesser
were on the verge of bankruptcy. A regional district
study recommended two possible solutions to improve
the economic health of the community; promote tourism
or encourage salmon farming. They chose the latter.
With over 25 farm sites now active in this region the
business atmosphere is healthy. The ripple effect to the
community has been profound. Viewpoints on the Sun-
shine Coast are divided only by politics, otherwise the
community is solidly behind salmon farming and what
it has done for the community.

A major external force that is driving the whole in-
dustry is the unprecedented increase in demand for sea-
food. Health concerns, new eating habits, and new evi-
dence of cholesterol reduction from eating foods rich
in omega-3 fatty acids have all turned the consumer on.
Salmon is a major source of omega-3 fatty acids. Not
only that, the consumer has very high expectations ol'
salmon farming. They want quality, they want it fresh,
and they want it year-round. Only salmon farming pro-
vides that.

Last, but by no means least, the provincial govern-
ment attitude is positive. Encouragement is offered
wherever possible, although linle or no money is being
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pumped into the industry directly. There are funding in-
centive programs for aquaculturists and sales tax con-
cessions on equipment, material, and supplies, The
Ministry of Agricukure and Fisheries has assumed the
lead role in the province for aquaculture. Heavy-handed
regulations have been minimal, and the Gillespie Inquiry
sorted out many of the inconsistencies and almost
everyone now knows how to play the game. The federal
government role is still ambiguous, although they are
tenuously holding on through their traditionally strong
expertise in research and development.

Although the preceding may sound rosy, there still
are some risks and uncertainties. It is unlikely that these
uncertainties will change the perspective; indeed they
may only enhance it once the uncertainties are resolved.
The major uncertainties to which I refer are

Despite the stock exchange successes, there is still
a scramble for working capital, It is a perennial prob-
lem for most public and private farms, and the October
I9 stock market crash has not made it any easier for
them, regardles~ of whether they are public or private.

The programmed harvest period for British Colum-
bia fanned fish is between December and May, a period
during which fresh wild harvested fish is unavailable.
Usually at orher times of the year the salmon farmer
would have to compete unfavorably in price with rhe
wdd caught fish. However, this year thc fishery v as
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THE FUTURE

much below expectation and many farms did harvest
early. Prices ranged from CAD S4.20 to $4.50 per
pound for chinook and coho, an un~iy high price.
Obviously this improved many a farm's cash flow this
year, aad in some cases may have saved their bacon.
Nevertheless, there is still some sorting out taking place,
and ownership changes will continue to occur.

This year's egg collection from the wild fishery, at
tirM of writing, was inuch below expectation. Every-
thing seemed to be late this year. If the nuinbers come
close to a quarter of the ex~ amount, as has been
suggested, the anticipated farmed harvest for 1989-90
will be seriously affected.

Farms must still institute proper health management
programs Although maintaining healthy fish is a prime
objective, the approach to handling disease has been
largely reactive, not productive,

British Columbia is farming two salmm species, the
chinook  predcnniruintly! and the coho, They are main-
ly brought in from the wild. Several years will be re-
quired to produce a stock that is domesticated and that
has many desirable traits for culturing. In addition, there
is a paucity of understanding in such subjects as nutri-
tion, stress tolerances and disease control.

Fishermen are still suspicious of' farming fish as op-
posed to huntmg them. There is no easy answer. Both

sides must recognize that it is a market-driven industry.
The market today is not heing satisfied, nor will it be
for some time to come. Farming has introduced a new'
element to seafood supply � consistent quality on a Year-
round basis. We don t fight over prices, say the chefs.
The industry still has to achieve consistent supply, but
this should serve to enhance the dockside price for wiM
caught fish. In the final analysis, the farmer and fisher-
rnan will complement one another, not coinpete.

Canadian chartered banks have been slow on pro-
viding working capital to salmon farmers. Perhaps when
the Bank Act is amended through present lobbying ef-
forts to allow chartered banks to use inventory in the
water as collateral, there inay be greater interest. Fish
will be treated in the same manner as other agriculture
pmducts, a status it does not have at the present. A more
positive viewpoint by the chartered banks is necessary.
Salmon farming is a business, and therefore it must tise
and have the support of all [he components of the finan-
cial connnunity.

Salmon fartning in British Columbia is a reality- It
has come a long way in the past five years, and even
in the past l2 months, There is a mood of confidence,
pride and achievement that transcends any dissenting
viewpoint. Aquaculture International, to be held in Van-
couver, September l988 is a dear indication of the en-
thusiasrn and cornrnitment British Columbia has for
aquaculture. Within 3 to 5 years this industry will
become an aduh. As we have read in the Carnzdian
hquacufriire hfogazine, "... there is not nme for puberty
and adolescence."



INSURING FARMED SAI MONID STOCKS
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IVSURANCE PRINCIPLES

RISK MANAGEMENT

I thank the organizers of the Fourth Alaska Aqua-
culture Conference for irrviting me to participate. This
report will deal with stock mortality insurance, and is
divided into two sections. First, I' ll discuss some un-
derlying principles of insurance and second, mortality
insurance, including the proposal forms and insured
perils.

The principle behind the conduct of insurance is that
the whole industry sharing the individual's misfortunes
is the least painful way of handling the misfortunes, It
is the underwriter's job, which he does for a profit, to
assess the risk surrounding the various insurance in-
terests and then decide on thc way the risk can be de-
fined and how the risks can be accommodated into the
general portfolio of the insurance community.

The underwriter must strive for a perfect balance
if he is to successfully carry out his task of fair and
equitable spread of risk. He must charge more premium
for the high-risk exposure than for low-risk interest. He
must even restrict or reject some business if rhe risks
are too high or if there is a moral hazard involved.

The basic function of insurance is to spread risk.
The lundaniental legal principles underlying insurance
are:

Insurable interest. Any party wishing to take out
insurance must have an interest in the property or
liability for which coverage is required,

2. Utmost good faith The duty of utmost good faith
is duty to disclose material facts and is required
of both parties to an insurance contract. The full
f'acts relating to a risk are usually known or should
bc known by the prospective insured, whereas they
are not known by the insurer.

3. Material facts. These facts would affect the judg-
ment of an underwriter in considering whether he
would enter into the contract of insurance and at
what price.

Material facts are no  just those provided in answer
to questions in a proposal form. Materiality does not de-
pend on the opinion of the prospective insured, Whether
or not a fact is material must be for a court to decide.
Thai is usually done after a policy has bean issued and
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a claim made. The problem for the lish farmer is to
decide what is material fact and what is not in completing
the proposal form. Material facts include

A, Facts that tend to render the risk proposed
for insurance greater than normal. But in the
aquaculture industry, where no two risks are
alike and the state of its science is somewhat
primitive, what is normal? It might be said
that we know 75 percent of the biology of
human beings and 50 percent of the biology
of chickens, cows, and pigs. but our know-
ledge of the biology of aquatic creatures wc
are farming probably ranges from a rnaxi-
mum of 20 percent for the better-known
creatures to well below 5 percent for the
lesser-known ones,

B. Facts that are suggestive of some special
motive for insurance; for example, a farmer
may wish to insure certain species and not
others.

C. Facts necessary to explain the exceptional
nature ofa risk where, in their ahsence, the
underwriter would justifiably believe the
risk to be normal.

D. Facts showing that the proproser. himself,
is in soine sense abnormal. For exanrpIe, the
lack of eiiperience with certain species or
an unfortunate claims experience, such as
the declination of risk by a previous insurer.

4. Indemnity. The principle of indemmty is thar an
insured should. as far as possible, be placed in
such a position following a loss as he would have
been had the loss not occurred. This is difficult
in the fish farming industry because of lack of
replacement fish available year-round.

5. Proof of loss, The burden of proving that a loss
is caused by an insured peril rests upon the in-
sured. To comply with the net@1 to provide proof
of loss following a claim, the policy-holder should
keep written stock control records, keep close
track of events as they develop in a claims situa-
tion, and make every effort to see that causes and
actions taken are well documented.

A natural adjunct to the insurance is the control and
management of pure risk, otherwise known as risk man-
agement. The object of risk management is to reduce
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or, if possible, eliminate wasteful risks and hazards. It
has to be done on a cost-effective basis. We, in the in-
surance industry, are not experts on keeping fish alive,
b n we are experts at looking objectively at the peripheral
risks of situations and we do give advice to clients on
how to manage some of the risk in their situation. The
overall survival rates in aquaculture could be improved
significantly if personal attention were paid to each fish,
but of course that is totally impractical. Somewhere be-
tween personal attention to each creature and throwing
them in to get on with it lies an optimum point where
cflort to improve hcaIth and prevent disease is reward-
ed by extra profit, Both the underwriter who stands to
pay for thc loss, and the insured farmer whose pro-
fitability is redo' by waste, stand to gain if risk
management techniques are employed.

Thc study of risk management developed initially
in thc United States in the l950s, when many univer-
silies sct up insurance dcparunents, Academics began
to realize that the best and cheap' insurance cover was
not necessarily thc key. In other words, insurance is only
onc way of handling thc risks and hazards of the busi-
ness. Risk nrrrnagen enr can bc defined as the identifica-
tion, measuremcnt, and economic control of risks that
threaten thc assets and earnings of a business. Risk iden-
t|tie anon involves attempting to pinpoint all the risks that
can threaten a business. Risk rneasrrremen  is the art of
placing some degree of magnitude and probability of oc-
currence on the risks identified. Risk control involves
attempting to determine the best way of guarding against
identified risks. Risk financing is the economic control
of risk and a tempts to find the best way of dealing with
potential losses from a financial point of view, An ex-
atnple of this would be to prevent fish from jumping out
of nets or preventing predators from getting in by buy-
ing nets to cover the pens. Similarly, it is logical  o im-
pmve security to prevenl intruders from gaining access
to equip nein or polluting, water or feed stuff, The mag-
nitude and probable occurrence of such risks is thus
lessened though i  is still worth channeling finance into
insurance against such perils.

h is only through adopting a formal risk manage-
ment approach that some hazards can bc identified and
scen to have enormous potential for loss. For example.
it is a g tabid idea to look at dependency of a business on
suppliers of equipment or raw materials. How depen-
dent are fish farmers on supplien, of fish food, or on
suppliers of smolts or fingerlmgs? Are there alternative
suppliers? What are their delivery schedules? Are the
fish farm suppliers dependen  on other suppliers".

I  is not presently the case that banks are pulling
out of lending money {yet'!. Sot it is the case thar some
insuiance coinpaniev are actually considering wtthdraw-
ing from  he iield. Were  hey to do so, i  would coin.
cide with an increased requirement for insurance under-
writing capacity, brought about b!  he greater demands
oi' banks that their fish farm clicn s be insured and by
the ever-increasing aggregation of values that are de-
veloping aH over the lish farming world.

STOCK MORTALITY INSURANCE

Fish farming is a very unbalanced business for the
insurers, with high values concentrated in a relatively
small number of units, with high risk of total loss from
diseases, and with thc risk of accumulation of several
farms within one geographical area being hit by the same
type of loss. Far better results {on a worldwide basis!
are required in order to accuniulate technical reserves
for this type of risk, which could be termed adequate
from an actuarial point of view. The aquaculture indtnsry
on the Pacific Coast is still very much in an infancy
stage, The insurance industry has very few statistics on
which to base their judgment, There is a need to coor-
dinate all kinds of risk-related information, of which the
following are only a few general examples:

The average and exireme of various catastrophic
and subcatastrophic diseases.
The average and extreme of various environrnen-
ud factors.

The basic paraineters for mooring cages and rafts
in the marine environment.
The incidence of plankton blooms, the extent of
the area they cover, and the way in which they
can be handled.
Advisable stocking densities.
Acceptable alarm systems.
The effectiveness of vaccines.
Working conditions in aquaculture.

5.

7,

The insurance industry's at itude toward aquacul-
ture provides another clue to the inherent risk level. If
insurers, the most skilled assessors in society, are con-
sidering getting out of aquaculture insurance, or if they
are seeking to restrict the cover that they give to fish
farms, then surely that is a warning to everyone. It is
a fact that many insurers have lost substantial amounts
of money through in~uring fish farm stock over the last
few years, The only conclusion that can be drawn is that
risks to the aquaculture venture are very high.

The role of insurance as the principal tool for off-
loading the risk exposure of the aquaculture venture is
an important one. Insurance is already the established
tool for managing the risks of many aquaculture opera-
tions. If, for some reason, the insurance market for aqua-
culture risks were to collapse, what woukl be the effec 
on banks and investors? Would they continue or would
they pull out?

There is a limit of capacity in the insurance market
for aquaculture risks. A long-term insurance market
must be based on profitability to the underwriters, It
must be realized that there would be no long-term in-
surance market unless underwriters make a profit from
spreading risks and hazards. History shows many ex-
amples of how the insurance industry bas mct and sol ved
the problems of insuring industries founded on new and
often high-risk technologies.
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There are special insurance needs for comincrcial
aquaculture, At the heart of every aquaculture opera-
tion are the species, to whose health and growth a corn-
pany's entire expenditure of effort and capital is com-
pletely devoted and upon which its profitability entirely
depends. If anything prevents the product from reaching
its market, then all effort and expense is wasted. It is
clear then, that the most important insurance policies
in the portfolio of any coinmercial aquaculture opera-
tion are those that protect the loss ol' stock.

People in, and associated with. aquaculture are the
first to admit it is a high risk business. There are few
other stocks that suffer losses from so many varied
causes. The dependence of stocks on water adds a totally
new dimension to livestock insurance and creates a
whole series of problems that are different from those
problems associated with the air-breathing creatures.

A very detailed proposal form for stock insurance
is required because of the relative inaccessibility of sites
and lack of sources of information generally available.
The proposal forms should be completed in a most corn-
prehensive manner. Generally speaking, terms are more
favorable when good, detailed information is submitted,

When an underwriter first completes insuring a par-
ticular farm, he does so at two levels: first, he looks
at the overaI! risk level involved and then at the premium
he nevis to cover it; next, be looks to see if there is any
way the risk level can be improved.

A reasonably sized deductible has been placed over
the self-retained amount. This percentage deductible i s
called a franchise and it must be exceeded before a claim
can be made. The insurance is intended for catastrophe
and not the everyday, casual loss to be expected in this
kind of operation.

The insured must maintain regular, monthly, writ-
ten stock remrds. The monthly inventory does not have
to be backed up by a full-scale stock take; however,
monthly reports of values must be submitted, based on
stock reports kept. These records must be based on full
counts or random weight samplings carried out when
suitable. Mortality numbers must be kept and incor-
porated into the stock records. I  is clear that to prove
any loss, the fish farmer must maintain his records
carefully.

REVIEW OF PROPOSAL FORM

I will review the proposal form before discussing
the insured perils. Bear in mind that the proposal form
becomes part of the insurance contract.
1. The first section deals with general information

on the company applying for insurance: the naine,
location of sites. species to be farmed, and resumes
of key employees.

2. Information is required concerning the physical
characteristics of the holding system on the
following:

Marme chart
Farm plan

After aII these questions are answered, we still ask
for details of any other material facts which may help
assess ihe risk.

Aquaculture ~tock is open to loss or loss of value
from a great number of very different perils, which may
broadly be listed as follows:

Predation
Poll ution
Disease
Slaughter made necessary by disease
Food poisoning
Failure of water supply from natural causes and

climate conditions, blockage, or breakage
Breakdown of equipmem and machinery
Net rupture and cage failure
Flood
Cold weather
power failure
Theft «nd pilferage
Negligence
Fire
Explosion
aqua ke
Impact
Aircraft
Malicious dainage

3.

7.
8.
9.

IO.

I I.

Photograph
Construction details of pens, net size, an-
choring or mooring arrangements

There are several biophysical characteristics of the
site:

Extreme ranges of tide
Current speed
Salimty
Teinperature
Wave height
Wind s~
Minimum depths below cages
Frequency cages are cheeked under water
Use of mechanical device for aeration

Stocking density. Wild Pacific salmon, in our ex-
perience. do not survive in high densities, As the
fish become domesticated, densities perhaps can
be increased.
Details of precautions used to avoid or miniinize
losses due to net rupture or predation.
Details of dLseases known to exist at the site or
in the vicinity, together with information on the
availability of drugs to treat diseases.
Details of previous loss experience.
Details of alarm or security procedures.
Details of potential catastrophes, i,e., hurricane.
earthquake, tidal waters, extreme hot or cold
water.
Details of any potential pollution, including plank-
ton blooms.
Anticipated maximum value per cage and on the
site.
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Many of the previously listed perils are interrelated,
~f~ while it is coiiunoii practice in other branch-

of insurance to provide what is called named-perils
 I e insurance agamst certain listed perils on-

!y! the danger to the aquaculture operator of i n su rin g
hts tttock on a named-perils basis is very great due to

Iikeltood of misinterpretation by either or both par-
to an insurance contract. The difficulty in insuring

thc utdividual named perils can be illustrated by pollu-
To pollute means to destroy the purity of,

ftn make foul or filthy, It would not bc the intention of
, in granting pollution coverage, to cover disease

. For example, it is possible for a polluting substance
tn pass thnlgh a fish farm without causing death to stock
hntncdiately, but causing injury to fish which later die
fran injury-induced discase. The cause of loss would
appear to be disease and would, therefore. be excluded
under the policy. The insured would have to prove the
discase was a direct result of the injurious substance.
Under an aII-risks policy, the onus is transferred to in-
aurers to prove that a particular loss is inadmissible
because a specific peril that caused the loss is exduded,

Followmg are standard exclusions under all risk
mortality insurance policy:

Sonic bang
R~ive contamination
Mysterious disappearance
Normal trade mortality
Disloyalty of einployees
Intentional slaughter

ln many underwriters' opinions, predation is a sub-
ject with which they feel they should not be involved.
The cormorant or blue heron that gets into a cage is not
a peril agaiinst which farmers should look to their in-
auters for protection. However, insurers must provide
farmerS With prOtection against muCh greater damage
done by killer whales, sea lions, seals, or sharks.
PoilnHon

Farmer are inclined to say, "Oh yes, we can re-
cover from polluters � no need to waste money on in-
surance premiums for this risk.' That is all very well
if you can trace the source of the pollutant, and if you
maruige  o convince a coun that a third parry is guilty,
and if you can then recover your money. In practice.
underwriters usually have been able lo trace the third
party respimsible for anv pollution and, af'ler a con-
siderable periiid of time and legal expense, recovered
their mimey A fish fart»er should ci>ntinue to produce
his fish while insurers v orrs about recovering losses
from third parlics.

Plankton Blooms

e problem of plankton bloonis appears to bc of'
~jo«igntftcance. If there ts a !ikeiihood that a ioss

can occur every 50 years, then a premium of 2 percent
has to be levied to cover thai. Plankton blooms can ktII
the fish in tive major ways;

Through lhe release of toxin by live animals.
2. Through the release of toxin by dead anunais-

Through the reduction in oxygen levels as a re-
sult of high demand of live animal~.

4- Through the reduction on oxygen levels resulting
from the high demands of decomposing animals.

5. By mechanical clogging of gills.

Underwriters have been looking a  the probleins of
plankton blooms for some years now. They have plot-
ted reports of' these blooms on a worldwide basis. It is
their opinion that it is unrealistic for mariculturists to
say these occur elsewhere "But not on my site." The
fact some farms have not experienced plankton blooms
does not mean they cannot occur. In the opinion of a
large London underwriter, the plankton bloom is the ma-
jor problem that marine farming faces. One plankton
bloom off the East Coast of the United States was ap-
proximately 86 km long by 60 km wide. It ranged from
the top to the bottom of the water column. Evidence sug-
gests that the spores of the creatures that can do the
damage may rest on the sea bed, like little time bombs,
waiting for the right conditions to cause a bloom.

One is dealing with thousands of different creatures,
and since the cause of a bloom will undoubtedly vary
from one plankton species to another, finding the cause
tnay take considerable time. One of the major questions,
from an underwriter's point of view, is what maximum
and average area can a plankton bloom cover? The
answer to this question will lell the underwriter whetlier
he is exposed to claims from several farms as a result
of the effects oF one single bloom covering a large area.

It would appear that warm spring, summer, and au-
tumn months are probably the dangerous periods for
plankton blooms. Two relevant questions in relation to
risk management concern the length of the lime over
which they occur and the frequency of occurrence of
blooms at mdividual sites. There is a need for more in-
formation on these blooms. The attitude of insurers is
to exclude plankton blooms but to add them back into
the insurance coverage � for a price. The price is based
on the insurartce industry s estimate of what a particu-
lar site is exposed to.

Disease outbreak~ have plagued fish farmers
through the years, The ability ro detect trouble quickly,
or better yet, anticipate the trouble before it breaks out,
is a valuable asset in keeping losses to a miniinum and
to obtaining ~nsurance cover for diseases. Underwriters
are very concerned over the ability of new fish farmers
to spot diseases and treat them. There is a need for p rac-
t ical technical  raining. Some fish diseases seem to he
here to stay. Farmers should be aware of the pattern of
diseases that codd occur at their farms � the time of year,
rhc site, age. and type of fish involved. Recording rhcse
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factors will help farmer~ anticipate the necessary cor-
rective measures. The principle behind insurance of
diseases is that the disease be diagnosed and treated. and
the sound health of the fish restored. The losses due  o
disease cou!d then be subject to an insurance claim.

But what about untreatable diseases? Underwriters
are not going to al!ow a disease c!aim to be tnade in the
first month of a policy and then have the po! icy respond
 o 11 months of a disease. There will be time restric-
tions put on policies for untreatable diseases.

The Hitra discase in Norway has been the most fre-
quent cause of loss there, It appears to bc a recurring
event. The insurance industry in Norway has posed the
question of whether this disease is an insurable risk or
whether the lasses caused by the disease should be re-
garded as a normal calculable operating expense that
should be excluded by the insurance indus ry. 1This
thinking parallels that of underwriters concerning bac-
terial kidn.ey disease [BKD] in British Columbia.! The
losses in?norway due to Hitra disease were enormous
last year. Losse~ due to  he disease and early s!aughter
could be as high as 8,00f! tons or US $45.000,000.00.
There is a need for a ne work of veterinary services and
disease testing facilities to be developed. A database has
to be developed and maintained ta identify precise rea-
sons why projects have fai!ed. There is a need to apply
existing knowledge from the federal and state fisheries
and oceans departments. and from universities. The tech-
nology transfer from the~e groups can shorten the learn-
ing curve for fish fartners.

Is damage caused by third party vessels colliding
with cages'? Once again, in theory, !asses are recoverable
from a guilty third party, but the actual incident must
be witnessed and the third party identified. If damages
are levied, the same prob!ems concerning the ability of
 he third party  o pay must be faced,

Theft is occunng nrore frequently. Vesse!s can come
alongside cages and those on board can steal a con-
siderable amoun  of fish.

Vandalism and Malicious Damage

It is surprisingly difficult to cause a serious loss to
a marine farm � ntore difficult than just shutting off a
valve or blricking a pipe on an on~bore faci! ity. It is quite
difficult tn pollute a marine cage. Proof of this can be
seen when an attempt is made  o spread a drug through-
out a cage.

This- can cause considerable losses. There are one
or two good precautions. One is to surround the cage
site with a f!oating boom to defIcc  surface debri~. Some
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arrangement of large mesh netting below the surface may
provide additional protection. It is good practice to in-
spect the shores near your farm on a regular basis. espe-
cially before seasonal high tides.

If a piece of equipmen  is built and that equipment
does not perform as it should, and somebody loses oui
as a resul . then that party has the right to recover from
the manufacturer. I have no doubt that eventua!!y under-
writers wil! attempt  o recover from a cage manufac-
turer or a net producer or o her manufacturers or sup-
pliers to the mdustry.

This is cal!ed heavy weather damage m the marine
insurance industry, A great deal can be done to reduce
the risks, thereby keeping premiums down and profits
of cage producers and underwriters up.

Just about everywhere cage culture is carried on,
boating of some form or another also is carried on. It
may range from !arge-sca!e commercial marine move-
ments to passing by of pleasure boats. A major part of
the boat traffic will be insured and almost certainly there
will be companies who specialize in marine surveys and
safety checks for underwriters. These companies offer
the cage farmer a readily availab!e source of risk man-
agement advice founded on a wea!th of practical local
experience. The experience covers the mooring of yachts
and fishing boats, which is not unlike that of cages. and
the surveying of docks and wharves and other marine
s ruc ures. There is a great variation in the nature and
effect of tides, winds, and waves.

Very few sites are perfect on all poims when it
comes to heavy weather. Another point is that a corn-
prehensive marine survey repott may well make the dif-
ference bet ween affordable and nonaffordable rates, be-
tween getting or not getting insurance cover. There are
two more pain s on marine surveyors:

Cage farms are expanding � it is good practice to
call on the surveyor once a year or to consult with
him before any major change in site configuration
or changes m marine equipment.
Find out the surveyor's recommendations for
maintenance procedures, for lighting and naviga-
tion warning procedures, and tor safety
equipment.

An area of potential problem for the insurance in-
dustry is product liability. It remains to be seen how the
!iability exposures of aquaculture develop, The treatment
of nc s with tributyl in oxide  TBTO! based paims,  r~
prevent their being fou!ed, provides a clear example of
hou' careful the industry must be in ihe fu ure i ' it is
to steer clear of damaging liability claims arising either
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2.
3.

Liability of the vendor of fish for the transfer of
diseases to the purchaser.

jljty for envmntmentaj damage by fish farnis.
Liability of system designers and builders whose
sysleIns do iln'I illeef spec ificatiolls.

between djfferent branches of the industry or from the
general public

The damaging effoXS Of botulism Inust never be un-
in an industry that is made up of so many

individual producers, Only one careless producer sell-
ing mfected fish can tarnish the IIIlage of the industry.
The liability exposure can be measured and the conse-

e ffcct on markets can he devastating, One need
only loop at the canned salmon industry as an example.

jjity exposures will develop as the industry grows.
There are several areas to he watched:

4. Liability of others for polluting fish faiins.
5. Liability to the general public,

Most of the clarification is likely to arise out of legal
activity in the coming years

CONCLUSION

I hope I have given you an insight into the trials
and tribulations of the aquaculture insurance business
I stress that any fish farmer would be very unwise to
acCept an inaurance quotatinn offered to hiin withOut re-
ceiving a copy of the terms and conditions being offered,
He must carefully consider whether or not those terms
and conditions accurately express what he, himself,
understands will be covered hy the policy he is
purchasing,



MARKETING OF BRITISH COLUMBIA FARMED SALMON

Al Archibald

British Columbia Salmon Farmers Association
West Vancouver, British Columbia

Three areas will be covered here. The first aim is
io provide an overview of the markets for farmed saJmon
and some of the fea urea of those markets. The seconi}
topic is how British Columbia farmed salmon is mar-
keted, the market performance to date, how the market
went in the last year, and more detail about the kind of
product that's coming out of British Columbia. And the
third area to cover is the issue about farmed vs. wild
salmon, and whether they complement or compete in
the market,

BRITISH COLUMBIA SALMON
FARMERS ASSOCIATION

The British Columbia Salmon Farmers Association
is a producers association and we represent over 95 per-
cen  of the 80 or so salmon farmers in British Cnlurn-
bia. We'vc go  pmple doing a variety of different things
from egg allocation to liaison with the government.

We have three major areas of involvement. We are
involved in generic promotion. which means promoting
British Columbia farined salmon to the marketplace as
opposed to the production of any one farm. The second
thing we' re working on is quality assurance and con-
trol. We have a number of programs in that area, such
as developing grade standards and working on quality
control handbooks, manuals, instructional materials, and
support tnaterials. And the third thing we' re working
on is market research. We try to keep abreast of what' s
happening in the marketplace and provide useful infor-
rnation to our members so that they can make informed
decisions about marketing the product.

THF. IVIARKFT FOR FARMED SALMON

Author's address Briush Columbia Salmon Barmen Asstreiation.
Z459A Bellevue Ave, West Vancouver, British Columbia. V7V l El .
Canada.

Markets for salmon are very much a function of the
product form that we are dealing with. When we are
talking about farmed salmon we mean fresh and frozen
salmon as. opposed to total salmon consumption, which
would include canned, for example,

When we started a research project for the British
Columbia Salmon Farmers Association about two years
ago, one of the first things that we did was look at con-
sumption trends of fresh and frozen salmon worldwide.
We warned to identify the most reasonable markets for
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the British Columbia farmed salmon. The results of that
are relevant to the consideration of farmed salmon in
Alaska.

ln Japan, the 1 983 consumption of fresh and frozen
salmon was 273,000 tons, or five times the American
consumption, So generally farmed salmon marketers
look at Japan as having a huge potential. more in the
medium to long term than in the shorl term. There is
some imported farmed salinon being consumed in Japan
right now, about l,500 tons. This is in addition to their
own production. There is definitely a potential market
in Japan, but there are lots of barriers to be overcome.

But what really bodes well for British Columbia
farmed salmon is the size of North American consump-
tion relative to European consumption. The l983 Euro-
pean consumption was about 50,000 tons, and the North
American market about 65,000 tons and growing. British
Columbia has competitive advantages in the North
American market over the other major producers, such
as Norway.

There are two major markets f<ir fresh and frozen
salmon in North America: food service and retail. Fond
service is restaurants or away-from-home consumption.
Retail is basically food that is purchased and then con-
sumed in the home. For fresh and frozen salmon, par-
ticularly fresh salinon, the majority is consumed in a
restaurant. The retail segment is Ihe one that people look
to as having  he greatest potential for growth � super-
tnarkets and specialty stores.

British Columbia Salmon Farmers Association re-
search has shown that farmed saJmon has a tremendous
market potential when its pmduct characteristics are
compared to what buyers consider important. We wanted
to identify those attributes or characteristics that con-
surners considered important. The consumers in this case
were the people in the restaurants, the restaurant chefs.
the buyers, and the retailers. There were a number of
mteresting findings that came out of that, The first one
was size � the market ideally wanted a salmon over 6
pounds, but something over 4 pounds was acceptable.
As long as that criterion was met, there was nothing that
said that Atlantics were necessarily superior to Pac! fics.
So that was very encouraging with regard to what species
to rear. From a marketing standpoint, that was comfort-
ing information to find out.

There is clearly a strong preference for fresh sal-
mon as opposed to frozen. Fresh salmon, and fresh sea-
food m general, is very well liked these days. and this
was confirmedby the research that v e did. Also, quali-



ty was an exucmely important element in sea food con-
s llinptlon.

Another thing we found out was that in some of the
~ that 'Ive looked at. especially in restaurants they
were very much in favor of the pre-cut steak or filleted
ptnduct as opposed to a whole, head-on product. Defit-

ly continuity of supply is one of the key feamres that
fagged sahnon has to offer. That was an interesting
finds.

AB of those criteria ranked higher than the actual
for the product, so there is a tendency to put the

price further down in the priorities behind things like
qutdity and consistency,

Today we have about l 10 sites developed with fish
jtt the water, Production for the year ending December
l987 will likely be l,600 tons, and is predicted to rise
so 3,QjQ-S,000 tons next year. I think that sites of fish
in the water is probably the most telling statistic about
where thc industry is going. We re still waiting for the
production from those sites to get going, For 1989 the
todttction estimates arc l2.000- I 5,000 tons. lt really
is difrtcult to make production forecasts because there
is no reliable system for reporting changes 'm the inven-
tory on hand, and there are varying survival rates and
tstcights at time of harvest among producers,

The primary species reared in British Columbia are
Pacific chinook and coho  also called kings and silvers! .
Thete is soine activity with trout and Atlantics, but
they' re not thc prominent species, primarily because
we' ve been dependent upon wild stocks for a source of

Of chinook and coho salmon, there is more interest
itt chmook. Chinooks seetn to have a lot better features
bath from a production point of view and a market point
of view, There is a strong move away from coho right
ttow.

The fish we are marketing are small-about 4
pottnds And there arc reasons for that. Part of the rea-
son relates to basic biological characteristics. Also, a
kit of people have been selling fish as soon as they reach
4 pounds to raise needed capital. But the most impor-
tant reason, especially with our coho species, is the dif-ficulty in gcning them over the 4 pound limit before they
matute if we somehow postpone or delay the ollset of
maturity through one ofa variety of different ways. the
fish don't perform nearly as well. So as long as we raise
coho and as long as we' re dependent upon wild stocks
for our smolts, we wil] have a lor of small fish.

Ninety percent of our product is going io the fresh
market, with the tnain marketing occurring bei ween No-
vember and May. There's a domestic marker in and
around Vancouver because production in the wild has
been low. We' ve also been looking ai eastern Canada
as well as south of the border

Farmed chinook and coho have lighter flesh color
and milder flavor, with deiicaie flesh and high fat con-
tent. The farmed flsh doesn't have the same degree ol
firmness as rhe wild stocks and soinetimes peopl«««
to de4cate or soft flesh in less than f'avorable ternis.
fhese fish have to be carefully handled. We think flesh

texture will improve over time, but soft flesh seesns to
be associated with farmed salmon generally. To color
the flesh the orange shade typirally found in the wikd
stocks, it is possible  o use synthetic pigment. The iiuld
flavor tends to be associated with the diet. Recent re-
search indicates that the typical fish meal based feeds
used in the industry produce salmon with the same
omega-3 fatty acid content levels as wild salmon, and
the potential to manipulate lo even higher levels if re-
quired. Fish are what they eat and if they are fed diets
that are high in herring meal and other products, the
omega-3 fatty acid levels will be similar to what you' d
find in wild stock

THE MARKET FOR B.C. SAI MO>
There are certain compentive advantages that British

Columbia saltnon farmers have in selling to some near-
by marketplaces. Transportation is the obvious one. The
cost to air freight fish from Norway to mainland United
States is over $2 per kilogram or over $1 per pound.
We can truck British Columbia salmon to California for
fo. l5 per pound, and we can fly it to other parts ol the
United States at significantly reduced rates,

British Columbia has good growing conditions, We
also have a good mspection program in British Colum-
bia, and that has given us a positive image.

The exchange rate is important as well in that our
dollar tends to follow the U.S. dollar. Lately the U S
dollar has been falling relative to some of the European
currencies, for example, and that prices the European
product much higher in the United Stares.

We also have some disadvantages. The first one is
high production costs. That largely stems from the new-
ness of the industry � the capital intensity of the industry.
We won't be producing inexpensive lish, at least mi-
tially.

Second. with the quick growth of the industry there
was a tremendous concern for getting organized quick-
ly and for getting fish in the water and therefore soine
decisions were made that weren't necessarily to our
credit. We hope that will be corrected over time.

Figure l shows the harvesting and processing op-
tions for farmed fish. The channels by which fish move
from the net pens to the marketplace in British Colurn-
bia are similar to those that Alaskan farmers and proc-
essors would use.

There is some integration between the wild sector
and the farmed sector in British Columbia. Many of the
fish packer vessels are being converted to handle livehaul of farmed salmon to processing plants during
off-season. Fairried fish can be sold fresh in the winter;
the vessels can be utilized during a season when they
would normally be idle.

The live hau! method tends io be more popular
around the Sunshine Coast, in the southern coastal area
of British Columbia. Some of the main processing com-
panies have facilities in Vancouver. The companies go
out to net pens and pump or brail fish live out of the
pens and transport them to the processing plants. This



Figure I Itarvesting and processing options for farmed fish.

technology has grown rather quickly. In Novetnber 1986
operators had not yet successfu!!y comp!eted a live haul
transfer of market-size fish, but by March !987 it had
become standard practice. There are still some problems
to be overcome and some issues to be resolved, but live
hau! is becoming an important means of moving fish
froin net pens on their way toward processing plants.

A method that is becoming common in the Camp-
bell River area involves a transport vessel that moves
the fish to a processing p!ant where it's dressed and
boxed. The fish are slaughtered at the site, but processed
at a plant off the site. There are three or four operations
that have net pen sites and are themselves registered li-
censed processing plants.

There is quite a lot of variation in shipping a prod-
uct, as shown in Figure 2. It ranges from the fisherman
or farmer selling direct!y to a consumer to very com-
plex channels. There are various middlemen or inter-
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tnediaries involved in moving farmed salmon. This is
true for any seafood product and many other food prod-
ucts as well. We find that as production grows and as
farm units grow, more middle peop!e are involved in
the selling function.

There are five major se!ling options for British C o-
lumhia farmed salmon. About 10 percent is direct sell-
ing. where a farmer takes his tish to a specialty seafood
shop or a restaurant. This typically involves a domestic
sale in the Vancouver area and British Columbia. If
volumes are low, direct sel!ing is common, but with high
production this changes.

Thirty to forty percent of sales are through iradi-
riona! fishing compames. The processors of wi!d fish
live-hau! salmon to their plants in Vancouver. They use
their existing sa!cs force to sell an added item to their
product line. They are becoming more aggressive abtiut
getting out to the farmed salmon supplies. This is at-
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'R«e 2 Distribution channels fur fish.

tra«i « to many farmers because they have capital con-
straints and are tied down to their Farming. and many
would rather not have to worry about the steps beyond
thar stage.

~bout l5 percent of sales are through the large, of-
icly funded, aquaculture companies in Brit-ish Columbia. brome of them have links with existing

p~ ~~ Others have established their own marketing
groups We' re finding that they also are try-

pply hum the small Farmer . Su the aqua-

culture companies are beconung an important means by
which Farmers can sell their product.

Norwegian export companies account for 25 per-
cent of sales, They are primarily looking at a North
American marketplace, There are many Norwegian
companies who have links in the U.S. marketplace attd
are selling Norwegian salmon. These companies are be-
ginning to add British Columbia farmed salmon as a
product line and are some of the biggest movers of
farmed salmon in the northwest.
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Pncc to termer t88%
recovery 1

Price to farmer  dressed!
Processing ctssts

iincioding bot and ice i
Transport to processor
Total pri ce P .O. B

processing plant
Transport to market
Market commis~ion {8% I
Total price to wholesaler

3.10
3.502. 70

0.45
0. 15

4. 10
0. 15
0.35
4.603.50

Sma!I Fish

The first challenge is small fish. There is no doubt thai
the smaHness of the fish we' re producing is causing some
sigruficant problems. It means that the prices we' re re-
ceiving are lower, in many cases, than those that were
forecast in business plans.

The small size narrows the. market segment to which
we can sell our product. The Norwegian imports and
the !arger salmon have typically been sold in the white

Canadian Canadian New Zealand
coho king king

Norwegian
Atlantic

Scottish
Adanttc

Chilean
cohoWeight

2-4 1bs
4-6 Ibs
6-9 ibs
9 lbs+
2-3 kg
34 kg
4-5 kg
54s kg

3. 20-3. 25
3. 30- 3. 25
3.60-3.70

3.40-3.45
3.60-3.70

3,75

4.25

't 80-3.85
4. 00-4. 05

4 304.40
4 35< 45
4 45-4 55
4 554 es

4 45<,55
4 554 es

Table 1. Pricing slructure for Srttish Columbia lnrmed salmon,
per pound.

Sma!ler export-import and tradiiig coinpanies ac-
count for about 10 percent of the sales. Our resources
industry already has a strong link with the Japanese mar-
ket, and several firms are trying to get access to the Jap-
anese market,

We have a host of brokers and who!esalers serving
the wild fishery who are trying to buy farmed salmon.
When we have a demand outstripping supply, the farmer
has no problem finding potential buyers. The problem
is sorting out good buyers from the bad ones.

Table I shows the pricing structure for British Co-
lumbia farmed salmon. It gives some indication of cost
and returns that exist from the farmer to thc wholesaler.
These are illustrative prices based on the situation that
existed last year. This should give the reader a feeling
for how the price to the fa.rmer gets translated into the
price for the wholesaler. In British Columbia, a rough
ru!e of thumb is that the price to the wholesaler F.O.B.
Vancouver is roughly $1. 10 to $1. ! 5 higher than the
price to the farmer for a dressed pmduct at the farm gate.
This varies depending on where the farm is located and
how far it is from the market, and particu!arly what kind
of link the farmer might have to the inarketplace. The
$! . 10 excess includes processing costs at the process-
ing plant, transportation costs to the processor and from
the processor to the marketplace, and a brokerage or
commission. Many of these standard processors are
9 orking on a coirunission sales sort of basis, so that' s

Table 2. Fresh farmed sahnou prices, l;0.8. tleattte, lvlarch 1987.
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an average that Seems tO be appeartng in the indust
The US $3.50 F.O,B, Vancouver price is not bad for
the middle of the season last year.

The information in Table 2 is from Seafottd Pri< e-
Current, March 21, 1987. published by Urner, Barry
Ltd. This twice-weekly publication has started to list
farmed salmon prices. and is a fairly good indicator. Last
year we had a lot of farm-raised Canadian coho in the
2 lo 4 pound range, which is considered a no-no. There
was a feeling that the amount of saltnon we had in that
sinai! size was pu!ling down the prices in the entire
species of fish. But I mentioned earlier that the price
was US $3,50 F.O.B. Vancouver. That's close to the
price on the table � US $3.30 to US $3.40 for 4 to 6
pounds last year.

Also. the chinook  or king! prices were higher than
coho. It is unclear whether that's due tn the nature of
the beast. the fact that it is a more premium fish even
in the wild markets, or the fact that average size lends
to be bigger.

British Columbia farmed coho salmon traded fair-
!y close to the price of the Chilean coho last year. and
rough!y $1.00 less than the Atlantics. The latter is a trend
that is continuing, and we feel that's a problem that will
remain with us as long as we' re producing smaller fish
on an inconsistent basis,

Prices from last week were up quite a lot � $4.50+
for 4 to 6 pound Canadian coho. Fish is pretty short right
now. That gives an indication of the volatility in the fresh
salmon markets. It delnonstrates the law of supply and
deinand.

CHALLENGES FACING THE INDUSTRY



WILD VERSUS FARMKD SALlplvt INTERKSTS;

Consistency of Supply

Production Coordination

Pnxtuction coordination is the fourth challenge T""s
is related to the grciwth pf the industry Tlie mam p'~
ducers are moving 40 io 50 percent of the product- .e
still have lots uf sellers, One of the advantage»f f~
salmon is to be able to coordinate production and bring
ihe fish along consistently over a long period of iime-
That s very difficult to do it there are a lot of
sellers with small production. This kind of product»"
coordination will be very important as the industry
moves forward in successfully inarketing their product-
Right now, there is some coopers«ve selling and there
are still a loi of small setters oui there.

+bt loth resuturant marketplace. What we' re finding
;s that a lot of our product is moving in the retail outlets.II s Just not a product that' s- big enough io be sold in
restauranb That inay change over time, but not for the
next two of tllfce years.

Tbe second area of challenge is quality. Because the
ustry has grown so quickly, there are a lot of people

out there who are new at the business and there is con-
siderable variabihty in the quality. That wiB definitely
change over time. It's something that we' re working on
at thc association, but as it stands now, there is con-
siderable variability.

The third challenge is achieving consistency m sup-
ply. There's definitely potential for fanned salmon to
be sold on a year-round basis, but we are far from that
now. ntc primary marketing season is Noveinbcr
through May, Unfortunately, a lot of our coho that
haven't been neutered or otherwise modified, mature at
the same time as tbe wikt txiho. Therefore they tend to
be sold in a very short time period in August and
September and at that time they' re just getting up to
abotu 4 pounds. With chinook, we' re finding that to
achieve that 4 pound mmimum for the best prices in the
marketplace, and to get our product in before the wild
season starts, we sell in February through the end of
May.

Last year the wild season wasn't as promising as
ii had been in previous years and there were people who
were marketing farmed tish through the suminer and get-
ting good prices for them. Right now the production
strategies arc geared toward getting most of the year
class out before hhy and June. But this is just a three
iir tour month window unless we want to sell sinaller
fish. which is what happens too otb,'n. But this is ex-
pected io change, Farmers compare this year's class with
ihe equivalent age class last year and they say they are
ahead in weight gain and everything else.

Wdd vs farmed salmon is a very comphcated is
sue and it needs a lot of analysis But the impact of the
conti ict is exaggerated. The markets are coinplicated for
salmon and so much depends on what species we are
talking about, how it's caught, wha  product forin it' s
going into, and finally, what market segment we are sell-
ing in.

When it comes to farmed salmon, 1 think the follow-
ing points should be made. First of all products do not
compete unless they are substitutes for each other.
Canned salmon doesn't compete with troll-caught
salmon, bui ihe issue gets a little fuzzier as you con-
sider other products.

The market for Alaska troll-caught salmon prirnanly
has been in Europe, for smoking, whereas fresh salmon
from British Columbia is sold fresh in the U,S, market-
place Therefore there isn't a conflict between Ihe mar-
kets that these products arc serving.

With regard to the product form, fresh vs. frozen,
there are some interesting issues that should be raised.
Research that's being proposed will address these things.
The buyer for a white tablecloth restaurant usually witt
not substitute frozen salmon when fresh is not avaihbte;
he will buy another lund of fresh fish. Clearly, our com-
petitors for tresh salmon are other fresh seafoods as op-
posed io the frozen variety,

Consideration of diA'erences among market seg-
ments and among markets in foreign countries is im-
portant in the farmed vs. wild salmon debate. The white
tablecloth market has different criteria and different buy-
ing characteristics from the smoked one, And, similar-
ly, the situation in the United States is a lot different
from Europe. So to determine the extent of coinpetition
between wild and farmed salmon, one has to examine
the degree of interaction in each distinct market,

There is a lot of room for growth in the North
American marketplace, which is what British Coluni-
bia farmed salmon is going to be using for the majority
of iis sales, This growth can't just come from domestic
sources. Already 65 to 70 percent of the seafood that' s
consumed in the United States is coming from outside
the Uni ted States. Clearly, to fill the deinand for sea food,
we wholesalers are going to have to look outside the
United States for supply sources,

Analysis of data suggests there is lots of room for
U.S. seafood consumption growth. The overall growth
in seafood consuinption per capita in the United States
betweeri 1982 and 1986 was 20 percent. However. sea-
food consumption for fresh and frozen products other
than shrimp has gone up only 6.3 percent between l 982
snd 1986. 1 believe growth has been low because of a
lack of supply. That is why prices and deinand are high
and thai is why consumption is nol growing at the rate
we would expect. The problem is the non-availability
of the product. One of the most important things to keep
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iri tnind is that our research indicates there is a lot of
potential demand out there. North Americans want to
consume morc seafood. There is room for growth for
farmed salmon and there is room for growth for wild
salmon.

With our wild catches near or exceeding their max-
imum sustainable yields, aquacuhure is one of the rna-
jor ways in which the need for increased supplies can
be met. Farined salmon has the ability to fill the gap
hetween the amount ol salmon North American con-
suiners are prepared to buy, and  he amount that will
be available from the wild lishery in the future. ln such
an expanding market, there is clearly room for both
sources of product.

One last point is  hat it has been demonstrated that
higher quality farmed salmon can command higher
prices. That is important because for a iong time much
seafood has been traded as a commodity, and efforts to
improve quality in the wild fishery haven't necessarily
translated into higher prices. So this development ac-

tually improves the market prospects and returns to
fishermen who produce a high quality wild salmon,

l would like to express my thanks to the conference
organizers for inviting me to give my talk,

Ql'ESTIOlsfS AND ANSWERS

Q. You made the statement that your egg supply
comes from wild stocks. But don't the eggs, in
fact, come from enhancement hatchery surpluses?

A. Right. The point that 1 was making was that the
eggs are not domesiicated in any way. The eggs
do not come froin fish thai have spent their whole
life in pens in a domesticated situation.

g. There is one producer whose fish spend their en-
tire life cycle in net pens. For those nf us who have
labored long and hard in the enhancement program
to hear him refer to hatchery eggs as "wild" eggs
is something that warms the cockles of the heart.
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able to get one to hatch in o
<p!«hybrids hatched nearly at

y t the level duu the chum-mother f
progeny wo uld hatch We had

10 percent handling ma
laboratory and in the fiekl we ve seen this morta!t ty in

up to as high as 50 percent. We don't feel thai
makes this hybrid any less useful; the cost of churn eggs
is very Iow and if we need to take iwo eggs to make
one good pen farining hybrid, we think thai that's an
acceptable cost.

[JULIA OF GVNOGKNESKS

The gynogenesis process that I described ear!ier
generates production amounts of all-female progeny.
The advantage of raising a!I females are many. The first
thing that comes to mind is that for someone raising all
fcma!es, a lot of eggs are necessary to rapidly increase
a brood stock. And thc other is the potential increase
in value of a commercial roe fishery.

Europeans and trout farmers in Washington ac-
comphsh thc production of all females by maintaining
a captive male brood stock on the side. The male brood
stock is formed by using induced gynogcnesis to first
produce thc inbred all ferns!es. The individuals are sex
reversed  which is very easy in salmonids! into males.
Those males will produce only fema!c progeny. The
sperm from those ~ is used to fertilize the eggs fram
thc outbred popu!ation, Those will all be females, and
if raised to maturity, will a!! produce eggs. Thc eggs
from the maturing priiduction fish then can be sex re-
versed again to perpetuate the capti ve male brood stock.
And in that way, aRer gynogenesis, there is no addi-
tkina! chromosome set manipulation; the population of
ag females will be self-perpetuating.

!'m not comp!ete!y certain that these techniques willbe uiuversally applicable in ocean ranching or uct peu
farming situations, but I think there are a number of
cases in which that will be possible. There are advan-
tages to ocean ranching, both public hatcheries and pri-
vate, regional association-type hatcheries, The benefits
are threefold. First, there is an increased price to the
fisherman, but in addition there's a reduced rcquiretnentfor briiod stock which makes processing at the hatchery
level s lot easier and elimmates the probleiu of preco-
cious males.

A po! I was made of Southeast Alaska processors toget a general sense uf the price they would be willmg
i«pay far progeny that were mostly female � not all fe-
ma e. bui mostly I'emale. The results of the po!! weremale.

striking. The price~ in I 987 apparently were at a high,
because fish were ai a premium. The numbers wereabsxit $0.3 I a pound for pink salmon and S0.55 a pound
for chum sa!mon ui f987. And ihe processors as a wholesaid that had the sex ratio been 4:!, females ia males,they would have increased the price to $0.37 for pink
and $0,69 for chum.

After talking with the same processors al Iengtli,

the general sense was that in years when the price for
pink and chum in the terminal fishery is extremely !oss',
the price for populations the are skewed toward most-
ly females would nearly double. It would be nearly IO0
percent additional value because of the presence of eggs
And in years like l987 when fish are at a premium, t!xe
increase in value is not nearly so much.

The additional benefits io the fishing cominunity t!tat
I had not even thought about were the fact that the irt-
creased value in price of these mostly female popu!st-
tions would greatly accelerate the debt service for re-
gional associations and that acceleration of debt service
wou!d immediately put more tish into the comltan prop-
erty fishery.

Is,ET pEN FARMTNG

Th, work d,at rvedonelow~ net pen f~g nd'
production is prunari!y with the hybnds But obvious!y
there is a potential utility for this sex control techno!ogy
in net pens primarily because farmers have ihe re!ative-
ly easy option of maintaining the captive male brood
stock.

The advantages of pen farming operations are the
same as for ocean ranching operations, except for the
greater impact of loss due to maturing males in n.et pens.
As I understand it, aside from disease and nutrition, one
af the biggest problems or concerns of net pen farmers
is loss due to precociously maturing inales.

The trout farmers in southern Idaho have found that
by rearing female-only popu!etions, the groups of fe-
males in a raceway tend to grow at rates similar to one
another more so than the groups of mixed-sex fish. And
as a consequence, they do not have to handle and grade
them quite so inuch. And they also have found that the
feinales grow ta their small size  that is the pan size!
in about 11 months, whereas the mixed-sex, with the
hand!ing and the grading, take about � months. So
that's one additiona! advantage of the one-sex culture
over mixed-sex culture.

These advantages don't come without some costs.
And the costs are similar to what they are in adapting
to any new stocks and new situations, Fortunately, now
the governments in the United States and British Co-
lunabia are paying for a substantial portion of those sdap-
tatian costs. The real cost is the cost of maintaining the
the captive male brood stocks. And for farmers who
maintain a captive mail brood stock already, it's not an
additional cost at all.

To summarize, some of the advantages arc:  ! ! the
increased value of the harvest, �! the increase in the
aHowable rate of harvest in the public hatchery sector,
and <3> the potential to increase the profit for a!! k inds
of private aquaculture.

Again, the technologies that we' re talking about are
innovative and are nat restricted to Idaho or Washmgtan
or Alaska. The Japanese, the English, tbe French, and
 unfortunate!y a little late! the North Americans, now
are taking a look at what we can do with .simple chrorti-
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osorne set manipu!ations. And most of it can be accorn-
plished in a bucket of hot water.

I would like to say thanks to Rick Harris. He has
been a real help in getting me to realign my thinking
to look for economic benefits in the exciting scientific
results that we' ve been getting in the lab.

Q

A Q A

Q

A Q A.
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QUESTIONS AND ANSWERS

Over !unch we worked out what the difference was
in the pink salmon harvest. What were the numbers
for Prince William Sound if they were all females?
Somebody mentioned to me that there were about
27 rni!lion pink salmon at 4 pounds apiece that were
harvested in Prince Williain Sound, and if you mul-
tiply that by a dime apiece, you come up with an
increased revenue to the individua1 fishermen of
$20,000 apiece. So we' re not ta!king about snia!i
dollars. And that's with 1987 prices.
There has been some speculation about the environ-
mental or eco!ogica! hazards of stray ing fish. Would
you guess what the !ikelihood is of those kinds of
things happening",
I think that the ecological hazards are primarily go-
ing to be associated with ocean ranching, Right now
we' re only working with hybrids in a net pen situa-
 ion. The concern thai a lot of people have is what
would happen if these hybrid fish would stray and
try to spawn with the natural population. Part of the
funding that is supporting the research is for look-
ing at that very question. I wouldn't advocate the
wholesale use of hybrids. On the other hand, this
a!l-female phenomenon is coinpletely different.
When you' re working with native stocks and you' re
producing al! fema!es, those females have an iden-
tica! genetic component with all other females in
the popu!ation. Ali we' ve done is eliminate the
males, And none of the fish that we produce for
either pen culture, raceway culture, or re!ease
would be in any way different. They are identical
to the native stocks.
Can you eliminate freshwater rearing of hybrids?
Absolutely, The sea water chums that I did were
started at the 0.S gram stage and I took them up
through a gram or so over a 3-week period, My
findings so far are that the mean plasma sodium
level in the hybrids is idennca! to the p!asma level
in the chum saimon, at the 0,5 to I grain stage. The
coimnercial farmer who is growing them in sea-
water took that into account in raising them to 2
grams before transfer and had no problems at ail.
Wou!d the chum-chinook hybrids mature?
That's what we' re studying right now. The evidence
is that the females won' t. There is a possibility that
the males will. If the males did mature. they would
still be sterile but they might take on the secondary

sexual characteristics of a normal male and try to
spawn. Therefore we' re trying to find that out
before we do any who!esale releases.

Q. But they would be ster!!e. There wouk! be no genetic
intermingling.

A. Right, That's the way fruit flies are controged, I'm
really excited about these techniques, but we' re nol
advocating that every hatchery install a bucke  of
hot water and dip everything in it. I'm real!y irn-
pressed with the way people in Alaska are ~h-
ing these new techniques, because there are a nuin-
ber of really high qua!ity experiments going on in
Anchorage, Ketchikan, Little Port Walter, etc., who
are investigating the utility. There is a good chance
that sometime in the future you wi!! see these tech-
niques applied.

Q, If on!y hatchery space were needed, and no rear-
ing pond space, how much would a farmer save in
production costs to be able to immediately put the
fish into salt water?

A. I haven't worked that out, but I know that the
growers with whom I'm working are really excited
about it because they' re also raising steelhead,
chinook, coho, and Atlantic salmon. They' re pay-
ing  depending on the species! up to a dollar a smo! t.
And these hybrid smolts conceivably would cost a
few pennies apiece.

Q. If a population of females on!y got mixed in with
natural stocks and as they matured they produced
more females only, wouldn't that eventually cause
a ass of the male ability to reproduce, because ina! e
population wou!d be inst?

A. No, because if normal males fertilize the eggs from
the female-oniy individuals, the ratio of the off-
spring would be normal. That's the real delight of
this system. The production of a!i females in this
is in no way altering the genetic integrity of the lo-
cally adapted fish. These are basically wi!d fish. Ail
we' ve done is eliminate the male component in the
hatchery. If those lish stray and spawn with other
fish in the same area, then they are the same as
native feinales.

Q. What possible change could occur in the wild with
the hybrid chums and kings?

A. Only one thing couk! happen. If sotra: of these males
did take on secondary sexual characteristics and re-
turn to their native stream, or return to below the
stream, they might try to spawn with a native fe-
rns!e. These males are sterile, and if they did com-
pete with the king males or chum males, they would
be shooting blanks and the spawn frinn  bai female
would be zero.

Q. What would that female be like!y to go after, pinks
or chums'?

A. That'> really speculative. They might try to go after
brook trout, but I don't know.

Q. ! know thai chum> in nei pens are very suscepiih!e
io vibrio. Do you have any experience v,itb vibrio
with your production of the bybrids or v ere ibey
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vaccinated?
yes. they were vaccinated. My understanding is that
the water in South Sound is a little bit wariner than
it is elsewhere and that vibrio is a problem with all
fish down there. It has been speculated that the hy
brids are more disease free than either kings or

s, I don't know if that's true or not, but it is
certainly something that we should look at,

Soine of the legitimate concerns that have come
out deal with what might happen if these fish stray.
It turns out that nothing will happen if they stray.
I think there will be a tremendous way io enhance
sport and troll fisheries. They' re a vigorous, good-
looking, fast-growing fish.

Q. I'm new to this game, but isn't the number of brood

stock and the male: female ratio iinportant to mam-
tain as large an intact pool as possible? And if this
decreases the number of brood stocks, are we not
watering dov n the pool' ?

A. The only tirnc that really is a factor is if you' re deal-
ing with the California condor where you have on-
ly a few of them anyNay. ln ternis of salmonid
hatcheries, where you re dealing with hundreds  if
not thousands! of parents, you can maintain the
genetic variability by using as fe~s as 200 of the least
common parent; in this case. males. I understand
that about 200 of each sex is the recoinrnended
minimum in the state of Alaska's genetic poUcy. The
kind of thing we' re advocating here is certainly not
going to reduce the genetic variability.



DISEASES OF SEAWATER REARED SALMON
IN WASHINGTON STATE

Michael L. Kent and Ralph A. Elston
Battelle/Marine Research Laboratory

Sequin, Washington

lVf ETAZOAN PARASITES

PROTOZOANS

Net-pen rearing of salmon is well established in
Isiorway and Scotland, but large-scale production by this
method is relatively new in North America. Coho sal-
mon  Ortcorhynchisr tasurch! and Atlantic salmon  Sauna
satar! are the species most commonly reared cornmer-
cial ly in seawater net pens in Washington State. Chinook
salmon  O. tscha»ytscha! are reared by the National
Marine Fisheries Service, Manchester, Washington for
mitigation and research purposes, and this species is be-
coming more popular in coinmercial net pen operations,
The Bane!le/Marine Research Laboratory provides diag-
nostic services to fish farmers in the state. We have
observed new pathological conditions in pen-reared sal-
mon in Washington m addition to diseases that previous-
ly have occurred in European pen culture. Reponed here
is a summary of diseases observed in pen-reared salmon
from 1985 to 1987.

Although helminths were occasionally observed in
ihe guts of moribund fish at necropsy, we have observed
only external copepods  Lepeophihei ms salrnonis! in suf-
ficient intensities to consider them significant pathogen s
Iwpeaphrheirrrs sabnonis, commonly called the salmon
louse. is a cosmopolitan parasite that has been reported
io cause epizootics in pen-reared salmon in Scotland
 Wootten et al. 1977!. Moderate infestations were as-
sociated with dermal ulcerations on both coho and At-
lantic salmon reared in Washington, but severe epizootic
episodes such as those seen with heavy infestations as
reported in Europe have noi been observed,

Epizootic diseases due to protozoan parasites are
common in aquaculture, and several are significant
pathogcns in pcn-reared salmon. Wc have detected Par-
vicapsirla sp.  Myxosporea: My xozoa! in kidneys of
coho salmon. The parasite sporu isles in the epitheliuin
aud lumen of the kidney tubules, causing tubular degen-
eration and kidney hypertrophy  Hoffman 1984 John-
sione 19841.

Paranioeba pemaqrzidenri s  Amoebida:
Paramrsebidae! was also observed on the gills of coho

Aiiihors' address. BaiieueiMaririe Resosn:h Laborritory. 439 West
SOtiriiO Bai Rd.. Scsiuini, WaShiirgiOri 9S392.
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salmon after seawater transfer. Intense infections have
occurred in the fall and winter months, particularly in
1985, and affected fish showed severe epithelial
hyperplasia of the gill, which resulted in f'usion of the
secondary lamellae. Though other ParansorH+ sp, are
parasites of invertebrates  Sprague et al. 1969, Jones
1985!, P. pernaqi4idensis is norm8y free living, and this
is the first report of Paramoeba infecting fish.

A similar amoeba has been associated with gill di-
sease in seawater reared salmonids in Tasmania  Mon-
day et al. 1988!. External parasites such as these gill
amoebae are easily eradicated when fish are maintained
in confined ponds or raceways by applying chemothcra-
peuts s io ihe water. This is difficult when fish are reared
in net pens, which have a constant water exchange. For-
niatin and other chemotherapeutics were ineffective in
controlling amoebae  Munday ei al. 1988!. However.
the parasite is apparently a strict marine organism and
a reduction in salinity eradicated the parasite from coho
salmon maintained in seawater tanks  R.P. Hedrick,
University of California, Davis, personal communica-
tion!. We are maintaining the organism in culture, and
it will be useful for drug sensitivity tests and transmis-
sion studies.

We have «iso detected a microsporidian similar to
lama ra~  Microspora! in the gi!ls of coho salmon.
The parasite is a recoImized pathogen of chinook sa nion,
O. rschawytrcha  Hauck 1984!, but this is the first time
it has been reported to cause disease in coho. In con-
trast to chinook sa!mon infections in fresh water, the
parasite caused severe interstitial hyperplasia in the gills
of coho after they were transferred to seawater. Fish
become infected in fresh water, and initial observations
indicate it is not spread in seawater pens. Therefore, the
disease can be controlled by preventing infections in
salmon during their freshwater phase of development.

Two interesting protozoan pathogens have been ob-
served in chinook salmon maintained in net pens by the
National Marine Fisheries Service. A microsporidium
infected the nuclei of hemoblast cells of the spleen and
kidney in three-year-old chinook and was associated with
severe anemia  Elston et al. 1987!, Also idemified in

tistan rasite of undetermined taxonomic status, com-
monly called the rosette agent  Elston et a .. ar-
is n pii

t al. 1986. Har-

rell ei al. 1986!. This parasite infected inflammatory
cells of the spleen and kidney and 9 as associated with
enlargement of these organs. Over 80 percent morialiiy



groups of salmon infected with the parasite
during an eight-month period in I 983 and 19&4.

BACTERIA

crerutrrt salnsoru'rtttrttrrt, the causative agent
of bacterial kkhtey disease of salmomds, was detected

both coho and Atlantic salmon. The bacterium typical-
ty causes a chronic inflainmation of the kidney intersti-
tium, spksen, heart, and other organs  Fryer and Sanders
I981!. It can be transmitted either horizontally or verti-
cally within eggs  Evelyn et at. I 984!, and the disease
is often exacerbated after infected fish are transferred
to seawater. Bacterial kidney disease has occurred in
seawater net pens in Europe, and it is widespread in net
pena in Washington and British Columbia, Coho and chi-
nook salinoa apparently are affected more severely thaii
Atlantic sabnon, and the disease is prevalent through the
spring aiul summer. No consistently effective drug has
been identified to control BKD, and the pathogen is con-
sidered by many to be the most significant cause of
disease and mortality in pen-reared Oacorhyrtckus spp.
in thc Pacific Northwest.

Vibriosis, caused by Vibrio urtguiiiururrt and V. or-
dalii, is a cosmopolitan disease which infects salmonids
and other species cultured in seawater  Novotny 1978! .
The bacteria cause septicetnia, and th» ~ is exacer-
bated at higher temperatures. We have isoiated V. art-
ga'Ifantm frown coho during the summer, but it may have
been a secondary invader, because most of these fish
were also infected with Rcrtibncieriurn sabnoiu'narian.
We have also isolated Vibrio spp. from Atlantic salmon
that exhibned visceral hemorrhages. These isolates were
senslogicatty distinct from V, artgttiiianurt and V, or-
dalii, and their role in the disease is unkiiown.

Furuncutosis, caused by rteromaitns safrnorn'cuk.
often causes severe disease in freshwater fishes. As the
culture of fish in seawater has inc~, this bacterium
has beeii recognized as a pathogen in seawater as well
 Novotny I978!, and we have observed epizooucs due
to this pathogen in net pens in Washington. As with
Rmibnrteriurit, epizootics may occur in satmon with la-
tent infections following transfer io seawater  Cox et al,
l986. Smith et al. 1982!. Although the bacterium often
iiriginatcs in fresh v aler, it apparently can survive and
spread in s«awatcr tScim l 968!. In addition, infections
have been repiincd thai are restricted io marine waters
th1orrison ei at

We have isolated a ntarine C!rophagts sp, from skin
and muscle lesions in Atlantic salmon  Kent et al.
!988a! Cyrophaga psych rophi la and a related
bacterium, Fiexi barter coiirrnriaris, are welf-recognized
surface pathogens ot freshwater fishes  Anderson and
Conroy !969!. but the taxonomy of members of these
genera which are associated with discase iil seawater-
reared fishes is poorly understood pnty C. maririrrtus.
which causes disease in cultured sea bream in Japan,
is welf-described  Wakabayashi et al. f986!. Shortly
afte water mtroducuon, the C>tophttgu sp. which wc

have observed in Atlantic salmon caused skin lesions
that ultimately developed mto large ulcers extendistg into
the muscle. The ulcers were focalized in the posterior
region of the fish and were particularly prevalent in fish
mtroduced in the spring of l985, 1986 and 1987, Wet
mounts and histological sections of the lesions revealed
massive nuinbers of Cyropisaga-tike bacteria. In l987,
we isolated a Cytophuga sp. frotn these lesions that is
serologically and biochemically distinct from the other
known Cytophaga or FlexibacIer pathogens of fish. We
were able to induce the skin and muscle lesions in fish
exposed to this bacterial isolate in the laboratory, which
indicates that is it the etiological agent of the disease.

IMOPATHIC DISEASES

We have observed a condition similar to pancreas
disease in Atlantic salmon reared in Washington  Kent
and Elston l987!. Pancreas disease is a syndroine that
affects Atlantic salinon reared in Europe during their
first year in seawater. Fish become emaciated, and
histological examination reveals diffuse necrosis and
atrophy of the exocrine pancreas, The cause is unknown
and researchers in Scotland have proposed various
etiologies; Ferguson et al.   l986! suggested that the con-
dition may be related to vitamin E and selenium defi-
ciencies, whereas Munro et at.   l 984! reported epizoo-
tiological evidence consistent with an infectious etiology.

Toxicopathic liver disease was observed in Atlan-
tic salmon rmuntained in net pens in Port Townsend Bay,
Washington  Kent et al. I 98 gb!. Severe diftuse necro sis
was observed approximately three months alter smolts
were introduced to seawater in l 986 and again in l 9g7.
Exainination of surviving fish revealed basophilic foci
of regenerating hepatocytes, intermixed with ceUs under-
going hydttipic degeneration, and parenchyinal cells with
nuctear inclusion and enlarged nuclei. The tatter is siini-
lar to tnegalocytic hepatosis of flatfish from polluted
waters in Puget Sound  Myers e  al. l987!. Ultra-
structural examination of the nuclear inclusions revealed
that they originated from cytoplasmic invaginauons, and
no viruses were detected. The disease is likely caused
by a waterborne toxicant, rather than the feed, because
Atlantic salmon fed the same diet and inaintained at Port
Angeles never exhibited the liver lesions,
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SITE SELECTION CRITERIA FOR
FINFISH FARMING IN ALASKA

Curt Kerns
University of Alaska

Juneau, Alaska

The information in this paper has been garnered dur-
ing my involvement with salmon ranching at the Univer-
sity of Alaska over the last ten years. Also, for the past
three years I have been involved in a study of the selec-
tion and effects of a salmon farming site, located in
British Columbia.

The matter of selecting a site is absolutely critical.
It is a decision that a farmer lives with for the rest of
the time he operates the farm. Don Nicholson shared
an important insight when he said Aat the worst time
to look for a farm is before we have operated one.
because we have the !east amount of knowledge about
the p~ss, organisms, and the important characteristics
that riiake a farm viable.

There are numerous criteria that need to be used
in choosing a site, The physical priorities that appear
in articles on site selection are reasonably straightfor-
ward. Even though a particular site may not fit within
the range of values given, it is possible to make ad-
justments for shortcomings if you have enough capital
and if reduced profitability is acceptable.

There are many farms in British Columbia that have
been successful. Criteria are being devciopcd that
indicate the general range for u site, particularly in
physical matters such as those ! istcd in Table 1. The main
factors include water temperamre, disso!ved oxygen,
water depth, salinity, the absence of pollution, current
velocity, hydrology of the area, predators, marine plants,
winds, and wave heights, At the end of this article are
further references on the subject.

The most important step in choosing a site is to take
stoc k of your abilities that will be directly involved with
the operation of the farms. Ask yourself what you are
capable of, what you are comfortable with. Some in-
dividua!s use a skiff, a 40-fl long or i00-ft long boat,
as readily as others use a pickup truck, If your spouse,
like mine, rea!ly would not prefer to spend the next ten
years in a remote location, you had better look for sites
that are quite accessible.

You may wish to join in with others. Are you com-
fortable with the complex world of finance? Of fisheries
biology? If not, you may wish to teain up with persons
who are.

Next decide what your objectives are. Do you wish
to amass capital and build a large company? Or are you
looking primarily to implement a life-sty!e?

Avihor'S addresS: 3045 L+COii Rd., Derunae IS�Sd, BritiSh COlmn-
bia, vott 170, canada.
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A system of weighing factors is suggested. You may
look «t a large number of prospective sites. Assign points
on some arbitrary scale to each of the physical, bio!ogi-
ca!, and cultural factors. For example, a 0 would mean
rejection, a 5 means so-so, and a 10 is perfect,

One of the diiTicu!ties is that Acre are real!y very
few hard and fast rules. Factors such as !andslides, large
nuinbers of natural!y spawmng salmon, deep glacial
waters, and large fluctuations in salinity and temperature
are difficult to overcome, but values outside of the op-
timum ranges for other criteria can be dealt wiA. For
example, water depth should ideally exceed 150 feet;
however, a site with 30 feet can be made to work for
rainbow trout. But you shou!d not se!ect a site that is
too far out of the suggested range, since you may not
succeed if just one species can be cu!tured. British Co-
lumbia has had two devastating algae blooms, and rain-
bow trout were hit the hardest.

Once you define what is rea!!y wanted and what the
objecdves are, and you have researched the physical and
biological characteristics, the next step is to go to a good
library. The ones at the Nationa! Marine Fisheries Ser-
vice Laboratory in Auke Bay, the Resource Library in
the Federal Building in Anchorage, the various Univer-
sity of Alaska and state libraries, or even the fisheries
library at the University of Washington are recommend-
ed. Seek information on physical ~raphy, weather
patterns, and transportation networks,  Transportation
is quite important and should be close!y looked at as ii
is necessary to move a large quanuty of material into
and away from a farm.! There is a lot of time and money
you can save by going to the library first,

Once you have se!ected an area that looks appeal-
ing, contact the local residents and make sure they would
welcome a farm. Starting a salmon farm is a difficu! t
proposition. I would not start one with neighbors who
do nnt want one nearby. It is very easy to sabotage a
farm. You will have quite enough challenge to make the
farm successful even with the full support of those close
by. Find out just which permits you wB! be required
to have. Securing one or more approvals only to find
out that the next one or even last one is unattainable is
a very expensive and time consuming process. Conse-
quently before applying for the first permit, talk to ai!
the major players in the regulatory process. During the
initial contact it is not necessary to go into great detail.
It is important to get an idea of what the agencies think
and what their objections might be. At an early stage
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it is easy to change direction and to alter what you have
in mind to betrer meet regulations and statutes. Agency
Iteratot inc} have to do their job too, And they can be quite
helpf'ul if' approached in a reasonable manner. If they
are nnt helpful, move up the chain of command,

Afler you have spoken with the major regulatoty
agencies and found no major problems, you can begin
a second level of planning, much more detailed � and
consequently more expensive.

Salmon farmtng had its first real beginnings in the
Pacific Northwest at the Manchester Field Station of the
National Marine Fisheries Service, in conjunction with
the University of Washington Sea Grant Prntgram and
a private company. But we are just beginning to under-
stand tl. The consensus among farmers in British Co-
lumbia two years ago, and in some cases just a year ago,
is nol whal the consensus is today.

There is one addiuanal matter. ff at all possible wort
on a farm first Volunteer if you must. But al least visit
several farms and plan an spending same time on each,
Ask a lot of questions. If' you can, get prior permission
to arrive during periods p f at-[i v j[y, Do not be surpri sed
if the workers ask you to help our while you are there.
Salmon farirnng is very hard physical work. lf you dan I
like working hard, you don'I want to became a salmon
farmer.

Itydrohstry-Freshwater lens deph ofi

hgarine Plants & Fouling Organisms
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Marine finfish aquacu!ture in Alaska has with one
exception involved ocean ranching of salmon. The as-
sociated marine habitat impacts have been limited to the
effects of short-term smolt feeding in net pens anchored
in estuaries and hays. In the past few years debate has
arisen on the issue of' for-profit commercial aquacu}ture,
including the pen rearing of fish to market size. Papers
that have explored various technical, eorinomic, and legal
aspects of finfish cage culture in the Pacific Northwest
include Alaska Maricu!ture Technical Work Group
�976!, Huguenin and Ansuini  }978!, Kerns  !986!,
Lindgren et a!.  !985!, Logan and Weddleton  }987!,
Pierce  !987!, and Weston �986!.

The decision to allow or disallow pen rearing centers
around potentially controversia} issues related to market,
environmental, socioeconomic, and regulatory impacts.
The purpose of this paper is to describe the potential
environmental impacts of long-term tnarine pen rear-
ing, related literature, and suggestions for minimizing
those impacts.

CO!s}CEPTS OF SELF POLI.UTION

The major impact of cage culture activities is self-
pol}ut ion, which can create unfavorable env ironmenta!
conditions through accumulation of organic wastes be-
yond the carrying capacity of the effluent-receiving en-
vironrnent. These conditions could have a detrimental
effect on animal health, production, and natural
ecosystem surrounding the facility.

Hall and Ho}by �985! documented the environrnen-
tal impact of a rainbow trout fish cage farm in the marine
environtnent  on the west coast of Sweden!. The most
obvious changes were increased sedimentation rate, in-
creased sediment oxygen uptake, incretcsed benthic re-
lease of phosphates during oxygenated conditions, and
increased concentrations of carbon and nitrogen in the
sediment and of phosphate and ammonium in the in.
terstitial water.

Average daily amounts of sediments deposited from
a sea bream farm were 33.8 g/m', «nd 23.0 g/m' for
a yellowtail farm compared to 14.6 g/m' for a non-cul-
ture area  Kadowaki et al. 1980!. Sediments were related
to the type and amount of foods supplied and water
depth. In addition, natural sedimentation rates can be
affected hy placement of cage structures and their ef-
fect on water current and velocity  Phi}!ips and Bev-
eridge 1986. Webb 1975, Weston !986!. The degree
of self pollution is dependent on several factors:

Site Selecrr'ori. Factors that affect water quality and
resulting self-pollution are related to water reten-
tion time and bottom conditions, These include site
exposure, bottom topography, water depth, pres-
ence or absence of an underwater si!l, frequency
and patterns of water exchange, number and vo!-
ume of «ress with no circu}ation, locations for ac-
cumulation of dead fish, and organic waste  Mo}}er
1976, Webb 1975!.

Coast!ines with areas of accumulation act as
pollutant and sediment traps or purification plants
for the open water. They are not suitable sites for
cage cuhivation as materia! deposited from the
cages w i	 be accumulated on the bottom and resu! t
in undesirable local effects. Erosion-bottoms in-
dicate a good water exchange which consequent-
ly will disperse the discharge over large areas
 Ackefors 1986!, Satr  }973! fortuitously ob-
served a temporary anoxic condiuon in Little Port
Wa!ter on southern Bsranof Island, Alaska. Iti a
restricted area near a sill and be!ow a depth of ! '
meters, divers observed numerous anima! car-

PHYSICAL IMPACTS OF CAGE CULTURE

Water Flow and Currents

Cages or net pens can affect local currents and
thereby alter sediment transport and deposition patterns,
oxygen supply and removal of waste metabo}ites, and
the supply of planktonic food.

Beveridge  !984! suromarized the drag forces af-
fecting the flow of water through enclosures. The reduc-
tion in f!ow is dependent upon a number of variables
including flow rate and density of water, enc}osure size
and shape, mesh type  knotted or knotless, diamond or
square! and inaterial, degree of fouling, and stocking
density.

lnoue   } 972! noted the current ve!ocity inside a large
�0 x 20 x 6 meter! cage of 5 cm mesh size, stocked
with fish at 1.6 kg/m' fell to only 35 percent of the cur-
rent speed recorded outside the cage. He also dernon-
strated that when cages were !ocated para}}e! to the direc-
tion of current, flow rate in successive cages fell. Webb
�975! noted the presence of cages acted as a breakwater
creating sti!! water to their Iee.

Author's address: National Menue Fisheriet Service, P.O. 21668,
Juneau, Ataska 99802-t 668.

ENVIRONMENTAL EFFECTS OF FINFISH CAGE CULTURE
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casses un the bottom; inost of them were shrimp,
but there were also numerous chitons, Iimpets,
clanis, anemones, sea stars, crabs, and a few fisli.
Subsequent measurcmcnts documented the exis-
tcncc of only tniniimil dissolved oxygen concen-
trations. The mass of anoxic water was flushed
out of thc bay three days later coincident with ex-
trcne tides. Two features conunon to anoxic situa-

in tiords were present � a shallow sill and an
ad!scent pycaolme,

Method of Odrure  Beveridge 1984, Braaten  no
datej, Huguenin and Ansuini 1978, Molier 1976!.
Four types of aquaculture structures include
A. Cage Culture. Beveridge �984! uses the

term cage cuitur» for a totally floating device
with aII sides but the top covered with mesh
or netting. Variations of cage culture are
closed cages, which arc floating pens with
flexible solid walls into whic-h seawater is
pumped and discharged, and submersible
cages. Cages can be designed for mobility
and open ocean locations.

B. Pen Gifatre is defined as a construction with
thc bottom formed by the lake or sea bot-
toin. Experimental barriers such as electric
fences are being considered for soine
situations.

&cbsare Ctdrare is the name for projects
that take advantage of natural enclosures
such as lakes.  fntensive feeding and fer-
tilization coupled with limited circulation
makes this category very susceptible to ac-
cumulation of organic waste and reduced ox-
! gcn levels.!

1 'aceiisiy araf Tank Gdrure are containment
structures into which water is pumped and
drained. Until recently they were only land-
based techniques; they are now being ex-
plored for floating tanks.

The closer the cage is to the bottoin the
greater the pmportion of waste that aic like-
ly to became sediment directly under the
cages. Where prevafling currents are low,
few of the wastes � especially the larger,
denser waste feed particles � wiII be carried
away. Anchoring cages on single-point
moorings wiI] result in the distribution of
wastes over a inuch greater area and hence
reduce the real rare of waste «ccumulation
 Beveridge 19B7b!.

<«ronrrientaf Condirioris at the Site. Environ-
mentaI conditions combine to affect individual
sites. wave and storm patterns, tidal currents,

ie«emperarures, solar exposure, salinity, bio-fouling rates and types, and natural predators pres-
ent <Huguenin and Ansuini 1978, Milne I9'76!.

Consideration should also be given to long- and
short-term climatic conditions and seasonal iiifl
e aces.

Species Cultivated. The species most likely to bc
cultivated in marine waters of Alaska are raiiibow
trout and Atlantic, chinook, or coho salmon. The
production species, in part, determines how long
fish wi11 be held, rate of restocking with new
smolts, and feeding schedules. Further, the den-
sity of lish held in cages and the amount of bufFer
area between cages are important in terms of water
availability for «bsorbing and diluting the dis-
charges.

~plied Technique or Experiences of t!ie crusoe.
An ent~re spectrum of effects can be pIaced under
this category. Differences will result depending
on the particular inetbod and choice of feeds, ap-
plication af medications or other chemicals, fre-
quency of structure cleaning, length of time fish
are held, lapse time between crops, and slaughter
wastes disposal. The slaughter and various proc-
esses involving fiJleting, freezing, and packaging
might also exert a change in the environment-
Suspended matter in the processing water could
result in a heavy organic loading that causes higher
oxygen consumption as the substances are decotri-
posed. The influence of these variables might bc
balanced by adapting the environment  Ackefors
1986!.

Since artificial culture of finfish to market size
has not been allowed in Alaska, except in a limited
research situation, we draw most of our knowledge
from the experience gained by Canadians, Nor-
wegians, and others, Deve/opers of the industry
in Alaska are faced with isolated sites; a lo w pop-
ulation base; a lack of historical public acceptance
or support; special transportation and marketing
considerations; and perhaps most importantly, rel-
atively pristine, sensitive, and threatening envi-
ronmental conditions. For exainple, the effect of
toxic algae blooms on a future Alaskan industry
are relatively unknown at this time, but are likely
to be a consideration to the farmers.

The main source of pollution in fish farming
is excess feed and feces. Overfeeding has been a
continuous prob]ein in intensive fish fanning and
is mainly caused by two factors: the usc of the
wrong type of food and lack of knowledge of how
to fief correctly  Braaten et al. 1986!. The feed
waste in percentage by using dry feed is estimated
to be I to 5 percent and corresponding figures for
semi-moist feed and wei feed  minced fish! are 5
to 10 percent and 10 to 30 percent respectively
 Ackefors 1986!.

6. Size of prodirciion. The size of the production uiiit
will play a crucial role in whether self-pollution
is likely to occur. The threshold size of a produc-
tion unit in marine waters of Alaska remains un
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known. Though not directly applicable, Karlgren
�981! estimated that a surface area of at least 30
ha is required in oiigotrophic lakes for every ton
of fish farmed in order to avoid undesirable ef-
fects from the added nutrients, The National Swe-
dish Environment Protection Board «nd the Na-
tional Swedish Fisheries Board  Anon. 1983!
recommend a lake area of 15 to 30 ha for each
ton of produced tish.

EFFECTS OF SELF-POLLUTION

The effects of self-pollution arc most serious at or
near the facility. Heavy pollution loading may have an
effect on the wild flora and fauna at the site, and if it
does, it represents an even more serious threat to the
caged fish themselves  Webb 1975!. Possible indications
of self-pollution are reduced fish growth or an increas-
ing mortality rate. Moiler �9S5! discussed occurrence
of fish diseases in relation to polluted waters. Braaten
et al. �986! said self-pollution can be concluded from
the following symptoms;

Accumulation of waste material which results in
the formation of toxic gases and metabolites.
A drastic reduction in the oxygen content of the
water,
Accumulation of dead fish duc to sudden mortal-
ity,
Local eutrophication,
Occurrence of pathogenic bacteria, viruses and
parasites, some of which inay be resistant to anti-
biotics due to an extensive use of antibacterial
agents.

4,
5.

IMPACTS ON NATURAL FISH HABITAT

There are additional risks or considerations associ-
ated with coexistence of the natural fish and shellfish
industry with the potential Alaskan cage culture industry.
These are �! risks of spreading diseases between farins
and to wild fish populations, �! risks af establishment

Eutrophication resulting from release of sludge and
oxygen-consuming rnatter  faod particles, feces, and am-
moniaj can akso increase the chances of toxic algae
blooms  red tide!, which in turn die and result in fur-
ther seditnentation. As a result of high eutrophication
levels, large areas in protected coastal areas can be ex-
posed to reduced oxygen conditions during summer and
aututnn  Ackefors et al, 1984, Rosenthal 1983, Hirata
1985! and increased nitrogen compounds. Highly eu-
trophic lakes have regular kills through deoxygenation
of the water following the collapse of algae blooms  Bev-
eridge 1984!. Accuinulation of arganic matter on the bot-
toin creates anaerobic conditions in the immediate vici-
nity and also large areas with depleted oxygen levels
 Phillips et al. 1985b!. Such conditions can have devas-
tating effects on the shellfish industry  Rosenthai 1983!
and alter the bottom flora and fauna.

of nonindigenous species and stocks in «atural habitats,
and �! release of antibiotics and chemicals used to com-
bat disease and stress. Each is further described below.

There are five main groups of organisms which
cause disease in fishes: ectoparasites and fungi,
endoparasites, bacteria, viruses. and organisms
which produce toxins leading to fish deaths  Sarig
1979!.

The Alaska Mariculture Technical Work
Group �986! expressed the opituon, "Future mar-
iculture practices would produce no further risk
to wild stocks than practices currently employed.
Certain disease agents are already ubiquitous in
the environment and opportunistic, infecting fish
only when they are crowded or stressed artificudly
by aquaculture practices. Other discase agents
which are obligate pathogens could possibly
transmit from cultured finfish/shellfish to wild
stocks. Although this would be undesirable. most
generally, dinicai disease or catastrophic mor-
talities do not result in the receiving wild popula-
tions due to lack of stress factors and wide en-
vironmental dispersion of host animals." This
general opinion was supported by Beveridge 1984,
Phillips et ai, 1985a, and Weston 1986.

2.

3.

Wreckage of cages and release of corrtents will oc-
cur from time to time. Cages can be constructed
with outside barrier nets to minunize susceptibility
to dainage from predators. Release of domestic
fish could occur via deliberate means, however,
as well as damage to the netting, marine inammai
and four-legged creahire interference, and even
accidental loss during harvest or stocking.

The effect an wild stocks, if domestic species
become established, is largely speculative. Prac-
tically there could be coinpctition for spawning and
rearing grounds, and possibly interbreeding aod
a change in geneuc makeup of the wild stock.
There are many records of the itnpacts of escaped
or deliberately transplanted fishes on indigenous
fish stocks, and these include the extermination
of local fishes through predation or competition.
interbreeding, habitat destruction, and outbreaks
of disease epidemics  Rosenthai 1983. Phillips ei
al. 1985al. Actual impact on the habiuu due to es-
tablishment of domestic stocks of salmtmids would
be very subtle since organisms of that type present-
ly use the habitat,

Possible release of antibiotics and chemicals into
the water to combat disease and stress in the caged
fish could affect kxcai invertebrate, vertebrate, and
planktotuc populations. lf open net cages are in
use, then it follows that whatever is put in ihe
water could disperse and affect water quality be-
yond the immediate vicinity of the cage. The
The Alaska Martculture Technical Work Group
�986! expressed the opinion thai, "Risks of en-
vironmental contamination from drug applications
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is neg1igible because:  I! The great magmtude of
dilution of such drugs on the water column would
make the final exposure concentration so far below
efficacious levels that natural fauna and flora
should be utudfected, �! Infrequency of use woukl
prevent chronic exposure of natural fiora, �! In
most cases, a systemic chemotherapeutant is the
only practical method to treat disease in thousands
of captive fish. Consequently, lhe drug is adrnin-
islered in the diet... " Beveridge �984! described
treatment as "... costly and dificult due to water
flow through thc enclosures which can rapidly di-
lute the chemical used, and render treatment in-
efIective, The addition of large quantities of
chemicals to compel can make treatment too
costly. To minimize expense, inany fariners en-
close cages in polyethylene sheeting to try and
reduce the fIow rale or transfer diseased fish to
a specially modified enclosure or tank, thus mini-
mizing waste  i.e. loss to the environment! of
chemicals,"

Though the above statements appear logical in ex-
pbmation, Braaten et al. �986! listed several hazards
connected with usc of therapeutics in fish farms.

Development and proliferation of bacterial strains
which are resistant to the most common
antibiotics,

2. Spread of foreign substances in the environment
that create adverse efIects on microbiological proc-
esses, e.g., degradation of organic matter, which
secondarily alfects the fish farm itself,

IMPACTS FROM INFRASTRUCTI.IRE

Rehtted development such as toads, residences, and
market routes  possibly just air transport! could result
ln a scparatc form of environmental impact, Ackefors
et al.  I9$4! discussed the development trends of aqua-
clilture prciduction un'ns. They explained thai areas gen-
erally suitable for aquacullure production could hardly
be developed on an economic basis if the necessary in-
frastructure  transportation, roads, supplies, and mar-
kets} i» largely tacking.

Fouling of nel pens and barrier nets is a cominual
ptoblem. Fouling makes the nets heavier, increases drag
in current. and prevents the exchange of waler in the
pen, Additional infrastructure needs may be required for
a nei washing area. A method suggested in the Alaska
Oyster Grower 's Afanital  Else 1985! is to place empty
trays on the beach ai half  ide and allow foulmg organ-
isms io be eaten off. This may work with ne s as well.

There are basica/ly three choices for collection or
production oi stock for cage culture.'  I! import egg or
brood stock. �! collect natural runs of wild stock spawn
and incubate eggs, and �! purchase smolt from siate-
run or private nonprofit hatcheries. Environmental ef-
fects would result from use of water and lancl for build-

ings, incubators, housing, docks, elc., which are need-
ed to support the ancillary aquacultural industries.

ACCESb IMPACTS

Access issues, though not environmental issues pei'
se, are potential areas for conflict with other users such
as recreational and coinmcrcial fishermen. The amount
of area needed to contain lhe facility and that titxxied
as a buffer is worth distinguishing. Concepts of proper-
ty protection from theft, damage, or pollution will re-
quire that distance be tnaintained between other water
users and cages.

NOAA �977! published an aquaculture plan that
recognized the development of aquaculture as being in
the national interest and called for protection of coastal
and estuarine environments so that aquatic foods can be
produced m these areas, The plan stated the objective
of NOAA programs will be lo provide the scientific,
technical, legal, and institutional base needed for devel-
opment of aquaculture and to facilitate early applicatioa
of research results by information dissemination and ex-
tension activities

As the aquaculture industry gmws, the National Ma-
rine Fisheries Service will reconsider this oblective in
order to balance aquaculture neecls with the needs of the
commercial and recreational fishing industry,

PREDATION

Cages of fish are known to attract a wide range of
fish-cating vertebrates: fish <Webb l 975!, birds  Bev-
eridge 1987a!, marine mammals, furbearers, and
humans. This can result in loss of stock, damage to nets.
transfer of disease and parasites froin predators io prev,
and a higher level of predation on wild stock in the area.

lf the potential predator i s a marine mainmal, addi-
tional coordination and preventive measures will be re-
quired, Special consideration of all marine mammals is
provided for under the Marine Mammal Protection Acl
 MMPA!. Federal responsibility for these species is
placed under the Department of Commerce, National
Marine Fisheries Service  NMFS!, and the Department
of Interior, U.S. Firh and Wildlife Service, The MMPA
protects marine mammals from takings, The term take
means to harass, hunt, capture, or kill or attempt to
harass, hunt, capture, or kill any marine mammal. Evi-
dence of harrassment has been described as a change
in behavior or activity brought on by a certain action.

Supporting regulations of the M MFA allow the De-
partment of Commerce, through the NMFS. to issue per-
mits for the taking of small numbers of marine rriam-
inals for certain purposes if the taking will have a negligi-
ble impact on the affected species or stock. For the
NMFS to consider allowing an incidental lake, a writ-
ten request for regulations must be submitted in aocord-
ance with 50 CFR Section 228.4. The request inust con-
iain deiaded information on the activity in general arid
impacts of the total potential take. It may be submitted
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by those conducting the activity, such as the Alaska Mar-
iculture Association, or by a federal agency that regu-
lates the activity, If NMFS makes certain findings, spe-
cifir. regulations will bc issued which, among other
things, establish a permissible method of taking and re-
quiretnents for monitoring and reporting, Once appro-
priate regulations are in place, a letter of author ization
is required to conduct the activity �0 CFR Section
228,6!.

POSSIBLE MITIGATIVE MEASURES

There is a variety of means that may be partially
effective in minimizing the impacts discussed above.
Briefly these are

Use of pumps to aerate water locally deficient in
oxygen.
Rotate or move cages or pens to clean locations
periodically to allow naturally occurring conunu-
nities to restore themselves.  Preapproval of more
than one site inay be required irutially.!
Taking care in the methods of disposal and treat-
ment of diseased stock to protect wild stocks from
exposure and possible contraction of the disease.
Experimentation with use of self feeders because
they may use less feed.
Use of floating feeds; these are newly available
and are applied by releasing the feed subsurface.
What particles the tish do not eat float to the sur-
face and can be skimmed off.
Placement of shellfish mariculture facilities in
close proximity to finfish cage culture facilities to
offset the elevated nutrient ievels by added filter-
ing organisms  Wallace l980!,
Release of doinestic fish cannot be prevented com-
pletely, but it may be minimized through sanc-
tions, penalties, and regulations. The initial choice
of site and structure can be evaluated according
to likelihood of successful containment. Require-
ment of a net around a cage surrounding a group
of cages, to form a second barrier prior to release
into the open marine environment could function
ab a Safety factor in reduCing acCidental releaSes
of domestic lish. Further, the relative location of
cage culture activities to important wild stock ha-
bitats can be used to minimize chances of suc-
cessful establishment by escaped domestic stocks.
After harvest, trawling of the bottom to acceler-
ate the remineralization process of the settled or-
ganic material. A process used in Japan in associa-
tion with culture of clam, oysters, and other mol-
lusks  Ackefors et al. 1984!.
To minimize release of therapeutic antibiotics and
chemicals, safeguards could be recommended for
transport, storage, and application of such drugs.
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There is limited information of a practical nature
for southeast Alaska salmonid cage culture. For exam-
ple, if known sizes of pens were placed in known areas,
stocked with known amounts of fish, and fed known
amounLs of feed, what would be the expected change
in sedimentation and oxygen levels around the pens?

Regulatory experience and perhaps modification
may be required to limit rate or amounts of discharges
of waste feed and fecal waste in specific areas.

We need experience with minimizing feed waste.
Feeding less at a time but more frequently may result
in less waste and higher consumption rates, Use of float-
ing pellet~ are a potential waste saver.
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PANEL DISCUSSION ON THK PROS AND CONS
PF PRIVATE-FOR-PROFIT SALMONID

AQUACULTURE IN ALASKA

John Doyle, Moderator, Marine Advisory Program
Brian Allee, Alaska Department of Fish and Game

Sen. Richard Eliason, Alaska State Legislature
Sen. Fred Zharoff, Alaska State Legislature

Rodger Painter, Alaska Mariculture Association
Eric King, Alaska Trollers Association

Bill Heard, National Marine Fisheries Service
John Forster, Seafarrn Norway

Kate Graham, United Fishermen of Alaska

The Fourth Alaska Aquaculture Conference wound
down to its final session with a panel discussion on the
question of whether private-for-profit salmon aquacul-
ture projects should be allowed in Alaska.

Such projects would be similar to those in other
parts af the world, mainly Florway, where salmon are
raised to full maturity in pens and then shipped aut to
provide fresh fish for the off-season winter market,

The concept differs markedly from the familiar
public nonprofit aquaculture ventures that have proven
so successful over the years in helping build back de-
pleted salmon runs in Alaska. This is a system of ocean
ranching where juvenile salmon are released into
streams. go to sea, and then return at the end of their
cycles 10 bc harvested by fishermen. With private salmon
aquaculture, however, the fish are harvested and sold
directly by the farmer-owner.

With seafood consumption growing in the United
States, the ability to supply fresh fish on a year-round
basis has proven to be a real money-maker, imports of
foreign pen-reared finfish have soared in recent years
to the pomt where the United States had 8 seafood deficit
of $3.5 billion in 19&6.

Addresses: John Doyle, University of Alaska, htarine Advisory Pro-
gram, P.O. 103tfru, Anchorage, Alaska 99510,
Brian Alice, Alaska Department of Fish and Garne, P.O 3-2000,
Juneau, Aiaska 99802,
Sen, Richard Eliasnn, P.O. 143, Sitka, Ataska 99835
Sen. Fred Zharoff, F.O. 405, Kodiak, Alaska 99615.
Rodger Painter, Alaska htarieuhure ~n, 130 Seward St., No.
201, Juneau, Alaska 99801
Eric King, Alaska Trotters Assocration, 130 Seward St., hio. 213,
Juneau, Alaska 99801.
Bill Heard, Nadorud Marine Fisheries Servrce, P.O 2101 55, Auke
Bay, Alaska 99821
Jnbn Fnrtter, Seafarm Stnrway, p.O. 1478, Frat Angetet. Washintrtnn
98362.
Kate Graham, United F tshermen of AJaska, 175 Frank!in St., Jutsu,
Alaska 99801.
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Alaskans hate to sce a good tnarket go by default,
So last year a bill  CSSB] 06! was introduced in the leg-
islature, which would set up a comprehensive state pol-
iCy ta allOW private-for-prOfit rnariCulture Of seaweeds,
shellfish, and finfish, Although a few shellfish farms
already are operating tn the state, the idea of salmon mar-
icuhurc raised so much controversy that a moratorium
was placed on all commercial finfish farming until
July 1, 198g, for further hearings and studies.

State Sen. Fred Zharoff, D-Kodiak, the primary
sponsor of the bill, told the panel he introduced the leg-
islation mainly to get people thinking about the idea. He
said his district, where pre!iminary studies are well under
way toward a scallop farming vcnturc, has no problem
with seaweed and shellfish ranchmg. But he admitted
that many Coastal Cammunities da nOt like the idCa af
finfish farming. "1 have mixed feelings about it myself,"
he said. "But wc're looking at pen-reared salmon the
world can produce when we' re not operating because
the wild salmon aren't available during the winter
months. However, 1 think we should assess the whole
situation very carefully and decide urhat's best for
Alaska. Whatever we do, it should be in our own self-
interest."

State Sen. Richard Eliason, R-Sitka, a cnnunercial
fisherman himself, painted out that other states and
foreign countries developed sahnan farming because
their natural stocks were declining, On the other hand,
he said, Alaska's wild stocks are among the healthiest
and most abundant in the world. "There are apprehen-
sions about what effects pen-reared salmon might have
on natural stocks � concerns about the transmission of
disease and possible water pollution from the farms,"
he said. "We' re talking about public resources here-
not just the fish, but water tise and site and land selec-
tionss. And we 're talking about impact � not just an corn-
mercial fishing, but on sports and subsistence fishing
as well. ln same areas, commercial fishing and mari-
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c~re nlight be companble, but m other  ueas pit>bably
~ " He addal that the biggest impact would probably
b;n h;s Soud east Alaska district where  here is a
I>nuted winter  roII f shery.

EIiason said in crim hearings on the proposed leg-
isla ion, held by the Senate resources subcommittee of
which he is chairman, revealed  nuch apprehension
thmughout the state on the idea of pen-reared salmon.
"The only place we found people to be largely in favor
of it wss downtown Anchorage," be said.

Rodger Painter of Juneau, executive director of the
AI4 ska Mariculture Association  AMA!, described pen-
rearing of salmon as simply a logical extension of the
seafood industry and an opportunity for great economic
development in Alaska. "We want to displace. foreign
salmon with a year-round total product on the  narket-
place, " he said. "We could benefit from numerous side
industries as well, such as smolt production and fishfood
production, And once the new industry got going, it
would provide a year-round product for the state's fish
processors, now mostly idle durmg the winter months."

He said diseases «re not transinitted from far ned
salmon to wild stocks because the fish are never released
from their pens. And he foresaw little impact on the
prices paid for cominercially caught salmon. "~h
has shown that there is ve y little overbtp on the markets
for wild salmon and pen-reared salmon," he said. "As
a inaner of fact. pen-reared fish cost more to raise so
the farmers can't let prices sink too low."

EIiason asked Painter if his organization would sup-
port legislation providing for the development of sea-
weed and shellfish farming but putting off finfish mari-
cuhut<e for the  ime being.

Painter said he would have to consult with the AM A
board of direc ors before gouig on record to support sep-
arate Iegisla ion. "Actually, we support all fonna of
mariculture." be said, adding that the AMA was con-
cerned ab<>ut splitting the issue and "subjecting each
species  o a political litmus test."

Brian Alice of the Alaska De~a  of Fish and
Game's Fisheries Rehabilitation Enhancement and De-
vel<ipmen   FRED! Division traced the successes of
A laska s publ >c nonprofi  aquaculture prujec s since their
developn>en  began in the early l970s. "In Prince Wil-
liam Sou<>d Ias  season, fishermen harvested a record
ca ch of more  han 25 million pink salmon," he said.
'0   ha  number, 73 percent were attributed  o releases
lr<>m  he four ha cheries on the sound and oidy about
27 percen  came from wild stocks." The pink salmon
catch ah>ne hn>ugh  nearly $40 million io area fishermen.

'A'he her A lask a should allow pri va e -for-profit sal-
mon ranching is a ques ion for the legislature  o decide,
he said. Bu  hc warned iha  if i[ is undertaken, the Jaw
sh«old insure that a number of standards be met. Amon

ng<> her  hings, inaricul ure must

I . Be developed in an orderly fashion so that i  is a
s able industry.

2. Bencfi  Alaskans «nd no  compere with commer-
cial fishermen.

3. Pay for itself,
4 Provide for protection of wild stocks a xi environ-

mental safcguards.
5. Insure access to uplands,
6. Provide a fair system of agoca ion of permits and

sites to maricuiture farmers.

A statement froin the Alaska Trollers Association,
presented by Eric King of Juneau, raised no objections
to seaweed and shellfish farmmg, bu  strongly opposed
fmfish farming, The trollers saw pen-reared salmon n<>t
only as a threat to wild salmon stocks, but as competi-
tion in the marketplace and as a drain on already limital
state funds for management and regulation of wild
stocks. Furthermore, they feel Alaska doesn't need pri-
vate salinon farm»g

"We should first consider that Alaska produces 90
percent of all salmon landings in the United States or
43 percent of the world's landings from wild natuml runs
of salmon. Our current fishing industry already employs
approximateJy 50,000 people directly. and that doesn' t
indude employment in associated support industries ia
all seginents of our economy. Our wild salmon runs are
the second largest revenue generator in this state and
are proving to be Alaska's true permanent fund No one
can say for certain no harm wiJI come  o them froni pen-
reared fish, and it doesn't make good economic sense
to gamble with our future."

King said the troll fishermen are disturbed by the
fact tha  the bill now before the legislature places man-
agement authority for the private-for-profit mariculture
projects under the State Department of Economic De-
velopment rather than the Department of Fish and Game.

"Pen-reared fish do escape, no matter how stringent
the protections are, and we are concerned tha  manage-
ment of this prospective indus ry would be given to an
agency with lit le experience in the biological and tech-
nical bases needed to protect our wild stocks," King
said.

Still another concern is that state fu.nds to inanage
and regulate fish farming would cut into programs now
used to enhance wild stocks, "To many, a fish is a fi sh,
and it's a safe bet that the funds  o manage the new in-
dustry will come out of current fish manage neat pro-
grams." King said that so far as prices to cornrnercial
fishermen are concerned, there is only one market for
fish m the world, and as the supply increases the prices
will decline.

Bill Heard of the National Marine Fisheries Service
at Auke Bay said research has shown that king salmon
can be raised to commercial size in pens. ' "%ere is no h-
ing to indicate that salmon fanning in Alaska is no  bio-
logically feasible � whether i  is economically feasible
is another question."

He said most of the regulations requiM for the pro-
tection of natural stocks, such as the ban against impor-
tation of foreign  exotic! siocks from outside Alaska,
are already in place. But he emphasized that main ain-
ing the habitat and environment for wild stocks is criti-
cal. And he had a suggestion: "If you do allow salmon
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farming in Alaska, I propose that the Alaska troUers be
given the first permits. Then let them concentrate on
year-round quality."

Kate Graham, executive director of the United Fish-
ermen of Alaska, said her group would go along with
scald and shellgsh farming, despite fears that site al-
locations for such projects might provide a head start
for future finfish farms. But she said fisheries people
still consider salmon farming "way too risky," and too
cosdy "It's the state's obligation ro protect the public
and the environment, and the salmon farmers certainly
won't be able to regulate themselves," she said.

She explained that would mean in these r.imes of eco-
nomic downturn and tight budgets that the money for
the new industry would probably come out of current
fish management programs which already are suffering
cutbacks.

"It's a myth that salmon ranching will pay iis own
way," she said. "Fishermen more than pay their own
way because our taxes are attached to sales. But the sal-
rnon farms won't be taxed untU they start making a prof-
it and it will take two or three years before they even
start making sales, lvleanwhile, the state just doesn't have
any extra money to throw around."

The nagging question of who would own the fish
farms, how much they would cost, and how they would
be financed was a recurring topic throughout the dis-
cussion,

Zharoff said one of his chief reasons for introduc-
ing the maricuhure legislation is to provide a possible
source of new income for rural areas of the state. "Vil-
lage fishermen in their small skiffs can't compete with
the big commercial fishing fieets off their shores," he
said. "But a mariculture project under local control
would be a very good thing fof srrlall conlmurliiies.
He said that in Norway finfish farms in small coastal
villages have helped slow the tide of young people leav-
ing home to find jobs in the big cities.

Eliason agreed that jobs in rural areas are an im-
portant priority, But he was doubtful about the feasibdity
of srnaU maricuhure ventures. He said that judging from
what he saw on a trip to Norway last summer, the so-
called "Ma and Pa operation" can survive only if lvla
and Pa happen to have a couple of million dollars.

But panelist John Forster of Seafarm Norway, a pri-
vate-for-profit finfish farm in Port Angeles, Washington,
described mariculture as an industry "whose time has

come." He said Alaska has an ideal environment for
salmon farming and should be able to compete with the
world. "And it doesn't necessarily take megabucks,"
he insisted. A person could start a small farm with a
few pens and make money raising fish as a side income.

Bui Graham said the cost of establishing a salmon
farm would probably be much more than most expect,
and she expressed fears that finfish mariculture would
wind up as a "private club" which few Alaskans could
afford. She said the idea of small owner~perator proj-
ects is being promoted to open the door for the big well-
financed investors like those who have taken over mar-
iculture operations in other countries.

Earlier the conference attendees had heard from
economists and bankers about potential difficulties in ob-
taining start-up money for relatively untested ventures
such as private-for-profit maricuhure projects. Canada
gave its early salmon farmers a boost by providing in-
terest-free loans of up io S I 00,000 with no payback for
two years. Other foreign countries, such as Norway.
provide generous government subsidies, And govern-
mental aid can come in the form of vital support ser-
vices such as communication and transportation links
between salmon farming areas and their markets,

After the panel had its say, the discussion was open
to questions and remarks from the large audience in ai ~
tendance. Sitka is a fishing community, and the rear-
tion to the idea of private-for-profit salmon farming was
mostly wary.

Some felt small coastal viUages might benefit from
locally owned mariculture operations. But others remem-
bered too well the hated fish traps of the early days,
owned largely by outside tishing interests. The fish traps
were outlawed in 1959 by an ordinance approved by the
voters in the same election during which the constitu-
tion of the new state of Alaska was adopted.

Sitka resident h4ark Jacobs Jr. told the panel ihe
Alaska Native Brotherhood has passed a resolution op-
posing mariculture. "Do you think big business would
tolerate the little feHow for long?" he asked. "We would
just be squeezed out." And he added: "We fear another
fish trap era,"

At the conclusion, lvloderator John Doyle of the Ma-
rine Advisory Program summed up the private-for-profit
salmon farming dilemma w ith the observation: "It is ob-
vious that the social problems are more difficult ta solve
than rhe economic and scientific problems."





SETTING UP A SMALL AQUACULTURE BUSINESS
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ORGANIZING A5
AQUACULTURE BUSINESS

The Alaska Economic Development Center, Uni-
versity of Alaska Southeast, is a public service of the
university funded by the U, S, Department of Contmerce,
Economic Developinent Administration, and the State
of Alaska, Ltepaitment of Commerce and Economic De-
velopment. Division of Business Development.

Our ro!e is to extend resources of the university to
corirmunities of Southeast Alaska, and we do that by
making presentations and providing technical assistance
in two different areas.

My prograin provides techmcal assistance to com-
mutoities and community organizations, to arms of the
state, federal and local governments, and to nonprofit
organizations. And, according to mandate of the Eco-
nomic Development Administration, to Alaska Native
Claims Settlement Act corporations.

This presentation is on setting up a srnaU aquaculture
business in Alaska. I'd like to emphasize the use of the
word smaU. I'm not talking about a large corporate farm.
I'rn not talking about a shore-based facility that requires
a very large investment in capital and a large operating
staff. What I'm talking about is the smaU, fami!yowned,
individual-owned, partnership or corporation-owned
business that might be operating in the half-million to
$1 million a year range in sales,

The definition of small business used by the U.S.
Department of Conunerce extends to anything with less
than $5 million annual in sales. And that encompasses
almost every business we dea! with in Southeast Alaska,
with rmnor exceptions. I'm talking about small busi-
nesses that are handled by a couple of active working
partners and a number of full-time and part-time
employees.

I want to stress that I am talking as if I am address-
ing a group of neophytes, people who might have some
experience in the field, for example, but who have not
set up and operated a small business. A lot of what I
am taIking about is, plainly and simply, common sense.
Bui this common sense seems harder earned by a lot of
individuals who are in smaU business. They will tell you
that with the pressures of putting together a busi-
ness � pres~ores caused by financing, general worries,
lack of time � they haven't had time to learn some of
the things that I'm talking about.

I am breaking the talk into two phases: organizing
an aquaculture business and assembling a business plan
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for potentia! investors. At the end, I'U briefly discuss
resources available to help you get started.

During this phase, you are doing a nuinber of things.
You are assessing the business environment: political,
financial, and community, And you are making a per-
sonal decision about whether you actuaUy have the per-
sonality to be involved in small business,

I' ve heard a number of jo!n:s about small businesses.
One of the ones that I found more humorous was thai
the small successful business operator is lucky to end
up only having to work ha! forays, That is, 12 hours our
of every 24, seven days a week. And that's close to the
truth. Many people I know in smaH business, whose
business may be earning less than $200,000 a year in
gross sales, put in that much time.

You need to determine whether you have the per-
sonality that a smaU business owner must have. You need
to know if you have the technical skills involved in a
smaU business. Some businesses require a good retail-
ing background; some, good marketing. Others are more
technically oriented where you' re actually manufactur-
ing a product or where you' re farming or growing a
product. That's a question that needs io be asked.

In my work over the past two years, I' ve definitely
found that with decline of oil revenues in the state and
the change in state spending, entrepreneurship is chang-
ing rhe face of Alaska. Every week I read new artie!cs
about people who want to continue to !ive in Alaska,
they plan a business opportunity, learn all they can about
that opportunity, and then go out and rea!ize it.

Right now, we are in greater numbers involved in
manufacturing, building, brewing, growing, and
harvesting things of aU kinds. Those of you who live
in Juneau know that beer is being brewed in the state.
Mattresses and car batteries are being made in Fair-
banks. I was surprised to find out that aluminum boars
are being fabricated in Vna!ak!eet. Of course, we are
aU aware of wild berry jams and smoked salmon. Pnrato
chips are being made in the Matanuska Valley. %e've
had mi!k for quite a while. And there are furniture
builders. Alaska sausage is famous. And, surprisingly
enough, paint is being manufactured in Alaska. The~e
business opportunities are available for the bokl and ven-
turesome. They are not for someone with a weak heart.
And not for someone who likes a lot of comfort
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Aquaculture is one of those new opportunities that
I believe is headed for a boom. We have all the natural
and necessary resources for aquaculture. What remains
in order ta open up the field is resolution of a number
of economic policy questions on the state level. I'm sure
that, attending this conference, you a.lready are aware
of what those debates are, or else you soon will become
aware.

I'm not going to cover permitting and financing,
because my preliminary copy of the agenda indicated
that those subjects would be covered separately from
mine.

As with any small business, in aquaculture it's go-
ing to be your responsibility to make a profit to survive.
Now, that's an easy concept to put on paper. You take
your casts, both operating and administrative, which are
generally broken down on a financial statement, and yau
try to make sure that those are less than the price that
you receive for your product. The difference will be your
profit. That's an easy concept to put dawn on paper,
but it's a very difficult one to carry aut. In order to make
that profit, you' re going to have ta have people to pro-
duce that product for you, you' re going to have to turn
out an excellent product, you' re going to have to turn
it out at the right time, and you' re going to have to have
a market for it.

Now, look at the plight of the regular American
farmer these days. I'm sure that you' ve seen, as I have,
many times the foreclosure sales on the evening news,
and the anger of farmers who are the best producers af
farm products in the world. They are the most efficient,
they produce at the lowest price. They have very good
capital equipment and machinery, and they are right at
the peak of technology. I'm amazed at the technology
that some of these farmers use. And yet, because the
world is oversupplied with some of the products they
are dealing with, and because of certain changes in con-
sumption patterns of their preliminary markets, a lat of
these farmers are hurting. Many of them have not
adapted to changes.

What I'm telling yau is that if you go into an aqua-
culture business, it's going ta be a never-ending battle,
a continuous battle, to make sure that you maintain all
the elements of a successful small business,

I want to make it clear that, as part of the universi-
ty, I'm passing no judgment on political debates about
aquaculture that are taking place right now, They went
on during the last session, and I suspect they will be go-
ing on again this session. I paid a small amount of at-
tention to what was going an. I do read a number of
the major fishing periodicals and am somewhat familiar
with the debate, but I want to let you know I am not
an expert in aquaculture. What I am telling you about
is based on my training in what it will take for you to
start a small business. It should be made very clear,
however, that if you plan to start an aquaculture busi-
ness, you should pay attention to that political debate,
you should understand what is behind both sides of the
argument, because that will affect your ability to

maneuver in whatever community in which you choose
to live. And it will probably affect you for years ta come,

Evaluating Skills and Expertise

The first question I think you need to ask yourself
is, do I have the technical skills that are required for
this particular business? And I'm talking about any bus-
iness, really,! f you are going to ga into manufacturing
wood products of some sort, you need some basic skills
in that area. If you' re going into aquaculture and you
have selected a particular product, the first hard ques-
tion that you ask is, am I able to raise that product? Am
I familiar enough with all the requirements that go into
establishing a business, that is, the support structure
around raising that product?

Most farmers and most small business people are
jacks of all trades, and I' ve heard the phrase, "master
of none." We all tend to know a little bit about a lot
of things, and same of you may know a lot about one
thing. But most small business owriers know a little bit
of everything and not a whole lot about any one thing.
But they tend to gain that expertise as they work in the
business.

These are several technical skills that you might
need in a small business. If you have to construct a facili-
ty, da you have the technical skills to do so? Also, you
need to know a little bit about site location. If water
quality and water temperature are important to you, do
you know haw ta measure that quality and temperature
and do you know the requirements of the product that
you want to grow? Do you have to protect your aqua-
culture product from predators? Will that require a cer-
tain type of facility? Do you know what type of feeding
facilities are going to be required for your business?
Storage space is important ta consider. You will have
a harvest and you will need space to keep your harvest
until it can be transported, If your product needs primary
processing, you will have facilities available for that.
Of course, office and administrative space are impor-
tant also,

Lots of this expertise you can hire aut to consultants
through various state programs, or you ran hire design
professionals and construction professionals. But you
still need to know what your requirements are in order
to converse with the various professionals with whom
you deal. Otherwise, you' re going ta get yourself an ex-
pensive education, and that's money you could put into
the actual establishment of the business,

Once you have the facility constructed, you will
need to operate it on a day-tray basis. Do you have
the skills, administratively, to take care of the bookkeep-
ing and accounting departments? It's a sad commentary,
but many small businesses in Alaska and elsewhere fail
because they cannot do the bookkeeping. Their owners
don't understand the concepts af cash flow, of budgeting;
they cannot, at any given time, put their finger on what
they have in the business, They figure if the money' s
coming in and they can pay the bills, they' re doing all
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right, Well, in a way they are doing all right, until cir-
cumstances start to catch up with them.

Your corporation will have significant amounts of
necessary maintenance and state and federal reporting
requirements. Depending on the type of business you
select, they can be rather onerous.

You' ll need to look into feed procurement. You' ll
need to look into whether you have a brood or a seed
stock available for your use. You' ll need to have
operating supplies. You' ll have ta provide for
maintenance and care of the product that you' ve selected,
whatever that requires, such as disease control. There
will be waste management questions that you' ll have to
think about, Personnel management will be extremely
important. There isn't a small business around that does
not survive on the talents of the people it hires. And
you' ll have to look at shipping, marketing, and trans-
portation.

Each of these small elements requires same skill on
the part of the small business owner. You need to assess
whether you either have that skill, whether you can hire
it, or whether you are willing to learn it. And I have
to add, if you are willing to learn it, you have to look
at the amount of time that you' ll be putting into a small
business, and consider if you have time to learn it.

Yau will work with a number of administrative re-
quirements. You wiB work with bankers, you will work
with other financiers, you' ll work with people who are
interested in buying your product, you'H work with sup-
pliers. By the time you get home at the end of the day,
you won't be willing ta do much more than kick off your
shoes and hit the couch. And that's the time you will
need for picking up the various skills I' ve talked about,

Potential Obstacles

The second thing you need ta look at is whether
there are any constraints on the type of business you are
considering. As I mentioned, political constraints will
inevitably affect your decision to start an aquaculture
business in Alaska today.

The debate over finfish farming has affected per-
mitting. There are questions of ulterior motives if you' re
looking at tidewater sites for an oyster farm. There will
be suspicions about your motives, whether you' re ac-
tually locking up the site for the future for finfish farm-
ing, You' re going to be suspect no matter what you do.

That's a constraint you need to look at and consider
in your own discussions about whether you have the
references to establish the business you want.

And those are not the only political considerations.
There will be other considerations, depending on the
community you select. This is not peculiar to aquaculture
farmers alone. I am sure that if you were trying to locate
a chemical plant in a community, there would be a sub-
stantial body of opposition to a chemical plant. An in-
dustrial plant that belches out a lat of black smoke also
would attract opposition. This is a standard part of do-
ing business in all communities. You may have all the

requisites for locating that business in the community,
but you will meet community opposition that will gener-
ally attack the establishment of your business through
permitting or zoning procedures and through site loca-
tion decisions, which are generally zoning decisions.
That is a constraint you need to consider.

Csrowth cycles for the various types of aquaculture
products are lengthy and if you expend a couple of years
getting the site you want in addition to a couple af years
of construction and going through problems, you may
be looking at four, five, six, maybe seven years before
you have a product to put out to market. You may in
the meantime be holding down a job to pay the bills and
cash can get pretty scarce when you have capital that' s
essentially unproductive.

As I understand it, toa, an important consideration
ta address now is location and source of brood or seed
stock for the product you' re going to grow. Some are
not available, some are available at high cost. We don' t
have a well-established business or industry in aquacul-
ture in Alaska right now, so you don't find an existing
support structure, That support structure will grow up
around you, but if you' re one of the first in the business,
it's not very comforting when you have to spend a great
deal of your time going out and looking for various types
of stocks that you nod.

Feed is another item you have to examine, As I un-
derstand it, feed is produced in the state of Alaska, but
that's only enough for the ocean ranching hatcheries
right now, and the capacity would have to increase if
the type of stock that you choose to raise requires feed,

As for finfish, again as I understand it, a supply of
the eggs or what is delivered to you is not available in
the state of Alaska right now. That will have to be in-
vestigated and you' ll have to locate a source far that,

And then, of course, in Alaska, one of the problems
we always deal with is transportation. If you' re not us-
ing a shore-based facility, if you' re using tideland some-
where, generally it will be away fram the community
and you' ll need to look at your access to that facility�
docks, highways or other sorts of transportation.

You have to consider your employees as well. The
farther away you get from a source of employees, the
mare difficult your logistical problems. The Greens
Creek Mine on Admiralty Island is transporting its
employees from Juneau to Hawk Inlet and that certain-
ly is a considerable expense.

Financing a Small Business

The third organized question you need ta ask is the
one we hear most often in our small business assistance
program: Where do I get the money? And I really don' t
know how to answer that one for yau. Most small busi-
ness owners typically have money from their own re-
sources such as from savings, family, friends, and rel-
atives. They beg, barrow, steal, and hustle. I can almost
assure yau that if you are going to start a small business
and yau don't have the money to hire immediately all
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~~ ym'rc going to have a very
difficult tjtnc genug any bank, partjcu!arty banks in
A!aska, lo fmaacc the ~ for you

You HI vct ~~ym, Th,srgu�ke
h tbe 6tct tlat Alaska banks ilo nut deal with ~h
businesses. Ihe second strike wjH be that a! ~ �
bank in tbe United States does not deal with ~ b

ahura bar none un!ess you hap
pen to have Ihc eoHatera! that wiH
loan that you'rc going after

hio r 4, ifyou have to borrow a ha!ftniHion
doHars and you have a iniHion dollars worth of real
estate, you'H probably get. the loan If you need to bor-
row a half miHion doHats and your home mortgage is
greater than thc remaining value of your bouse, you' re
not going to gct tbe !oan. I can pretty much assure you
of that.

Many federal programs require, as part of your psr-
bcipation in that program, that you gct a turndown from
two commercial banks. And those are very easy to get
when you' re starting up a stnaH busing, That's the least
of your difficulties,

You caa look at fortning a limited partnership or
a corponttion to gain some of your money, The Tax
Reform Act of 1986 has affected your ability to do that-
Both limited partaerships and corporatiom have been
used to lute ut passivC mvestors, people who have
$5,000 or SIO,OOO to lend and who are interested in in-
vcstiag in businesses that arc local. 'Ihe sainc is true Of

, where instad of becoming a limited part-
~. they bccosne actual ah~is of thc corpom-
tion and have a say in the, uautagcnantt.

Using either form will bc relative!y expensive for
you. I wouhl suggest strongly that if you are cons!der-
ing a lhnued partnership and corporittjon, you should
contact a CPA who has a strong tax ~, and an
attorney who's invo!ved ia orgatuzjng mall busjnet

There wiH be some foreiga interests that tnight
to fmamz. I recaH that the Norwegian delega-

t!one~c~ a ptogram in Jam' not !ong ago. I know
that the Uaitcd gjagdom and Japan and some of the

@Deem have in v~ outside of their
% ccamtrjes jn the aquacu!tare busmess, I'm not very

fana!au with that. 'linn might provide 5nancing fnr sonic
tmaH aquactt!tote businesses in A!aska.

And this is a guess, a conjecture on my part but
I won� cusp' that after thc state legis!azure and ad-

resolve ongoing debates about aquacu!tore
you may fuaj some prot!~ms avattab!e from the state
whether !oan guarantee prpgrarm, or actus! !oan pro
grams I m not sure. But my suspicion is that there wi!l
~y be some sort of support for the aquacu!tate in

y As I understand it, financing wiH be talked about
after I'ni done with my presentation.

Kolrwlng Yottr ~

~'l question io consujer is where are your
Huu dn they want". If you have any product

m~9 youn~tok owwhercvoucmse!! it~w!
you' re competing against. Many products will c~
against similar products. Pork wil! compete against beef,
chicken will compete against fish. You need to know
what will substitute for your product. That's in addi-
tion to the direct coinpetition. Scallops will compete
against scallops. Salmon wi	 compete against salmon.
That's the marketplace for you.

What buyers typicaHy are !ooking for is a good deal,
and not only a good dea!, but a product of consistent
quality and one that will be produced and supplied con-
sistent!y, So the quality needs to be consistent aad fhe
supply needs io be consistent. And price ojlen is a fac-
tor of that. If you take extra care of your products, it
may cost you a little more, but suppliers generaHy are
wilting to pay a httle more for quality, If you' re deal-
ing with another small business, a restaurant, for ex-
ample, they will be interested in consistent supply,
They' re not interested m hearing excuses, because then
they have to repeat that excuse to someone who orders
it off the menu.

Foreign mt rest wg! provde p ~ of your ~j
competition. Aquaculture products in Alaska should be
re92atively fairly positioned to compete against foreign
interests in U.S. markets, because we. don't have the
various barriers that are set up to import products into
this country. If you' re going from Alaska to Washington
with your product. you have an easier time taking the
product there than if you were a foreign interest. Where
you have a more difficult time is competing on price
because of the low cost of foreign labor,

You need to be award of what the world market is
doing. Just like the American farmer in the Midwest,

rneone in aquaculture is an extremely srnaH pMt of
a tuuch larger picture. And you need to know if wor!d
supply is soon to exceed demand, Right now, as I un-
derstand it, world demand is great enough so that new
supply can be accommodated, but if that equation ever
changes, then you must replace other products or com-
pete against them on price in order to sell your own.
Qy economic tradition, there is a set price at which you
should be able to sel! most of your product until you
get down to ihe point where you' re giving it away. If
you have to move your price down below the cost of
producing your product, then you' re out of business.
You should be aware of market threats that face your
business and be ready to meet them.

You also need to consider what it wgl take to ~
your product and who wiH actually be mar ketmg tt Wig
you hire a broker to market it". Will it have to be stored
for any length of'time". And if it has to be stored where
wiH you store it. If it's a fresh product, you'i'e going
to have to move that rea! quickly, If you fTecxe it
chances are thai you' re going to lose a bit of tbe premium
that goes with the appeHation "fresh."

If you wi!! bc trading on internationa! tttarkcts you
wil! have a whole new language to learn, Most of th t
language has to do with the requirements for shipping
in international trade, and dealing with irnporti export
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restrictions and financing terms. And again, in Alaska,
we may well have to deal with out-of-state banks that
typically have the expertise and who are set up to deal
with international finance. Alaska banks have some ca-
pabilities, but they are limited by their limited exper-
ience in international finance. Their capabilities could
increase as we have inore and more involvement.

PLANNING AND PRESENTING YOUR BUSINESS

Writing is Business Plan

Now that you' ve considered all the elements of or-
ganizing your business, how are you going to operate
il". If you' re going to fmd financing, if you' re going lo
be lining up partners, if you' re going to be talking to
people and trying to encourage them to work for you,
the best suggestion I can make for you is to have � and
participate in writing � a business plan for this venture.
A business plan is actually a written document that
outlines a number of points. Worksheet No. I, which is
in lhe Appendix to this paper, sets out an outline of a
sample business plan.

After making your plan, you should have accom-
plir hed two things. You will have learned an awful lot
about your business and how you plan to operate it and
how you plan to implement your policies. You also will
have a document that reflects all of the thought process
that has gone into il and that you can use to go out and
gel involved in the hard work of starting your btLsiness.

A business plan comes essentially in four sections:
policy, financial data, financial proposal, and suppor-
ting documents.

Policy

Very simply, a question of policy bas to do with
how you plan to operate within a certain segment of your
business. A staternenl of policy, for example, would be
"I plan lo raise such-and-such a product. I have selected
a product and I'm going to channel my skills and my
resources into growing that particular product." And
what you' ve said to potential investors and other peo-
ple potentially involved with your business is that you
have thought through what it is you' re going to grow
and you shouldn't change your mind in the future.

There are other items of policy you need to discuss.
A description of the business is one, You need to discuss
the market, as we' ve talked about. The market is crucial
to you, You need to discuss your competition. In most
sinall producing businesses, the area of coinpetition can
be exnemely large. For certain aquaculture products,
you' ll be dealing with Norway, with Chile, with Japan,
with British Columbia, with Washington slate, and
maybe with Oregon. You need to be aware of the com-
petition. Soine businesses wdl be dealing with local com-
petition. If you' re a clothmg retailer, you' ll be concerned
only with clothing stores in your location, In an aqua-
culture busines~, you' ll be dealing wilh a rather wide

group of producers that wiII be your major competition,
And they will be producing essentially the same prod-
uct as you. There are differences in their product, too.
That will be your competition. And, although in most
circumstances a small business owner will nol affect
either worid demand or supply for that product, you
should be aware of the world market, because it will
inIIuence what you do, And your policy statement should
reflect what it is you plan to do. If you foresee fairly
high start-up costs and a fairly high cosl of production
up front, but you' re able io reduce the cost ol'produc-
tion a little farther down the line, then that would be
a part of your strategy. If you produce a quality prod-
uct at a good price. you should do all right. But you need
to monitor that price and know your competition.

Another part of your policy statement should be
your business location. I mentioned earlier that you pmb-
ably won't be right near a coinmuni y. You might nol
be able to drive to your facility. You might have lo have
a boat. You might have to have living facilities at the
sile that you' ve chosen. That should be noted.

And, of course, you' ll have to transport your prod-
uct once it's harvested, and you should deal with thai
in a policy statement as well,

The primary reason for failure of du» small business
is poor management, Now, I'in not talking about fraud,
I'm not talking about malfeasance. I'm talking aboul
plain ignorance and bad manageinent � people who don' i
understand what is involved in putting logether a prod-
uct and selling it.

It's very important, when looking for financing and
for people lo be involved in your business, that you look
at the resou.rces that you have available as part of your
management team. If you intend to be the primary
manager, your skills wifl need to be noted and presenled
in a supplement to the busmess plan, probably with a
real dynamite resume. If you have partners, or if you
have other people who are going to be involved, you
should list what their resources are. If you don't have
those resources, your policy statement should refer to
the resources that you have in mind to use. If you can,
you should get a statement from those resources that they
are available, and that they have the expertise to help
you. Management will be a continuing concern of just
about everyone you' re dealing with, from suppliers to
consumer~ to employees, Everyone will be interested
in good management.Thus, anoiher policy section should be how you plan
to deal with that very precious commodity we' ve talked
about: whatever money you have managed to scrape up.
You will want a certain type of facility, but you will
end up with another type, I can assure you. Instead of
a Cadillac, you may end up with a U-Haul. But many
smaB buSineSSes Start Out that way, and you shouldn'i
be embarrassed about that. These funds are very precious
and your policy should deal with what you are planning
to buy, how you' re planning to use ii. What you alin
should do is look at why you need it. Can you do ii
cheaper another way'! What will the cquipmenl you' re
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plannmg to buy return to you? If you can buy a $5,000
boat or a g20 000 boat, and they both accomplish the

g maybe yoii shou%} go with thc $5,000 boat,
If you te going to buy an automatic feeder, maybe you
should contpare what it saves you in labor costs and what
it costs you in any other areas,

When considcflllg policy, in AIaska, you should be
a'ware that quality is important. We do not yet have a
large enough population to have skilled trained person.
ncl m all of thc repair fields that you' re going to have
to deal with, If you' ve ever lived on Prince of Wales
Is~ ~ ~ to get so~I to rCP ir your ~y
mac»ne. Or in Angoon or in Haines, you know what
I m taikiitg about. It's very diNcult to get skilled per
sonrtel to perform certain kinds of repairs, so quality
is impiarttua. Even though it might not be top-of-the line
in terms of aII the whistles and bells, it should be of very
good quality.

F inancial Data

Afler you have taken care of the policy section, then
you. need to deal in very, very fine detail with the finan-
cial data. Think of the presentation of the financial data
you develop as showing how you will actually manage
the business, Cash is the key to any small business. You
have to have lt, you have to keep it coming in, you have
to stop it going out as fast as it cotnes in. You also need
to know how to hold on to it without offending those
you' ve been keeping it from. It's a fact of business that
if you have 45 days to pay an account, you should hang
on to it for 45 days and then pay it on the last day. You
need that cash. You might not have it in; you' re expec-
thtg it ftom sotneiane else who is holding on to their cash
for 45days until they pay you, But you'li need to know
how you plan to use your cash, you' ll need to know in
all phases of business how it's actually being used, and
for those occasions when you need more of it, and it' s
not coming ia from sales, you' ll need to know how to
talk to bankers or whoever's going to finance your
business.

Ate vcty first step you need to look ai in establishing
this fmancc plan is to inake sure you understand book-
keeping. thai you have a bookkeeping system set up,
and you have someone to operate and maintain it. You
can set up your bookkeeping system by doing it in-home,
if someone has the skills. Or you can have a trained pro-
fessional do it For you and train you to use it, or you
can do a combination ot both.

There are essentially five control documents you
will use in assembling your financing data:

sheet � This shows the assets and
liabilities of your business lt is taken periodically from
your bookkeeping system You can take a look, at any
given tiine, at what you have.

2, income statement � This is sometimes referred
to as a profit and loss statement.

3, Break-even anaIysis � You'1l need this to figure
out the price of your product. It will teIl you, at dif-
ferent levels of profit, what can you sell, and for what
price, in order to break even.

4. Pro-forms � This is just a fancy name for a cash
fIow projection that shows on a monthly basis when you
expect cash to come in and what you expect to go out.
This document will also serve as a budget,

5. Deviation analysis � If you monitor your business
and you budget carefuJIy, you can do a deviation
analysis, which essentially shows the difference between
what you have budgeted and what you have actually
spent. That helps you budget for subsequent periods.

There are sainples of each of these documents m
the Appendix, And there are resources to help you fill
those out. I said earlier that I think it's iinportant if you
are planning to start a smaH business, that you actually
be involved in writing the business plan, that you do most
of the work yourself. And I say that because it's very
important for you to become familiar with the resources
that are available to you and the constraints that are go-
ing to be confronting you. And doing the worksheets
with someone who is more experienced is one way to
become familiar rapidly, It also helps you to be able to
monitor the business on an ongoing basis. If you sit
down, for example, at the end of every month for three
or four hours and perform your deviation analysis, you' ll
know where you' re doing well. It may alert you ta a
problem in the operations side of your business that you
can correct before your business hemorrhages so much
that it can't be saved.

One of the problems our SmaH Business Assistance
Center encounters frequently is that people will not pay
attention to finances until there are external signs of trou-
ble, such as attorneys or credit companies chasing you
or your supply being cut off for nonpayment. Once you
reach that stage, it's very difficult for you to resurrect
your business. And I'd be very concerned about any
business that reaches that stage.

By performing the deviation analysis, sticking to
your budget and paying attention to the finances, you' re
going to be a lot happier and a lot healthier.

Financial ProposaI

The third part of a business plan is putting together
the financial proposal. If you plan to borrow money ar
if you' re going out for a limited partnership, you should
say what you' re looking for. If you want 20 limited patt-
ners at $5,000 each, or 10 at $10,000, what can 1ittxited
partners expect in return for their investmeot?

The rest of the plan should show how you plan to
implement the business, how you plan to grow, and the
skills and the expertise that you have to make that busi-
ness grow. 1IMSC investors are going to be looking three,
four, five years down the road to see if you have the
capability to carry out what you have planned.
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Your financial proposa! also should discuss how
you' re p!arming to run the business, what cash you' re
putting in, what debt you' re going to be contracting for,
and what equity you' re going to bc trying to attract from
the limited partners or shareho!ders,

It's also important to set out what it is that you' re
going to buy, what you have to invest in, such as build-
ings, capital facilities, and other expenses «nd equip-
ment. Everything that you plan to spend shoukl be fair-
ly well detailed.

Supporting Docurrients

In the final section, we deal with supporting
documents. You may already have a site location. You
might have worked on the permitting process so that you
are relatively assured of ii. And perhaps you have a map
of the location. That's a supporting docuinent. You may
have resumes of the principa! people who are going to
be involved in your firm. You will probably have sales
quotations from capital equipment that you plan to buy.
You may have a!ready contacted buyers and from those
buyers you will want to have a lener of intent to buy,
You wi!l want to have letters from brokers indicating
that they can move your product, and some indication
that they are successful brokers. You will probably want
letters of reference testifying to your good character and
to your long-standing position in the community. If you
have already !eased a site, or if you are leasing equip-
ment, you shou!d use that lease as a supporting docu-
ment. If you have incorporated, the incorporation

papers, the by-laws, that created that corporation, should
be avai!able,

RESOURCES

It sounds like a lot of work, and small business is
a lot of work, It's a never-ending process. Successful
small businesses, aker five or six years, can afford to
hire people for management, to take some of that burden
off, but during the start-up phase, if you are noi well
heeled, and you can' t afford those resources, you' re go-
ing to be doing a lot of work yourself.

These are resources available to you. This con-
ference is one. And some of the individual organizations
involved are technical resources you can lorn to.

The Small Business Development Center in Alaska,
located in Juneau, Anchorage, and Fairbanks, with sa-
tellite offices in other cities, will provide sma!! business
assistance and help you put together a business plan, Co-
operative Extension, Marine Advisory Program, and Scs
Grant Program have resources available for your use.

In addition to state resources, there are plenty of
private consultants. At the end of the Appendix you will
fird a list of technical assistance providers in Southeast
Alaska that I have distributed in the past, and a couple
of documents to which I refer.

There is a publication by the Alaska Department o f
Coinmerce and Economic Development called Business
Ptanniag Guide, which might also bc he!pful. They are
se!ling it for $7, and it has a lot of information on how
to start a smal! business.
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SETTiiNG UP A SMALL
AQUACULTURE BUSINESS IN ALASKA

Do you have the technical skills required to operate the
business?

~ Can you install a seafood farming facility?
~ Are you capable of operating the facility?
~ If not, are the resources readily available?

~ Construction contractor with skills
Operating foreman

~ Laboratory facilities
~ Disease control is important, can yau handle it?

If not, are yau willing to acquire the technical skills?

2. Are there constraints on establishing the business you want?
~ Is the type of business politically possible?

-Salmon, black cod are not currently
possible.
-Scallops, Oysters, Mussels, Abalone, Little Neck
Clams and seaweeds are potentially possible.

~ Are locations available  need salt water/sheltered!
~ Is there a source of brood/seed stack available?
~ Is a source of feed readily available, if necessary?
~ Can you get the necessary permits
~ Are there any environmenta1 operating restraints
 waste?!
~ Will you have good transportation access for
supply and delivery

Where is your financing going to come from?
~ Banks are not a likely source
~ Personal resources, friends, investors
~ Limited partnerships, corporations, as fund
raising vehicles
~ Joint ventures with farci n interests
~ State programs  AIDA}, Federal Programs
 EDA, SBA!~ Foreign financing  Norwegian, Japanese, Etc.!

A. ORGAViIZIiVG YOVR AQUACULTURE BUSINESS
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4. Have you considered where your markets are and what
they want?

~ What product is your pnmary competitor
~ Is demand growing
~ Are there other sources of supply or competitive
products?
~ Who will sell your product for you and who can you seQ
to?

~ Are brokers important in your business?
~ What about transportation to markets?
~ Is storage required? If so, where?

5. %iH you be trading in international markets?
~ Must learn about export requirements?
~ Export financing is different, are there banks you
can rely on?

B. OPERATING YOUR BUSINESS

6. Do you have a business plan?
~ Describe the business and why you feel you can
succeed in it

Forecast profitability
~ Forecast cash flow
Prepare an operatin~ strategy

~ Form of organization
Establish a marketing plan
Are the personnel available or will they have to be

trained?

~ Market analysis and marketing plan

7. What resources can you turn to for help?
~ State of Alaska Division of Business Development
~ Office of International Trade
University of Alaska Southeast

Cooperative Extension Service
Marine Advisory Program
Small Business Development Center
Alaska Economic Development Center
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IiVTRODUCTIOiV

Fntrepreneurship is changing the face of Alaska. Alaskans in ever
~reater numbers are starting to manufacture, build, brew, grow, harvest,
produce and sell aH kinds of products and services. Paint, beer, mattresses,
car batteries, boats, wild berry jams, smoked salmon, potato chips, milk,
furniture, sausage and numerous other products are made in and are
available for sale in Alaska. Business opportunities are available for the bold
and venturesome  who have a little bit of capital!. One new business
opportunity being investigated by many entrepreneurs is the field of
aquaculture. Although aquaculture enterprises currently exist in Alaska,
they are on a small scale and are small in number. Yet the potential for a
business explosion in Alaskan aquaculture is real. We have all of the
necessary resources - tidelands, capital, labor and transportation. All that
remains in order to open up the field is for a number of economic
development policy questions to be answered.

You might be one of the entrepreneurs currently investigating
aquaculture as a business. If so, I hope to give you a little bit of advice on
how to start exploring the potential of aquaculture. Other topics such as
permitting and financing are being covered by other speakers.

Aquaculture is a business and as with any business, you must make a
profit to survive. Making a profit is a simple concept to put on paper. You
make sure that your total costs  operating and administrative! for producing
the aquaculture product you have chosen to raise, are less than the price you
can receive for your product. The difference is your profit. In order to
make that profit, you must work to produce an excellent product in saleable
quantity while holdin your costs down, and at the same time find markets in
which to sell your products for a price that covers both your costs ofProductiori and the profit you hope to make. Look at the plight of farmers in
the United States. They are the most. productive farmers in the world.
However, because of oversupply and competition from foreign producers,
they have come upon hard times. As a smaQ producer, you must realize that
you are vulnerable to world supply and demand. The demand is favorable
rig"t now to new supply. It wiQ be a continuous battle for you to maintain
your position should you choose to enter the aquaculture business.

Part of the continuous battle has to do with the political environment. I
Pass no judgment on the political battle currently being fought over finfish.
What the successful entrepreneur will do is monitor the debate and bePrepared to move to establish the business if or when the debate is settled.
h's presentation is being made to advise you on how to do that.
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Before starting your business, it helps if you begin by taking a
personal assessment of your skills and abilities. Section A of the outline asks
many of the same questions you must ask of yourself about what it takes to
successfully start and operate the business. If you lack any of the skills
outlined, don't despair. Most small business owners end up learning a great
deal about their business after they enter into i t.

Another type of assessment ypu need to consider doing is whether you
have the entrepreneur personality, What you must assess of your personality
is whether you are motivated to learn and to work very hard. It has been said
many times that small business owners are lucky - they get to work just half
days to be successful- only twelve out of the twenty four hours in a day.
Security, vacations, a regular dinner hour, time with the family: all take a
back seat to the successful business.

You also need to undertake an assessment of the political, business and
community environments in which you will be operating. The political
environment regarding aquaculture is very charged in Alaska at present,
with the major debate taking place on the question of finfish farming. You
need to monitor this debate if you intend to participate in any finfish farming
allowed in the future. If you intend to try a different type of aquaculture,
you. can start the process today. The business environment is another
important part of your assessment. If the economy is healthy, many of the
goods and services you will need should be available. As I mention later,
availability of brood/seed stock, feed, labor, and other items are limited in
places in Alaska. Finally, the community environment is important. You
need community support in order to survive. A hostile environment can hurt
your chances of success. Talking to political leaders, business leaders and
community leaders will help your chances for success.

In this presentation, Section A leads you through many of the steps
you will undertake in planning and organizing an aquaculture business. The
questions you must ask and answer are listed. Section 3 wiH discuss the
concepts behind preparing a business plan and getting started to operate the
business.
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A. ORGANIZING YOUR AQUACULTURE BUSINESS

1. Do You have the technical skills required?

As with any smaH business, you must either have the skills necessary
to start and operate the business, be willing to learn the skills yourself, or
hire someone who already has them.

Any farmer is a jack of all trades  except for the large corporate
farms!. Someone starting an aquaculture business will need to locate a site
and construct a facility with holding pens  if necessary!, protection from
predators, feeding facilities, storage space, harvesting and processing space,
office and administrative space, and other requirements. The expertise to
accomplish this phase of starting the business can generally be contracted for
through design and construction professionals, although there is a substantial
cost to do so. Some new aquaculture farmers can, and wiH, do much of the
work themselves. The advantage to doing the work is that capital costs will
be held down. The disadvantage may be an inadequate facility if it is not
properly planned.

You will also need to operate the facility. Constant day to day
administrative duties wiH have to be met, including bookkeeping and
accounting, federal and state reporting, procurement of feed, brood/seed
stock and operating supplies, regular care and feeding of the product, disease
control, waste management, personn.el management, harvesting andprocessing, shipping and marketing, among others. Each task involves skills
that will have to be available, if you don't have them or do not have the time
to do the tasks yourself.

Like all small business, you will be dealing with a number of
adtninistrative requirements. Production will have to be scheduled in order
to meet demand. Cash will have to be managed  since you wiH turn out aproduct and get paid only when it is harvested!. Good wiH with both brokers
and customers will have to be nurtured. The indeterminate number of smallproblems that can grow into big ones rapidly will also have to be handled. As
the owner, you may not have time to do them all and run the actual farm.

With finfish, disease control is an important part of managing anaquaculture farm. Fish need to be vaccinated and tested for disease. Smanoperations cannot afford the cost of a separate laboratory, so you wiH needto rely on the state laboratories in Anchorage and Juneau. Fish also need
regular monitoring for efficient utilization of feed, or fish husbandry.
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2. Are there constraints on establishing the business you want?

Political considerations will gievit~alig impact your decision to s tart ari
aquaculture business in Alaska for the near future. You should be aware of
the significant public policy debate occurring on the question of whether
finfish farming should be allowed in Alaska. Finfish farming is currently not
allowed. As a potential aquaculture farmer, you should become familiar
with the arguments being made both pro and con. Until the debate is
resolved, there are some species other than salmori and other finfish that you
can look at to be farmed, such as oysters, mussels and sea vegetables,

In addition to finfish restrictions, other political considerations wilI be
involved in whether you can start any aquaculture business, namely, the site
acquisition and permitting processes. Since most tidelands are controlled by
the State of Alaska, a state policy on leases for tidelands for seafood farrnirig
will need to be adopted. As for permits, there are a number of' them that will
have to be acquired, both state and federal, and other requirements that must
be met. Depending on your location, some opposition to your busiriess may
be expected. TKis opposition wiH generally attack the establishment of your
business through the site location and permitting processes.

An extremely important consideration to address now, and certainly
early in your phnining process, is location of a source of brood/seed stock
for the business. If you will be growing oysters, you will need a supply of
oyster spat to set in your farm. If you will grow salmon, trout, steelhead or
other finfish, you will need a source of brood stock  in the fry stage! to grow
to maturity. There are no Atlantic salmon stocks currently available in
Alaska, so your ability to grow Atlantic Salmon wiH be limited unless you
can order the supply from outside the state. &is will be difficult because of a
fear of disease transmission and the fact that importation of eggs or fry is riot
presently permitted. As for raising wild stocks of Pacific Salmon species
such as coho or king, it may take some time before a suitable supply of brood
stock becomes available. You may, in fact, have to spend a few fish
generations experimenting in order to develop suitable stocks for your use.
Think of this process as similar to domesticating wild animals such as the
buffalo for ranching.

Once you have managed to resolve the political questions and the
brood/seed stock requiremerlts, you will then need to feed any stock you
raise. For finfish, dry or semi-dry feed will be required, in substantial
quantities. Were is limited production of such feed in Alaska today, and the
feed produced is being used for existing fish hatcheries. Feed costs represent
a substantial portion of your cost of producing finfish, so a low cost supply is
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important. Just as important is a aurelia its source of feed, since losing stock
because of a lack of feed is expensive. Other types of aquaculture products
may not need feed.

Finally, transportation problems must be solved. Most aquaculture
farms will be located away from highways, docks and other transportation
facilities. Employees will not generaHy live within traditional cornrnuting
distances unless measured by boat miles. Weather will be a factor when
water transportation is involved. You need to solve these problems for your
sit. Some security wiH be required as well. This may require living quarters
at the site.

3. Where is your financing going to come from?
As with almost aH srnaH businesses, financing will be a source of

frustration. The majority of small business starts with financing provided by
the owner s!, friends, and people who have small sums to invest and are
interested in both local economic development and a good return on their
investment. In any aquaculture business, you will not be generating any cash
flow until you have fully grown product to seH. For Atlantic salmon, the
growth cycle is approximately 18 months. Other aquaculture products have
long cycles to maturity. The expenses will require operating capital for an
extended period before payback can begin. The only suggestion I can make
here is to hustle and locate the money where you can, in the quantities you
can. You should do your best to budget adequately in order to know what
your cash requirements are.

Banks are not a likely source for finding financing. In particular,
Alaska banks are not going to be familiar with the aquaculture business, and
therefore will have a reluctance to loan funds for an unknown business in
addition to their traditional unwillingness to loan to small businesses.

Forming corporations or limited partnerships are means of attracting
funds, but wiH require a well written business plan, and in some cases wiQ
have to meet other requirements. You should consult an attorney and tax
professional to explore these options.

Some fore ign aquaculture interests and fore ign banks may beinterested in investiiig in an Alaska aquaculture business. The Norwegianshosted an aquaculture conference in Juneau during the faH of 1987 and haveinvested in aquaculture businesses in British Columbia and %ashington StateTIie Uruted Kingdom and Japan also have aquaculture investments in foreign
cotintries.



After the aquaculture policy questions are resolved by the State of
Alaska, financing pro rarns could be started. Otherwise, the traditional
new enterprise funding through the United States Department of Commerce,
Economic Deve1oprnent Administration and Small Business Administration
loan guarantees might be a source to check out.

We topic of financing an aquaculture business is being discussed by
another speaker at this conference.

4. Have you considered where your markets are and what they
want?

If you have a product to sell, you need to know where you can sell it
and who and what you are cornpetUig against. You notice that I added "what"
you are competing against to the last sentence. Sometimes products will
compete against similar products. For example, pork versus beef, chicken
versus fish, shrimp versus scallops versus surimi based versions of bath.
Products will also compete directly against each other on the basis of species,
quality, availability  including reliability! and price. Scallop will compete
against scallop, oyster against oyster, etc. Coho against King against Atlantic
salmon. A buyer is usually looking for a good deal, and if given a choice of
suppliers, will buy from the supplier who can riot only produce a product of
consistent. quality, but at a fair price with a reliable and consistent supply.

You should examine whether demand is growing for your product. If
demand exceeds supply, you will not have to displace existing product in
order to start your business and your marketing costs should not be as high.
And, if you can turn out a good product, you may be able to sell it under a
futures contract which will provide you with some cash in advance. If supply
exceeds demand. then you will need to spend on marketing in order to sell
your product. What you will need to do is to displace existing product by
offering either a lower price or better quality, both of which are difficult to
do.

ln aquaculture, foreign interests are heavily invested and will present
the major competition to Alaskan products. Alaska is postured quite well to
be competitive in Ihe U.S. market against most foreign competitors.
However, low cost foreign producers  Chile is often mentioned as a future
low cost producer! may well be able to consistently undersell Alaskan
producers in the furure. You should be aware of such market threats and
have a strategy to meet them.
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Other important marketing considerations include who wiH seH your
product for you, how it will be stored, and how it will be transported to
market. Fresh product will need to be handled expeditiously, particularly
from Alaska. Brokers can move some product and traditionally do so for
many Alaskan fishing interests.

5. Vfill you be trading in international markets?

Finally, if you are going to be involved in foreign markets, you will
have to learn about export requirements and export financing. Many
Alaskan banks are not very experienced in foreign export finance and you
may have to deal with non-Alaskan banks in order to trade internationally.

There is a whole new language to learn when involved in foreign
trade. Most of it has to do with the requirements of shipping, and
meeting import/export restrictions. Phrases such as bills of lading,
letter of credit, tariffs, will have to be learned. Since many Alaskans have
been involved in fishing for wild stocks of salmon, they will already be
familiar with the requirements. If you are not, the resources are available to
assist you.

8 OPERATING YOUR BUSINESS

6. Do you have a business plan?

The business planning process, and the actual writing of a business
plan, gives you an opportunity to determine how all of the deinands ofoperating a business will be handled. You should~rsonallv be involved in
putting together your business plan. Although some of the elements may be
beyond your current expertise, going through the process of writing a
business plan will help you leam what will be required of you. Business
assistance organizations such as the Alaska Small Business Development
Center of Alaska, located in Fairbanks, Anchorage and Juneau, can assist
you with the business plan preparation. There are also a number ofpublications available to guide you. This section contains a brief guide to
what a business plan is and what it should c-ontain.

Worksheet number 1 is an outline for a sample business plan. Take»ook at
it arid examine the kinds of questions it asks. 1&is outline can be used as your
table of contents and will guide you in writing. This work book will go over
the sections contained in the business plan briefly. They are the questions you
need to answer before you will be able to start your business-
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FORESHEET M~MBER I

Outline of Business plan

«Cover Sheet

«Statement of Purpose

«Statement of Contents

I. The Business Policy Statement
A. Description of Business
B. Market
C. Competition
D. Location of Business
E. Management
F. Personnel
G. Application of Funds and Expected Effect

Business Interests of Participants

II. Financial Data

A. Sources and Applications of Funds
8. Capital Equipment List
C. Balance Sheet
D. Income projections
E. Breakeven Analysis
F. Pro-Forma Cash Flow
G. Deviation Analysis
H. Historical Financial Reports
I. Summary

III. Financing Proposal

IV. Supporting Documents

Sources of Information and Assistance
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Your business plan covers a lot of material, and at the end, you should
have a written document that you can give with pride to potential partners,
investors brokers or buyers, bankers, key employees and others. The final

duct,hould look good. It will represent you, your thou ht and planning
for some time to carne. It should also be a living document, revised when
�ceded, and frequently consulted to make sure your original plan is still on
track-

The Business Policy Statement

The first part of the business plan sets out the policies you wiQ be
following in operating your business. This section shows that you have fully
considered all aspects of the business and have settled upon what you wiQ be
doing. It describes how you wi11 be dealing with possible problems and how
you will deal with success. If you plan to grow, that plan for growth wiH be
reflected in the plan.

A. This first section should describe the business you are going into
and why you believe you will be successful at it. For an aquaculture business,
you should discuss the product you are going to raise, who you will market it
to, whether you are just starting out or buying an existing business, the form
of business organization you will be operating under  sole proprietorship,
partnership, corporation!, and when and how you will operate  date open,
hours of work, seasonality if applicable!. In particular, since aquaculture
business requires a period of growth before a product wiH reach market,
growth and harvesting requirements should also be mentioned.

B. Your market is crucial, and should be discussed next. If yoU can
specifically identify your market, do so. For example, will you be sellin
«ough a broker, or wiH you be marketing directly to restaurants,
smokeries, grocery stores, meat markets, or institutions such as hospitals,
Pnsons and schools. You should also discuss major market considerations
such as: will demand for your product be growing or declining?, is
co mpetition increasing'?, can you reduce your costs of production and
increase productivity in the near future? is your present capacity andplanned future capacity sufficient. for you to hang on to existing markets.
Market planning should be on~oing and wiQ, if properly conducted,
enhance your competitiveness.

C. As a part of market planning, you should also know yourcompetition. If you have local competition, note it. In providing aquaculture
products, your competition is essentially worldwide, although you do have
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some advantage in the U.S. marketplace through not having to deal with
import restrictions and tariffs. Since aquaculture is growing worldwide,
you should also be aware of and monitor future competition. If supply
exceeds demand, as has happened in many U.S. farming and ranching
industries, the most price competitive suppliers will prevail.

D. In discussing location of the business, you should note that
Southeast Alaska is competitively postured to support aquaculture businesses.
Transportation by both air and water is good. There is good tideland
available and the waters are clean, although political availability of that
tideland may be poor. As for specific location, you should identify your site,
its good characteristics, its access, and the improvements that need to be
made in order to support the business. Transportation and access are also
important consideration to note.

E. Every smaH business, aquaculture business included, needs
good management. A considerable number of smaU businesses fail because
of'managerial incompetence. Your discussion should include a description of
who will manage the business, what their ~re1ev n work experience is, what
duties and responsibilities each inanager will have, what salaries and benefits
wiQ be paid, and what the other resources available to the business  attorneys,
accountants, laboratories, consultants! will be. When looking at relevant
work experi.ence, certainly experience in the fishing industry, small
business management, fisheries biology and seafood marketing wiU count.

F. Personnel is another important consideration. You should
discuss the number of people needed, their skiHs, whether they are
available, part timers needed  if any!, whether overtime will be riecessary,
wages, training for inexperienced personnel, and seasonal requirements.
For aquaculture businesses in Alaska� it is also important to discuss any
logistical problems in getting your employees to work and whether they wiH
have to be housed at the site.

G. Regardless of where your funds are coming from, whether
personal funds or borrowed, you should discuss how those funds will be
applied  what will be purchased! and the effect you expect from those funds.
For example, if you purchase an automatic feeder, how many employees
will it replace, and at what cost. If you are purchasing a boat, why is it
required and what use will it receive. If you are installing capital facilities,
you should discuss the expense of installation and how it will help you
produce a profit. Each item purchased  or to be purchased! should be listed
and priced. You should be aware that quality is important in Alaska because
of the lack of availability of certain types of trained repair personnel and the
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distances required in order to travel to a site and make repairs. Invest in
quality when you can. If you are attempting to borrow funds to buy some of
the items, list the total available collateral you will be able to provide.
3orrowers wiQ be interested.

Finally, you should summarize the information you have developed in
this section, Mention the interest that each participant in the business wiH
have and how they wiU relate to the business, whether as board member,
manager, employee or passive investor.

II. Financial Data

In the financial section, think of your presentation as showing how you
will manage the business. Cash is the key to your business. You need cash to
start, operate and manage the business. You will need to know how you plan
to use your cash, how that cash is actuaHy being used, and when you wiH
need more of it. The first step in establishing your finance plan is to establish
your bookkeeping system. This can be done either in house by you or your
staff, or by trained professionals, or a combination of both.

There are five control documents to be used in preparing and
monitoring your financial plan. They wiH be discussed in more depth, butthey are the balance sheet, income or profit and loss statements, a breakeven
analysis, a pro-forma cash flow  projected cash flow that can essentially
serve as your budget! and a deviation analysis.

A. The first section under financial data should detail where you
expect the funds to start your business will come from, and how they will beapplied. Some of this work has been done in the last business policy section.
It should be repeated here in a slightly different context if you are plannirig to
try and borrow funds.

B. A list of capital equipment you expect to purchase wiH need to
be included as an application of the funds you anticipate borrowing.
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C. A blank balance sheet is shown in worksheet 2. The balance
slieet shows your company's assets, liabilities and net worth at any particular

. Balance sheets are aH similar except to the detail that one decides to go
into. The sample given is adequate for most needs and can be expanded if
necessary. The balance sheet can be either audited or unaudited If audited,
your accountant will so specify. Audited balance sheets may be necessary ".'or
some purposes. This means that an accountant has examined the books, the
controls established and has been satisfied that the records are accurate.

Balance sheets can also be analyzed to show the general health of your
business. As an example, working capital is calculated by subtracting
current liabilities from current assets. Low or negative working capital
indicates trouble.

D, A breakeven analysis is a calculation that tells you the number of
sales needed in order to breakeven, that is, enough sales to cover your
expenses. It is a good suggestion to underestimate sales and overestimate
expenses when calculating a breakeven. The basic breakeven formula is:

Breakeven Sales in Dollars = Fixed Costs + Variable Costs

This formula requires you to calculate your fixed costs, which are those costs
you incur whether you make any sales or not, and your variable costs, which
ate those costs incurred to produce your product for sale. Once you have
calculated your breakeven, you know the level of production you must meet
and sell in order to make a profit � assuming you can hoM your variable
expenses to their estimates.

E. The next important document is your pro forrna income
statement. Pro forma is accounting language for projections. You are
projecting what you expect your income and expenses to be according to the
best information you have available. You are going to have to forecast the
future. Worksheet 3 is a sample pro forma income statement with
appropriate expense items. You need to fiQ in the blanks with your
anticipated sales, expenses, and taxes to arrive at a projected net income after
taxes. Preparing the income statement can also help you budget your
expenses,

F. A cash fiow statement is probably the most crucial document of
the five control documents mentioned. Worksheet 4 is a sample cash flow
statement. The cash flow projects when cash is available and when expenses
must be met. The projectio~ is done inonthly and uses only actual cash
transactions. A cash flow allows you to plan for seasonal expenditures that
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tni~ht be higher than UsuaUy incurred. A good cash flow can also help you
keep any Qorrowings under a line of credit as low as possible so you don' t
accrue additional interest expense. Once the cash flow is prepared, you also
have a good budget to go by.

G. Worksheet S gives you two sample deviation analysis forms.
Qne for a monthly deviation analysis and one for a year to date analysis. The
deviation analysis allows you to use your budget  cash flow! to compare your
projections with actual expenses. Any deviation discovered can alert you to
either problems or opportunities. If your projections are high and actual
expenditures low in one month, you might be able to isolate the successes and
implement them permanently. If expenses are high and projections low, you
will be alerted to the problem early and be able to correct it.

H. Finally, any historica financial reports you have  such as last
yeah financial statements! wiQ be included. If not, then you may need the
personal financial statements of the principals involved in the firm if you are
seeking a loan.

III. The Financing Proposal

If you are looking for financing and using your business plan as a tool
to help find it, then this section wiH need to be included in the business plan.
By now, you have fine tuned your capital needs and will know what your
operating expenses are. In the aquaculture business, you are going to have
expenses long before you wiQ have sales to offset them with. You will now
know the growth cycles for the seafood you have chosen to grow. The
question now is, how wiU you finance the growth?

There are two types of financing for your business, equity and debt.
Equity consists of cash or capital contributed to the busiress. If the owners
put in cash and it does not have to be paid back, the cash becomes equity. The
same is true if a vehicle, a computer or other equipment is contributed.
Every business needs equity in some amounL Businesses with a small amount
of equity are considered thinly capitalized, which can create problems for
the business, particularly if there are not other resources available to the
business In partnerships, the equity in the business is represented by the
partn«s'capital and drawing accounts. In corporations, stock  common and
p««rred! represent the corporation's equity.

Debt consists of funds loaned to the business that must be repaid out of
earnings. Were are many different types of debt that you must become
familiar with. Long term debt is generally used to finance large capital
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WORKSHKET NVMBER 5

BUDGET DEVIATION A NA LYS'S
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improvements such as a building, facilities, and expensive equipment. Mid-
terrn debt can be used to finance vehicles, cotnputers and moderately priced
or short lived equipment. Short term debt is generally used to finance
operating expenses or inventory. Debt can be either secured or unsecured.
The various types of secured debt includes bonds, rnortgages, deeds of trust,
security interests, and pledges. Debt can come from any number of soutces.
Some business owners have financed some of their operations with credit
cards, personal loans from friends and relatives, bank loans, guaranteed
loans from SBA and EDA, stretching out accounts payable  trade credit!,
and factoring, among others. Some of these sources may not be available to
you, but you should be aware of them should an opportunity arise.

Your financing plan should balance debt and equity sufficient to allow
you to get a good start. Once the business is operating and you are making
sales, and hopefully profits, you wiH be able to replace debt with equity. Or
you may be able to replace bank debt with loans from the owners of the
business.

You should also outline your dividend poHcy, if you are organizing as
a corporation, and wage and salary structure, if you are organizing as
either a partnership or a sole proprietorship. Investors will want to know if
you have such policies established. In reality, dividends an.d high wages are
not generally available in a new business where all earnin s are generally put
back into the business.

I V. Supporting Documents

Supporting documents include any number of items you may have such
as construction plans  in abbreviated form! for the faciHty you plan to
construct, resumes of principals in the firm, sales quotations for capital
equipment you plan to buy, letters of intent from potential buyers, character
and reference letters, business documentation such as leases, partnership
agreements, incorporation documents, and any other important, relevant
information.

C. SUMMARY

If you have completed the organizational and plannin steps outlined

7. XVhat resources can you turn to for help?

There are other resources you can call on to assist you with your
business. The State of Alaska is interested in aquaculture as an issue, and
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once the policy debates are settled by the legislature, will probably
assistance to potential aquaculture businesses, either through co�t
technical assistance providers, or with information and other reso�urces. inc
Ma ne Advtsory Program and Cooperative Extension Service are val bl
resources. Fo>lowing are technical assistance resources available to
Southeast Alaska and some books and publications that wig
help you with both the business plan and with becoming current about
aquaculture issues and technology. There is an Alaska Aquaculture
Association that can acquaint you with the issues and technology.

Good luck in your pursuit of entrepreneurship in aquaculture.
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Tbc Tlingit and Haida Central CouneiL tbc regional
Alaska Native tribal enuty  ot Soutbeast Alaska. bat an
Economic Development Administration Rcdcvcloprncnt
Area grant to assist tribal members ~tb tbcir economic
de"cloprnem needL T 4 H baa rccendy formed a regional
Overall Eaeorn e Developmem program Cotntni tree to
nork witb village tribal entitiea m prepare botb local
oEDP plans and a regional phtn.
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Other Resources

Business Planning Guide. Published by the Alaska Department of
Commerce and Economic Development through Upstart publishing
Company, Inc., Dover, New Hampshire, in 1983.

Aquaculture in Alaska. Prepared by the House Research Agency, Alaska
State Legislature, February 1987. House Research Agency Report 87-3.

Salmon Farming in Alaska - Economic Feasibility and Socioeconomic
Itnpacts. By Robert R. Logan and John%eddleton, University of Alaska
Fairbanks. April 1987.

Alaska Marine Resource Quarterly, Cooperative Extension Service,
University of Alaska Fairbanks, USDA and Sea Grant Program. A quarterly
publication. 2221 E. Northern Lights Blvd.,4220, Anchorage, AK 99508.





LOCAL FINANCING FOR AN AQUACULTURE VENTURE

Bill Hall

Alaska Commercial Fishing and Agriculture Bank
Anchorage, Alaska

viabihty can be established, then there wiU be no shor-
tage of private sector capital,

Another way of making this last statement is to say
that one test of economic viability is the availability of
private sector capital. If I were to stop bere, I would
have the makings of a true "catch-22" pmposition. On
the one hand, financing for aquaculture will not be
available until eamomic viability can be established, and
on the other hand, the test of economic viability is the
availability of private sector capital. Fortunate!y, this
apparent dilemma does have a solution.

COMMERCIAL CREDIT
RISK AND THE LOAN

APPLICATION PROCESS

ECONOMIC VIABILITY

I am Business Development Officer for the Alaska
Commercial Fishing and Agriculture Bank  CFAB!.
This paper has inforination on what CFAB can do for
the aquaculture businessperson, and also general infor-
mation on local financing for aquaculture.

I address the subject of aquacu!ture not as a hiolog-
icat activity, bu  as an econoinic or business activity,
This is because my primary subject is local financing,
and an understanding of fmance requires soine discus-
sian of economic concepts and assumptions.

My first assumption is that to CFAB, the term fi-
nance means commercial credit. And commercial iTedit
means the extension of credit for profit, We all under-
stand that conunercial banks are in the credit business
for profit, but there has been some confusion about
CFAB's intended purpose in this regard. Let me make
it clear that CFAB is also in the credit business for profit,
What does this statement mean? It means that because
CFAB's equity capital from the state of Alaska bas a
repurchase requirement, CFAB inust earn a profit with
which that equity capital can be repurchased. It means
that because CFAB obtains additional !oan capital from
a commercial source, the farm credit system, and there-
by the bond mark@, CFAB must earn a profit with which
to pay for the interest that we pay on the money that
we lend to our meinbers.

Our profit motive is not an arbitrary pohcy deci-
sion of management. It is a condition of our existence,
It is a requirement for sustained viability. If CFAB fails
to earn profits, it will someday cease to exist as a source
of credit,

My second assmnption is that economic viability is
a prerequisite for obtaining coirunercial credit. Most of
your time at this conference will be spent learning about
snd discussing aquaculture in terms of its bio!ogical via-
bility. My advice to you is that for purposes of obtain-
ing financing, you must consider aquaculture in terms
of economic viabi!ity. Fortunately for all of us, I «m
not an economist, and I will not attempt to answer ques-
tions relating to the economic viabihty of aqoaculture
in Alaska, Rather, I will simply state that if economic
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For the purpose of obtairung commercial credit, the
solution to the foregoing dilemma is the loan applica-
tion process. This process begins with you, the prospec-
tive borrower, and it ends with the credit decision of
the commercial lender. Like it or not, the commercia!
lender will make a judgment as to the economic viabili-
ty of your aquaculture venture, at least in terms of its
ability to repay the proposed debt. It is, therefore, in
your best interest to understand the criteria by which
commercia! lenders eva!nate proposed ~ ventures.

It is fitting that the title chosen for this presentation
refers to aquaculture as a venture, because aquacu!ture
as it is being discussed at this conference, does fit the
dictionary definition of venture as a specu!ative business
enterprise. The dictionary also describes venture as an
undertaking invo!ving chance, risk, or danger,

The subject of risk has diNeretu ~s for dif-
ferent people. The fish culturist thinks of risk in terins
of survival rates, while the lender thinks of risk in terms
of profit and !oss. In an aquaculture venture, financial
loss is the probable result of poor fish survival; and since
I represent the lender, I wiI! discuss risk from a finan-
cial point of view.

It will came as no surprise to you that leaders are
concerned about the risks to which they expose their
capita!, This is because no lending program can be sus-
tained without a successful repayment program And the
success of any repayment program is a direct conse-
que~ of the risks associated with any business venture.

The quantification, evaluation, and ana!y sis af risk
is of great importance to the commercial lender, and a
great amount of effort is expended on loan applications
in an attempt to develop re!iable risk data. The past
history of commercia! lending has served io demonstrate
that this activity should be a vital pari of the lendmg proc-
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ess. However, no amoum of data can eliminate the fund
requirement for determination between acceptable and
unta~tble risk, This is the judgment call that con-
stitutes the essence of the credit decision.

The ability of M!r person Or persons to exercise
sound judgment in regard to risk is a function not onIy
of objective analysis of available data, but also thc sub
jective evaluation of the assumptions, components, and
circumstances of CaCh business proposal, Given these
judlmeahd requirements, thc lending institution and the
people who conduct the bushtess must follow certain
geacnd gtudclhtcs in the conduct of the kndirg activities.

ThC key ward ln ttus regard iS "general" heeauae
experience has pioducxcl soll% principles that have prov
en criticaI to thc sucCCSSful evaluation and managettmnt
of risk. ht CFAB's brief seven-year existence, these
principles have been given new significance as they have
been applied, or in some unfortunate cases not appl icd,
in th» Alaska seafood and timber industries.

CREDIT CONSIDERATIONS

With this introductory disciunion in mind, I will dis-
cuss these general principles by cxprcssing Iheln ul terms
of the factors or elements which a lender must look for
in evaluating thc payback potential of a Ioan request.
Thc best way that I know to do this is to discuss the type
of data and the guidclktcs that enter into a credit decision.

As Iendcrs, we know from experience that the pay-
haclr. potential of a loan request is good if the following
factors exist:
I . The business applymg for the loan has a long and

sucetnsfuI history of ptufttablc operation.
2. 'The owner has a substantial investment in the

business and, because of the money that he has
inveatcd, ls vitally concerned about thc COilduc't
of the business.

3. Th«existing debt of the business is not excessive
in relation to assets and cash flow.

4. Thc propose debt of thc business, or increase in
~t, can fcasollably bc expected to bc paid hack
from existiag cash flow based on past experience.

5, Thc applicants possess the financial resources to
survive cash flow failures due to production,
management, or market problems,

6. Tbc business has a viable financial plan for the
future.

7. The busmess has the manageria:nt abilities to caity
out the plan,

AB credit requests will, to some degree, be evalu-
ated in terms of the foregoing, In addition to this, risk
factors relative to production and marketing activities
of each business venture must be evaluated.

I'RODUCTION RISK

Production risk factors specific to a maricultvre
business are also faced by both the fishing and farming
industries, Mariculture, like farmiug, runs the risk of
CrOP failure, af, in the caSC Of fiShing, ruti failurC. But

mariculturc operators, unlike farmers, have very limited
experience with the successful culture of aquatic organ-
isms. Mariculture is, in essence, an untested technology

Please do not misuiiderstand my meaning here I
understand that there are successful mariculturc busi-
nesses in the world, However, the production aspects
of mariculture must be considered untested in Alaska,
because the success of a mariculture project is depen-
dent upon Jacal environmental conditions and the specific
biological requirements of animals and plants within that
loca! environincnt.

It is important to emphasize here that the produc-
tivity risk associated with mariculture is not only a func-
tion of the performance and abilities of the owners and
operators, but, more important, it is a function of the
technology itself. In other words, the question of huinan
ability is secondary to the question of biological viability.

The question of human abiIity in regard to credit
is more germane to the subject of management than it
is to production. And this includes not only those acti-
vities associated with product development and produc-
tion, but also those associated with personnel manage-
ment, fmancial planning, financial management, and
marketing. When all of these activities are consi.dered
together, they describe aquaculture as a business activity.

Unfortunately, developing businesses, such as aqua-
cuIture, are not always created by people with outstand-
ing business manageinent skills. They, therefore, have
a history of being undercapitalized in terms of fiinancial
resources and understaffed in terms of human resources.
Such ventures are usually created by entrepreneurs who
are committed to the development of new products or
services. Their very existence is dependent on tbe
creative abilities and drive of visionaries. The question
of management capability, or lack thereof, and its risk
is therefore a subject of great importance to the prospec-
tive lender.

MARKET RISK

The market risk for any new venture is great. The
market risk for a perishable product is even greater. No
amount of planning and analysis can guarantee market
success. The success of an aquaculture venture is inex-
tricably tied to the ability of the product produced to
compete in the marketplace. Marketing is, therefore. a
major risk factor in any new business venture,

CONCLUSION

Given the foregoing analysis, it is apparent that the
critical chaIlenge facing CFAB, or any lender, is one
of balancing the survival requirement of profit with the
reality of risk. Or, to put it another way, the ]ender must
make a determination between acceptable and unaccep-
table risk.

Unacceptable risk is the risk for which the lender
cannot create defenses against loss, It is a fact of fife
that leaders cannot charge their customers, that is, then'
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performing customers, a rate of interest sufficiently high
enough to compensate for losses due to nonpayment.
Given this reality. the conunercial lender has the obliga-
tion to exercise prudent and conservative judgment in
tbc conduct of his activities, because neither the lender
nor the performing borrowers, who make the lender
viable, can afford to pay for the failure of the unsuc-
cessful borrowers. Please remember, the lender is in
business to make a prolit; without profit, he cantxx exist.

For the potential aquaculture entrepreneur, the chal-
lenge is to convince thc lender, or potential investors,
that biological viability exists and that it can be trans-
forrned into economic profits. If an applicant does have
this capability, financing, such as that provided by
CFAB, is a realistic possibility.

QI.'RSTIONS AND ANSWERS

Q. Why is it that if you have, for example, an oyster
farm, CFAB won't lend money on it?

A. If you can convince CFAB that you have the fi-
nancial resources to manage it in a profitable way
and develop the profits, then CFAB would cer-
tainly be interested in looking at it,

Q. I' ve called CFAB at least three or four times, and
everybody else in the state, trying to find money,
I already have a successful aquaculture business,
and another one dealing with oysters, and
everybody I' ve talked to has said flat no, they
don't have any programs for mariculture and they
don't know anybody who does. It doesn't seem
like there is any, as far as I can see. I have a
business plan and proven capabgities in the field,
and I can't even get in the front door,

A. I' ll guarantee you right now you can get in the
front door at CFAB. I'm not going to teII you that
the answer will always be yes, There have been
soine changes in the- past two or three years at
CFAB, and if you have a proposal and plan, we
will take a look at it.

Q. It sounds like you don't finance any start-up opera-
tions, Is that true?

A. That's true. There has been some confusion about
CFAB's role. Early on, CFAB did finance some
start-up operations, and we' re paying dearly now
for not having exercised proper judgment.
Therefore, the policy of CFAB is that in order to
make sure that our program continues, we cannot
assume that kind of risk now, Again, there are
ways to protect against that kind of risk by other
resources, One way that I' ve recently learned
about is insurance against losses, Another is
guaranteeing repayment of the loan from sources
other than the actual start-up venture. But, in terms
of making the loan for a new aquaculture venture,
it is difficult to convince a lender that it's a pru-
dent thing to do.

Q, Has the CFAB board discussed putting a percent-
age of your annual lending capital aside for poten-

iial mariculture or aquaculture pro
A. No, they have not.
'Q- Ito you intend to ask thc board ah
A. We really do not oPerate that way, Wc

every proposal and decide whether we ~d
interest on such a loan. I suspect th t
««rectors would not bc interested in
a certain percentage of our resou ~ ncattng

specificbusineSSeS, Blit I Can t Speak fnr the
Agaul, I d like to emphasixe

about CFAB itself, Some pal scc CFAB as ad,
ment ~ or venture capital operation, The way CFAB
is stfucnlred, it cannot operate that way or ii wgl
to exist.

I have a fcw more comments ['d like to make to
you in the time remaining to mc. With thc full know~c
that I may be alienating Miss Garza, our chair I d Ilk
to introduce an unscheduled speaker who [ think may
have something to offer to you,  Mr, Hall at this point
removed his coat, tie, and dress shirt, and wearing a
t-shirt with a large fish on it, spoke as follows,]

AI.ASKAN AQUACUI. TURK REFILCHONS

Good afternoon, my name is Bill Htdl. I'vc been
a commercial salmon fishcratan for the past 26 years.
I' ve also been a founding director of the Prince Will iain
Sound Aquaculture Corporation, its first secretary-
treasurer, and, for a short time, its business manager.
 I'm sort of looking out of the corner of my cye to sce
if there is one of those hooks to drag mc olf thc stage, !

Belore I begin, I would like to inviie you to con-
sider for a moment those who have made past contribu-
tions to the development of aquaculture in Alaska who
are not here taday, My limited Csperienee irl thiS ac-
tivity does not qualify me to list aII the people who have
made such contributions, but there are two people wnh
whom I have had the privilege to work who aic v«y
special to me.

Wally Noercnburg was a biologist. Hc was a "
inissioner of the Alaska Departnicnt of Fish and ~
and an intelligent force behind the de«opmcn' f p"
vate nonprofit aquaculture in Alaska, Wsmy is no qt
with us, but his ability to sec the good « ~ le and
to work with people for the corninoii good s~hould serve

to guide all of us in our endeavors.
Armin Koernig is not able to be with us today

inin is a fisherman, and hc was also ihe dri«gvin force

behind the devclopmeia of private noaprofl'l aquac~
in Alaska. Arrnin's abihry io forge his vision mto a i

that coopty should serve to rermnd us all here today
erative effort can achieve undreamed-of suucccsscs The

that he is witwith us herc toda� for cancer atwho is rcceiv
pi'esere e usi for a mo-k yo" «pause with ' si o

"' 'f sdcnce in memory of Wgi
rn to health in the near

Thank you
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In I975 I got a small grant from the Alaska Hu-
inanities Forum for the purpose of organizing and host-
ing the g.t"s first %~Mt rc conference. Which was
held in Cordova on the basis of that experience and
subsequent experience with Ole development of private
nouprt fu ~ulnuc I would like to o5er for your con-
sideration same refl~ans that may serve to enlarge
your present perspective on aquacultme in Alaska and
enhance the value of this conference to you.

Ae first aquaculture conference was bclil in Car-
dova by the Prince William Sound Aquacutture Corpora-
tion with a grant from the Alaska Humanities Forum.
Thc grant was for $5,000, and we returned thc unused
portion to the Forum, which at that tiine wus unheard o f

We required that thc conference address not only
the biological dimensions of aquaculture, but also the
social and economic dimensions Also, the first con-
fercstce was part of tbe broader c5ort to accomplish ihe
specific purpose of producing more pirik salmon for the
purse seine fishermcn of Prince William Sound.

Those af us wbo werc involved in that effort were
faced with a double challenge. Ta begin with, we n~-
cd to cducatc ourselves and the fishermen of the Prince
William Sound area about the opportunities for salmon
aquaculture. We aIM fitccd the problem of designing and
implcnu:nting a political strategy for the purpose of
creating a new puMic policy which would serve to defuse
a new relationship between the public and private sec-
tors in regard to aquaculture development.

Wc did not realize at the time that we were engaged
in the process of change that few of us understood. We
did understand thc change in the ruurow sense, that it
was motivated by thc need of an organized group of fish-
ermen for morc pink salmon. That need provided the
motivation and the justification necessary for the crea-
tion of a pubHc nonprofit aquaculture program that has
produced impreimve successes, Unfo~y, the Shef-
ficld adtninhtration was convinced that thc world market
did not need morc pink salmon, The program conse-
qucrttly lost its momentum and ns source of funding.
Confusion has been the result af that decision and
disagreements over poHcy and purpose have crippled the
program since, The situation hss not improved.

Last year, with the introduction af legislation that
would authorize and facilitate the expansion of aquacul-

ture with new species and new inethads and for new pur-
poses, economic diversification for profit, the disagree-
ments have increased both in dimension and in the num-
ber of people involved. Many fishermen now see aqua-
culture as a threat, and when people are threatened by
change, they tend to act in a negative manner.

The situation must bc changed, It inust bc changed
because we all stand to lose as a result of adversarial
confmntation. On the other hand, the cornrnon good can
only be advanced by cooperative effort that serves to
define the means by which aquaculture can serve the
needs of all Alaskans.

As a fisherman and an advocate of private nonprofit
aquaculture in Alaska, I become very uncomfortable
when I hear opposition to salmon farming expressed as
biological arguments, which could be used against the
private nonprofit salmon ocean ranching prograin,

Last year, in Prince William Sound, of the fish that
were caught, it is estimated thai over 70 percent of the
pink salnum were produced by the hatcheries in the area.
As a fisherman who has benefited from such aquaculture
success, I am uncomfortable with the controversy that
has the potential to erode support from existing program
and, at the same time, preclude consideration of future
opportunities.

I'm also uncomfortable with the organized and cal-
culated effort to create a sysiein of private-for-profit
aquaculture apart from and outside of thc exishng Alaska
seafood industry. This effort can only serve ta increase
 he potential for conflict and disagreement.

Aquaculture and commercial fishing have a com-
inon purpose, which is the p roduction of food for prof-
it, The marketplace of the future will require and reward
only the producers who can provide a product mix that
responds to the public needs. This will require an inte-
grated and cooperative effort between the commercial
fishing industry and the emerging aquaculture industry.

In conclusion, I would like to propose that thc par-
ticipants of this conference adopt as their theme the fol-
lowing statcmem of purpose; "The Fourth Alaska Aqua-
culture Confcrcnce is dedicated to the purpose of bring-
ing Alaskans together in a cooperative and creative ef-
fort to define a ineans by which aquaculture, in all of
its present and potential manifestations. can be utilized
for the benefit of all."



INVESTMENT IN AQUACULTURE

Jim Fralick

Ministry Of AgriCulture aIId Fisheries
Victoria, British Columbia

Pbyska} Inputs

Infrastructure

The number of farms in British Colutnbia has in-
creased considerab}y, for salmon, between 1984 and
92987, The interesting thing is that British Columbia has
had aquaculture for years. The Pacific oyster was
brought to British Columbia in 1912 frotn Japan. Oysters
were brought from the East Coast around }923, and the
industry has been going in British Columbia ever since.
Trout culture was in operation in the inid-1950s. Sal-
mon aquaculture was actua!ly started in the early 1970s
with thc first pruduct bring sold about 1974.

The fcdcra! government estab}ishcd a demonstra-
tion farm in the early 1970s, as we!l. We cou!d have
competed with the Norwegians right from the start, and
the Norwegians would have been coming to us. For
some reason, we didn' t,

In 1984, we had 10 farms. The industry has in-
creased somewhat during the years 1984 to 1987, but
still not appreciably, In }984 and 1985 the total gross
sales was about $2 mi!!ion, In 1986 it went to about $6
million, which was largely the result of salmon sa}es.
And we anticipate that in }989 or so it should be over
$100 million to $150 million. We have a iota! gross sales
from fisheries of about half a billion dollars.

BRITISH COLUMBIA INDUSTRY

Investtnent in British Columbia aquaculture is ap-
proximately $150 million to $200 million. Virtually all
of this investment has been made in salinon aquaculture
during the past three years. To put this in perspective
a recent fedcra!-provincia! study identified the follow-
ing funding requirements for a typical salmon farm
operating in British Columbia:
1, 100 tons per year production
2. Capital costs of $200,000 �0 percent for cages

and pens!
3. Annual operating cost of $450,000 �5 percent for

feed!
The average proposed farm in British Columbia is

at !CaSt twice thiS prOduCtiOn Outplit per annum.
There are two different yet extremely important

components to the development of financing for
aquaculture. The first is the creation of a climate for in-
vestment. The second is the actus! mechanism for
investment.

Aurhrrr s ~ress: iViinrsiry nf ASrreuhure aud Fisirerres. Artuaeulrure
and CrrrnrnerrM Frsheries Brae.h. Brxi 1!nuglas Sr . Varrrrru~er. Bnrrsh
Columbia, VSW 2Z7, Canada.

Fourth Alaska Aquaculture Conferenzz
Nove~r ~987, Sitk,, At k, " I5

CLIMATE FOR PPirESGIIE!rtT

One must rea}ize that the creation of a good c}~
fo"cs~t m ~culture is ~~y b ya~ 8�"
COntral Of the private inveStOr. nius, SuppOrtive ~
tivities are- most likely tmdcrtakcn by, ant} are th
sponsibi}ity of, government and pri vase sector eleme~
who are proponents of aquaculture, It is essential
in mind that it is the investor who is the ultimate cors
Sumer in aquaculturC financing, Aquaeu}tare tnIIat be
marketed to the financier just as other products use and
the financier's preferences tnust be considered. They
cannot, however, be catered to totamy witbtnn regard
for the rest of society and so it may be necessary to
compromise.

What iS it that the ~ iS }OO}dng far vriherI Seek-
ing a new !ocation to develop aquacu}tare business'?

The basic elements must be avadablc to meet thc
physical and bio!ogkal needs for the culture of the
SpecieS in quCS'tion. ThiS iileaiis optii1lufn Of at }Caat aC.
ceptable water temperatures, sslinitics, currents, expo-
Sure 1O waves, and in SOme CaSeS SubStrateS. In addi ~
lion, there must be access to stocks of thc orgailism to
be cu!tured «nd supplies of food to sustain grovvth
locale must have these bask attributes before it can even
be considered for aquaculture although deficiencies
be overcome through cngineermg, 3ritish Columbia and
Alaska are highly desirab}c areas for the culnire of tnnny
finfish and shellfish.

Next we shou}d look at what is avai!ab}c m thc way92 ulturc- Itof infrastrucnire to support commercial aquacultII
iS eSSential that rhe aquaCu}turiSt have a rehab C
of supplying the farm with feed for thc stock arid other

gOOdS, as we}l as eff~eient tranSportatiOn tO tIIC rrut
place. This latter aspect is of grave importancejrl atpsa

culture because one of the primary attr}b' utes of aqaia

cu! ture is the high quality and freshness of the
HOwever, good tranSportatiun Systems a}SO oflen
cide with a stab}e labor market Much of
that is needed for aquaeu}ture Can On!y be Othrough hands-On experience On the farm which isrience c»up over a number Of yearS. This farm espend iong-le
not be acquired by transient workers, s-
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employees are unlikely to be available in an area unless
they have ready access to their family and homes. Such
access is dependent upon good transportation whether
by air, road, or boat.

Radio or telephone communications are required in
aquaculture to a much greater extent than is realized
before establishing a farm. Daily communications with
the head office, suppliers, and the marketplace is com-
mon. An investor who cannot have ready communica-
tion with his investmcnt when hc perceives a potential
problem is usually uneasy.

Discee diagiicsmc and health care of the Jarm stock,
~on, and extension services related to stock hus-
bandry and farm management are necessary if the busi-
ness is to bc profitable. Most individual investors or
firmr, cannot afford to provide the high level of technical
expertise and equipment that is required in these fields,
This is particular! y true bccem the cultivation ot' many
species is so new that standard levels of operation and
pcrformancc have not been set, Even the most elemen-
tary research and development is lacking with the culture
of nxist species, whcdm finfish or shcHfish. The transfer
of technology from other locations where success has
been achieved often leads to a new sct of problems which
require specific answers, For example, mussel culture
appam to bc very successful in eastern Canada and
across our border in the state of Washington, but the
few farmers who have tried mussel cuJture in British
Columbia find that mortahtics during the summer make
their farm's profitability tenuous. Similarly, due to con-
cerns for human health, areas of the coast are closed
because of paralytic sheJJfish poisoning. The problem
is that these closures cover a far more cxtcnsive area
than is necessary because there is insufficient capabili-
ty for government to monitor all of the stocks and there
is a desire to crr on the side of safety. TJic result is that
farmed shellfish stocks which have no trace of toxin are
~ from the market shelf because there is no one to
inspect and declare them safe.

Certainly the accountant's adage that a deal isn' t
made until the check is in the bank is true. But, unless
the product can be sold in the marketplace dlere will be
no possibility nf a check, Most financiers already know
that a product is acceptable to the marketplace and have
an idea of the price before making a decision to invest
in aquaculture, TTie question is whether ibis can be done
profitably, Today, seafood markets are strong but soon
the market wifi become very competitive and the im-
portance of Jowering costs of production and transpor-
ia»on to market will be realized. The prnxiinity to the
marketplace through reliable, low cost transportation
will become paramount The proximity nt British Co-
lumbia and Alaska in ihc Pacific Rim inarkeis puts them
in a strong position.

The investor, particuJsriy the overseas investor, is
usually very concerned about the attitude and role of
government as it relates to the business of aquaculture
A supportive yet laissez faire role seems to be the most
desirable. By supportive, I mean that government should
have a visioil of how aquaculture will fiit into tbe social
fabric of the con»nunity and be coinmitted to helping
aquaculture to develop within that vision even in the face
of adversity. This also means establishing policies for
development and providing stability by making only
essential changes to those policies as required. A year
ago British Columbia went through a major process in
this regard. Salmon farming appeared to be expanding
so rapidly that it would soon be out of control, and many
private citizens as well as government personnel became
concerned, The industry was composed of 30 farm sites
during the summer of 1985 but by November of 1986
there were 700 applicatious to set up new farms.
Although many people were encouraged by the prospects
for the establishment of a new growth sector in our
economy, there was also concern that development
would noi be rational and that there would be grave im-
plications for the fishing sector of the British Cnlumbia
economy.

Therefore, the Premier announced the creation of
a commission of inquiry. The inquiry was intense, pro-
viding 52 specific recommendations. The primary areas
of cvaJuation were:

Tbe unpact on commercial fishery operations,
markets. and localized produc ion-related
facilities.

Paten»al environmental impacts and effec on wgd
stocks.

Impact and involvement of local government and
interest groups.
Government approval and monitoring procedures.

A special government steering committee composed
of senior members from ail the provincial agencies
worked closely with industry to iinplernent the recom-
mendations quickly. Today, less than half a dozen of
the recommendations have yet to bc implemented fuJ-
ly, The moratorium on issuing new farm sites, which
was imposed at the time of the inquiry, has now been
lifted in stages depending upon the level of con Jhci and
as studies aix1 public meetings have been complc«d- in-
vestor confidence appeared io wane during the mora
iorium and in the wake of the policy changes that fol
lowed. However, confidence bas returned, largely as
resuJt of immediate responses to the recommends»nns
and government setting its course of action.

It is particular}y interesting thai although there wete
over 700 applications to initiate farms a yeai' ago. a re
cent government survey indicated only 129 sites w«
in operation during the summer of 1987.
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Regulation of aa industry is essentia! to ensure that
~s of conduct aad operation are established and
obeyed. Ia this way stability can be achieved, coidlic-
Uag resource users are considered, product quality is
assured, and the interests of society are protected. The
rcgu!atious must, however, achieve a useful purpose,
Othcrwisc the ability to conduct the aquaculture business
wiU be impaired and investors will go elsewhere or to
other industries. Without rations! regulations this in-
dustry cannot develop and with poor regulations it wil!
likely falter.

Once the climate for investmeat has been established
aud thc investor feels comfortable, the investor must
chouse a mechanism to inject his money into the
business, This is the point at which most people think
the investment decision begins. It is, in fact, the point
at which the investor begins to gain control over the in-
vestment. This coatrol is exercised through the iavest-
meat mechanism which the mvestor chooses to under-
take, Aquaculture as a business is risky and the investor
wants to minimize his exposure to that risk while simul-
taneous!y gaining frora the profitability. That profttabi!i-
ty raay be several years away given the time it takes to
grow most aquaculture organisins to marketable size.

I will now try to give you some indication of how
the 5! 50 million to $29! million of investment ia British
Columbia has been obtained.

Kqu!ty FInanclng

Trade Crcd!t

In businesses where a large portion of the expen-
ditures are made to a suppber such as the feed manufac-
turers in salmon farming, it is sometimes possible to ob-
tain trade credit. In this way the farmer is able to defer
the bu!k of the feed bill until the fish have gone io rnar-
ket. Because the requirement for feed is enormous rel-
ative io other costs, trade credit is a potentia! raeans to
reduce overall cash requirements, Several feed com-panies are looking at this option in British Columbia.

Some processing firms have offered product sales
comracts to fish farmers. These contracts a!!uw the
farmer to obtain working capita! in exchange for anagreeinent that he will seU his fish to the pmcessing firmat a specified price. A!though this offers the farmer
funds, it reduces his ability to make choices, such aito whom he may sell and how he will conduct hi.
business. Lcnders often take an interest in the manage-
ment of the farm once their funds are at risk.Some equipment inanufacturers have offered equip
ment in exchange for a direct or indirect equity posi
tion iu the farm. Not only has this led to farmers buy

MECHANISMS FOR INVESTMENTS

q"'ty fimancing may be obtained through private
p acements or publicly through the stock market.

private funding is almost without exception the
~s used to hiitiate an aquaculture business in British
C~l~mb~a. The owner puts up a sum of money in ex-
c~gc for ownership of a portio of thc business. As
additional funds are required, more partners are taken
'"+ «business and the origina! owner's share of the
b«iaess dcc!ines, even though thc overs!! equity ia the
b«mess has increased. This foriu of investmeul gives

o ers extensive control over the activities of the
business.

The Stack market iS anuther meChaaiSm for Obtain-
mg fiaK!s Seven aquaculture enterprises have chosen

hst their companies on the Vancouver Stock Ex-
~ge Thc tota! amount of capital secured by the com-

pan'es through this means has been approximately 40
' !'oa dollars. The problem with this iaethod is that

ownership is spread across a large aumber of people or
»ganizatioas and it becomes necessary to marker both
t»quacu!tare products and the business itself � often
rcsiiltiag ia conflictin objectives within the organiza-
tion. The cost of going public can be in the range of
S 0 IOO which in itself means that the goa!s of the bus-
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iness must include the dcve!opment of a very large bus-
iness. It is preferable to inake the big errors when the
costs are low, as when a company is smaU and learaiilg
froin its mistakes. Stockhoklcrs, on the other hand, want
dividends and higher stock prices which of necessity
result from greater production.

Firms that must depend on issue of stoA to finance
expansion can rua into diKcu!ty when stock prices faU
as they did recently. For exaraple, the stock. prices of
the seven compania listed oa the Vancouver Stock Ex-
change dropped an average of 33 percent between Oc-
tober g and October 30, ! 987. Although this docs not
affect the investment already in the companies, it docs
limit their ability to usc the stock market tu care for the
animals that were put into the sea during the suinrner,

Debt financing is another means to fmance a busi-
ness but it does require a great deal of confidence ou
the part of the lender. This is particularly true for ncw
ventures which do not have a proven track record dur-
ing their first few years of operation. In aquaculture
neither the industry nor the inshvidua! business have such
track records, The purchase of cquipmeat wou!d nor-
mally be undertaken through !ong~rm debt whi!c short-
term operating capital would be obtained through com-
mercial banks and similar institutions. However, because
of the perception of risk, these lenders demand high in-
terest rates aad/or extensive security. Since most of the
money will be tied up in equipment, which the !ender
views as having low resale opportunity, or iu the farm
stock, which is at risk to disease, predation, or escape,
security is often requested m the fcrrm of a horra: or other
property.
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ing equipment that they would not otherwise purchase,
but jt also ineans that some farmers have presumably
lost control of thc farm to the equipment manufacturer.

ggyERNMENT ASSISTANCE

T'wo years ago thc government in British Colum-
bia published a booklet on financial programs for aqua-
culture. Approaimatcly ten pmgrams were identified as
available to aquaculture business, ln reality, the num-
ber was much smaller � only two have been used to any
extent. Even these two programs have provided only a
fraction of the funding requirements of the industry, The
first of these programs is established under the Agri-
cultural Credit Act. It allows thc applicant to obtain a
loan of up to $300,000 for either capital purchases or
OpCratiOrlS, The intereat rate is prime plus one and the
bank is guaranteed payment on defaults up to 25 per-
cent of its portfolio. However, this is still considered
too risky by most banks and they either will not process
the loan application or require additional security from
the farmer before doing so.

The result is that alter the program was esrahlished
in I9g3, until thc summer of 1987 only 14 applications
had been forwarded for funding; of those, only 5 were
drawn, Currently, there are two loans outstanding for
a total of $340,000. Clearly, the program isn't working.

The ~ program is the Aquaculture Incentive
Program which is the only aquaculture-specific loan
available in British Columbia. It was estab!ished in 19g5
and aBows loans of up to $100,000 to be made frir capital
purim only. The farmer must match the amount of
thc loan in making the purchase bur. does not have to
make any repayment until years thrcc to five when the
loan is rCtired. Il iS intereSt-freC.

Fifty-six loans have been made under the program
for a total of $3.8 million. This is a very small fraction
of the funding needed by aquaculturi sts and there is no
indication that the program will be extended beyond its
five-year term.

SI.JMisLQtY

In closing, I would like to emphasize that aquacul-
ture has a great potential for economic development in
areas like British Columbia and Alaska but that it is a
new and not well understood industry. This lack of
understanding is not only m the production process but
also in the realm of public perception. Alaska is taking
a rational approach to establishing aquaculture by re-
viewing its implications and developing a strategy for
incorporating aquaculrure into the socioecononuc fabric
of the state It is important to realize that investors are
looking for a supportive and srable political climate in
which to develop aquaculture. If you are srrious aboul
aquaculture then you must consider the viewpoint of the
investor and take steps to meet his needs, while con-
sidering other aspects of society. Currenfly, funding is
the single most limiting factor to the growth of aqua-
culture in North America,

QUESTIONS AND ANSWERS

Q. How can the political questions involved in aqua-
culture be addressed, and how long will that lake?

A. I don't want to purport to you that British Coluinbia
has done everything perfectly. I think we' ve done
thmgs right. but nor necessarily perfectly.

We looked to Norway to see what they had
done. We could have developed in British Colum-
bia  and Washington as well! as quickly as Norway
did. In Norway. on the other hand, the government
had a very strong hand in it. They limited the siz.e
of the farms because they wanted the socioeconomic
aspect of it tu be a certain way.

ln British Coluinbia, and in the rest of North
America, we want something more private-enter-
prise motivated. And in the long run, what we' re
going to find is that when wc do get going, we' re
going to be as competitive. or more coinpeiitive,
as those other countries.

lt is important for Alaska to cominunicate with-
in the state, with the sectors that are here. and to
decide what they think aquaculture can do and how
it can fit without causing too much problem and too
much dislocation, That means a certain degree of
compromise. You don't have to lay out a five-year
plan. You have to develop a vision. and the govern-
ment has to communicate that vision to the investor s
so that they know where you' re going. You know
there are going to be some problems, became un-
foreseen problems are always happening in
aquacuhure, but you have to plan to work together
to resolve them. When you cornc out of the mora-
torium, you should have a direction and be prepared
to move in that direction.

Q. How did British Columbia resolve the conflict be
tween commercial fishermen and aquaculture? l
know that the British Columbia fisherman have a
strong lobby, and there must have been some
conflic.

A. It is not completely resolved. On the other hand
we'rc not getting lhe complaints that we were, ln
one area where there is a lot ol' fishing going on.
we declared a moratorium; then we had public meet-
ings, and consulted the fishermen who were operar-
ing there to find out what areas were absolutely
essential for tying up. If a fisherman sets his ner
in a small bay and then drifts into a fish farm, that
is a real physical prOble. We talked to them about
setting things up so that there wouldn't be such prob-
lems.

Obviously, there v:as compromise. Some peo-
ple aren't going to be totally happy with the solu-
tion, others are, Bul some of our problems were
solved in thar way.

Niarketing was one of thc earlier concerns that
the fishermen had. We' re flnding that many of the
processing firms who buy salmon from the fisher-
inan are also buying from the aquaculrurists. I think
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that's one of the important things to point out. Our
fsshing industry was picking up about 100,000 tons
of the five species of salmon in the last couple of
years, although the amount went down this psst
year. On the other hand, salmon aquaculture pro-
ducK only 397 tons a year ago. Only about 3 per-
cent of the l00,000 tons from commercial fishing
actually goes into the fresh seafood market, whereas
all of the aquaculture product is going into the fresh
seafood market.

We' re not alway s dealing with the same market
for fishery and aquaculture seafood. For a while our
assu.mption was that fishery and aquaculture seafood
were going io very different segments of thc market
and didn't have any relationship or effect on one
another, I'm not cure that's true anymore, at least
not on the positive side. A couple of years ago when
we had the strong fishery production, we didn't no-
tice any real problems in thc marketplace.

Last year, when the wild fishery production
was down, salmon prices were extremely high, and
the people were able io sell fish that wc normally
wouldn't want to scil into the market. But the con-
sutner was very happy with ii. There was nothing
wrong with the product: it just wasn't a premium
aquaculture product. So that leads us to believe that
there is a marketing relationship with the two
seafoods.

Q. What's the level of European investment in British
Columbia aquacuhure?

A, I don't know. We don't do any continuing surveys.
I would say thai it is relatively high, but I don' t
know how high,

Q. 1 was told that there is not as much conflict with
the conunercial fishermen as there is between the
union and land-baml operations,

A. I'm not aware uf a probletn with union workers.
There has always been an problem, at least a per-
ceived problem, between aquaculturists and fisher-
men, and between aquaculturists and the upland
owners. There are some areas where people just
don't want to see anything started, and it «ouldn't
rnatter what thc operation would be, they just don'i
want to see it in the area. No rnatter what the aqua-
culturist does, he simply is not wslconm, We have
other areas where people actually want aquaculture,
and want it badly. In fact, there are a couple of
regional districts in British Coluinbia, one on the
west coast of Vancouver Island, where consultants
have been hired to put together a compendium of
good sites.

In Washington state just about everything is de-
veloped, Na matter where the aquaculturist goes
either there is some industrial deve!optant or there
is some upland dcvekipmcnt that creates a problem.

In British Columbia and Alaska. there are some
areas where development is minimal and the possi-
bility exists that the people would be happy to see
aquaculture come in.





PANEL DISCUSSION FOR
MARICULTURE PERMITTING

Panel Members:
David Benton, Alaska Department of Fish and Game

Jeanne Hanson, U.S. Army Corps of Engineers
John Harmening, U.S. Forest Service

Dena Henkins, Alaska Department of Environmental Conservation
Diane Mayer, Moderator, Division of Governmental Coordination

Bob Palmer, Alaska Department of Natural Resources
Manny Soares, Alaska Department of Environmental Conservation

MS, MAYER: This discussion is limited to shellfish
maricuhure activities, Alaska legislation passed last year
prohibited the permitting of finfish farms, although there
is considerable interest in finfish farining.

Each of the permitting panelists represents an agen-
cy with authority for approving mariculture facilities on
public lands in Alaska. As regulators, we see several
aspects of acquiring approval for mariculture facilities.
The first aspect, and perhaps the most complex, is siting
of those- facilities. Siting requires approval from five
agencies, both state and federal. Our systetn brings the
various agencies together so thai the applicant has one
single review for the siting of the facility.

The Division of Governmental Coordination  DGC!
relies on the cooperation and expertise of the state' s
resource agencies: Alaska Department of Fish and Game
 ADF&G!. Department of Natural Resources  DNR!,
and Department of Environmental Conservation  DEC!,
to help the «pplicant identify what permits might be
needed.

lf a proposal is complex enough, the applicant
should come in to talk about it with the key parties from
the agencies. Once all the ntaterial has been subrnined
hy the applicant, our division will sct the schedule for
the revie w by agencies. Then we receive comments from
the agencies regarding their regulatory responsibilities.
We also coordinate with the federal agencies.

Attsrnnses: David Benton, Ahska ~nt of Fish and Genie, P.D.
3-2000, Juneau. Alaska 99802.
Jenttne Jtanstm, U.S. Anny Con ot Engineers, J'.O. 898. 4
Alaska 99506-0898.
John Harrnening, J.S.D.A., Forest ServKe, Region lo, P.O. 2 l628,
Juneau, Alaska 99802-l 628
Dens Benton s, Alaska Department of Environmental Conservation,
Environtra:ntar Quality Divnion, P.O. 26t, Douglas, Alaska 99824.
Diane Mayer, Alaska Division of Governmental Coordination. P.O.
AW, Juneau, Alaska 998ll-06IS.
Bors Palmer, Alaska Derutrtment ot Natural Resources, Southeast
Regional Office. Diviston of Land and Water Management, 400
Witloughhy Ave., Juneau, Alaska 9980l.
Manny Soares, Alaska Dcparttnent nf Environmental Conservation,
3601 C St., No. 1324, Anchorage. Alaska 99503
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1VovemiJer l9lt'7, Sitka, Alaska

Based on Ihe comrncnls received, we identify issues
and then we provide a forum for thc applicant and agen-
cies to resolve problems, They may corn. out with a de-
sign change should that be necessary to meet stipula-
tions. If the issues cannot be resolved, the systetn also
provides a rapid elevation to the director.

There is a patnphlct available called Hottr to App/y
for Sprite Permits in AItsshr 's ortsrrtf Zone, which gives
the schedule and time fratncs for applying for a permit.

MR, PALMER, DNR: Alaska ~ thc tide and sub-
merged lands at the time of statehood from the federal
government, under the Submerged lands Act, The state
owns the tide and submerged lands fmm the hne of mean
high water  the average of all high tides! to the 3-mile
boundary. All the sites suited for rnariculture probably
fall within that range,

We have available two methods of gainmg the use
of state tidelands. One is a land use permit and the other
is a lease. Land use permits are temporary. Oyster
growers use them because the growers are in an experi-
inental phase-tesling area, trying out new techniques
trying to get spar.. There are no survey requirements or
pricing requirements for the land use permit. There is
just the filing fee and the $50 per acre use fee

A lease. requires a fuII-blown tidelands survey,
which can run $2,000 to $4,000, depending on the lo-
cation. That basically locks the permittee inso that site.
so if he wants to rnovc out, he loses that money. I ad-
vise people to stay away from consideration of a lease
when they are still experimenting The hdeland appraisal
requires an appraiser to establish a value of the- site The
appraisals are fair market values and are used to ctdculate
annual lease fees. These are all up-front costs, which
are risky. A land use permit does not have the land
guarantee present in a lease, but it does allow a farmer
to go into a maricuhure project at a relatively low cost.

During the process of land use rights, one of the
major concerns is user conflicts, Mariculture is just one
use of tide and submerged lands. Presently we have large
areas for log, storage, log transfer, refuge harbors for
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fishing fleets, and recreation and tourism, as wefl as wil-
dcrncss values that need to be protected. All these com-
pete with mariculturc for sites.

To evaluate an application, we put it through the
agency review as well as a public review. We make ad-
jacent landowners aware ol it, and we pui it in the news-
papers. In 60 to 90 days we have all those commen s
and we can evaluate thc cost vs. benefit of a specific
proJcct,

Documents are being produced now to help revie w
conflicts. Wc will use the cotnprchensive coastal zone
management plans, and we are presently developing
three hind plans that incorporate a lot of the tide and
submerged lands Onc is around Prince of Wales, one
is Prince Williatn Sound, and one is now being started
for the Etolin Island area. These documents are useful
in deciding land uses, both present and future, on state
tide and submerged lands.

MR. HARMENJNG, Forest Service: The U.S. Forest
Service feels that mariculture is a valid usc of the na-
tional forest lands, where it is consistent with upland
uses. Wc feel it is very important that wc are contacted
early in the pertnitting process and that coordination ex-
ists bctwcm all the agencies. A lot of problems occur
when a person goes through only one permit process,
for example tidelands. and then finds out that he has dif-
ficulty getting other necessary permits,

Permits are required for all comincrcial activities
on national forest land. Several criteria must be satis-
fied before upland usc can bc permitted in a national
forest. For connnercial special uses: II! Ther» cannot
bc any private land available for that specifi usc. It must
be demonstrated that the national forest land is the only
land available for the particular commercial activity in
that area. �! The project must be in the public interest
and consistent with regional land usc plans.

Thc currem U.S. Forest Service policy is that we
will not issue any permanent special usc permits, Mari-
cuhurc is fairly ncw and it docs tic up areas for a long
rime to the exclusion of other uses. A permanent use
is defined as an cxclusivc right to thai use For 10 to 30
years. We have been issuing special usc permits for tem-
porary uses that are rcnewablc annually. Once a person
can show that his project is viable, that hc is making
money, that hc is a bona fide mariculturist, then wc will
consider issuing a morc pcrinanent permit, We rcaI'
thatat thc lack of a permanent permit can bc a problem

ize

for some of our applicants in obtaining loans,
Thc application process for a special usc permit

starts at the local disirici office. There are four forest
service areas in Alaska: the Chugach forest, the Stikine
orcsi area oui of Petersburg, the Chatham area out of

Sitka, and the Kcirhikan area. Each of these forests has
administrative units that are responsible for land mana e-
m eni. At ihe district office we can tell you whether there

gc-

are any conflicting uses in the area. Wc can discuss with
you ihc permits that will bc required from the other agen-
cies, We can discuss what the land use management Ierne p anshows for that area. And if we have some problems, the

applicant will find oui early enough so another site can
be chosen,

Few of the forest service areas are good for rnari-
culture purposes and free of conflirts. As the industry
grows, more and more conflicts will become apparent.

The original Tongass Land Use Manageincnt Plan
was approved in 1979, and is currently being revised.
The plan is revised every 10 years. Some of the new
things that come along, such as mariculture, have to be
addressed. I suggest io each one of you that you get in-
volved in that process; respond io the announcements
for public participation in the planning.

MS. MAYER; Having talked to the land inanagers re-
garding siting requirenicnts, we now can. go on to other
regulators on siting issues.

MS. HANSON, Corps of Engineers: We have an ap-
plication packet available. We have jurisdrction through
Section 10 of the Rivers snd Harbors Aci of 1$99 and
Section 404 of the Clean Water Act, Under Section l0,
any structures that are in or affecting navigable waters
of the United States require a Department of the Army
perrmi. Under Section 404, any work that involves the
discharge of dredged or fill material into waters and/or
wetlands of the United States requires a permit. Mari-
culture activity requires a permit under Section 10 and
under 404, if any of the upland areas are to be lifled.

At present we are working on a coordinated pertttit
application so that once the permit process is started,
the applicant won't have io go froin one agency to the
next trying to gei the permit issued. We want to make
it a more efficient process,

Presently the Department of the Ariny permit sys-
 em involves a 30-day public notice period. ReguIatory
considerations include  but are not limited to! naviga-
tion, safety, esthetics, general environmental concerns,
fish and wildlife values, water quality, and the welfare
of the people.

There are certain requirements to complete an appli-
cation. We need a site drawing. an overview, a cross
section of your project, and a vicinity inap. The vicini-
ty maps have to be good enough so that somebody from
Kalamazoo can read them.

Once we get a complete applicauon we issue a pub-
lic notice. During that time different agencies comment
on the application; then we send the conunents to the
applicant. At that time the applicant can either rebut or
work oui any objection that may come in from othe
p c who are interested in the area. At the end of thisI

time, we go through the environinentaI section of the
decision documcm, If we receive the proper certifica-
tion from the state, we issue the permit.
MS, HENKINS, DEC; The Environmental Quality Di-
vision of DEC has two major involvements with shcII-
fish mariculturc. Perhaps the most important is that we
avc to certify the Corps of Engineer perrrut,

Section 401 of the Clean Water Act specifies that
for any activity requiring a federal perm t th
isc gc into U.S. waters, the state must certify that



 he water quality standards will be met. This is cafied
a 40l certilication or a Certificate of Reasonable As-
surance, This certification decision is processed with the
coastal zone consistency determination.

If the activity is found consistent, a 401 certifica-
tion is issued within five days, If the activity is found
inconsistent, a 401 certification is denied and the federal
permit cannot be issued.

Our other major involvement with shellfish mari-
culture is the sewage disposal associated with a ~r
or residence cabin at the site. The departinent has to re-
view plans for the sewage disposal system, which also
includes gray water or wash water. It is important, par-
ticularly with shellfish culture, that the shellfish do not
get close to sewage contaminated water. The standard
that most commonly has to be met is a concentration
of not more than 14 fecal coliform bacteria per 100 mil-
liliters. If the system is the same as a single-family resi-
dence, the department rarely isrues a waste disposal per-
mit. We just review the plans. The department also does
not issue waste disposal permits for shellfish rafts thein-
selves.

MS. MAYER: Last year in the legislative session,
Senate Bill 297 passed which becaine known as the fin-
fish moratorium. Another aspect of that bill is that it ex-
panded the shellfish farming program in the state.

MR. BENTON, ADF& G: There are changes that relate
to both the siting and the stocking of shellfish farins.
Senate Bill 297, in addition to placing a moratorium on
finfish farming for a year, provided the Commissioner
of Fish and Game with the authority to issue permits
for spat collection for use by an established farm. This
change has opened doors and cleared a path for expanded
shellfish mariculturc programs in Alaska.

Following the passage of the bill, ADF&G got to-
gether with the other state agencies and with the Depart-
rnent of Law to look at the best system for facilitating
shellfish farming. The Coastal Zone Management Per-
mit processing system that is already in place was used
to devise a permit for ADF&G, which we called the
Shellfish Farm Permit,

The permit gives the department a role in the bio-
technical review of a sheBfish farm. We look for four
criteria in the plans submitted by the prospective grower.
We want to know whether there will be adverse effects
on fish and wildlife habitat and the natural stocks, par-
ticularly commercially important fish stocks, We look
at the relationship of the proposed activity and other ex-
isting uses; we coordinate with DNR and the U.S. Forest
Service when examining potential user conflicts. And
we look at the potential for success of the proposal, We
are not interested in whether somebody has the finan-
cial resources to initiate a project. We want to know
whether the proposed activity, including the arrangemeut
of the growing facility aud the site, are going to be suc-
cessful within a reasonable period, If two people apply
for a choice site, we want to be able to determine who
is more likely to be successful.
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As these discussions indicate, there are several dif-
ferent kinds of permits Obtaining a permit is a fairly
confusing process. While drafting Senate Bill 297 we
attempted to make the permitting process simpler for
the shellfish farmer, to eliminate the running arou.nd to
DEC, DNR, and ADF&G. We are now putting together
the Shellfish Farmer's Application Packet. This packet
will consist of oue questionnaire to bc completed for all
permits needed from state agencies io site the project.
That would include the DNR permits, DEC and water
quality permits, and coastal consistency � everything
needed to pul the facility in the water and start il up.

The other role ADF&G is going to play is that we
will have standards for transport permits. One of the
roadblocks to any mariculture activity is acquiring,
transporting, and holding brood stock. Previous to the
bfil passing there were no provisions for a prospective
grower to get scallop spat or mussel seed from the wild.
Bill 297 opened up that door. We reviewed the situa-
tion with the Department of Law and have revised our
fish transport permit in order to accxrrrunodate shellfish
farming, The original intent of the fish transport permit
was for the protection of wild stocks from disease and
genetic problems. We modified the regulations in order
to make ihe permit ~le to the ~ firrme with
the goals to protect wikl stocks and to make sure thai
there are no diseases or genetic prrrblems.

MS, MAYER: Now I woukl like to change the setting.
Let's assume it's a couple of years down the road and
you' re already sited and you are harvesting. TTsere are
requirements that need to be satisfied when harvesting
and proressing seafood.

MR, SOARKS, DEC: The Department of Environmen-
tal Conservation and its Division of Environmental
Health have the authority to regulate anyone harvesting
or priming shellfish. Before any shellfis can be sold
from a certain site, it is necessary for the state to in-
itiate a shellfish site certification program, Within this
program we have to meet the requirement that the Food
aud Drug Administration has set oui under the National
Shellfish Sanitation Program, Each state has to meet the
Food and Drug Administration requirements m order
to ship its shell fish interstate. Processors of shellfish are
also under this program, and must meet the criteria. DEC
tests samples and tests water quality m a given area. This
testing must conform to the criteria established by the
National Shellfish Sanitation Program.

Normally our section of the de~t is not con-
tacted by the grower until one or two years down Ae
line. This may present serious problems to the grower
if he should run inro a problem with water quality.

In many cases we receive copies of the Corps of
Engineers' public notice concerning the apphcation for
a shellfish sire. Mike Ostasz is our coordinator and he
normally contacts the Corps to discuss the proposal. Hc
wants to know what the grower intends to do on site,
what shellfish species are to be growii, and the method
ofharvesting. processing, and shipping.
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It can help tremendously if the prospective grower
would contact us prior to making final site selection deci-
sions. We can give the grower information on what to
look for, e.g., types of pollution. The farmer then can
pre-survey thc area to assess it for acceptability.

Our certification of that site normally would noi be
done until the farmer is ready to harvest, Certification
is tisne consutning and very costly and therefore we want
to be sure everybody has obtained their DNR and othe r
permits required for the site. It's possible to spend
$2,000 on site certification.

For any ncw surveys our depiutntcnt requires trans-
portation of personnel and samples from the site io the
nesren coinrnercial airport. For a remote site, we would
fly the mdividual to th» neatest cominercial airport and
the grower would trarssport that individual to his site and
back to that airport.

This does put a burden on the growers, but we have
bccn ~ the total cost up to this time. We have 55
new applications on file, and we are trying to determine
their status, If you are one of the 55 that we have infor-
rnstion about, you will be hearing from us through the
mail explaining the nature of the certification process,
If you have spat or arc nearing the stage where you will
have spat, and you wBl be harvesting within the next
year, we request that you contact us as soon as possible
because we want a six-month lead time to schedule sur-
veys. Only a limited number of these surveys will be
accomplished in this fiscal year. Right now we are re-
questing an additional position for spat surveys, But we
will have io wait for the next fiscal year before we can
do more than routine mainteiuuice inspections. Each year
we have to go back to the established farms for reccrti-
fication,

QUESTIONS AND ANSWERS

Q. My question is for the DEC, Manny Soares.
You' re probably aware of the problems of water
teathtg for bacteria. In Southeast Alaska we have
quite a few private certified labs. What is to pre-
vent us from using these private labs rather than
sending the samples all the way up to Palmer
within 24 hour?

MR. SOARES: The shegfish sanitation program does
not prohibit that. We have set up a custom-designed de-
livery service with the postal service that guarantees
dehvery to Palmer. This is not to Anchorage and then
Palmer, but it is direaiy io Palmer. Another practical
thing to consider is the number of sainples that we are
running and the costs in vol vcd. We' re pulling 15 water
samples per day from one site as pari of the certifica-
tion process. The department will noi cover the cost of
sending these water samples to a private lab as opposed
to sending therm io our lab where we already have the
personssel to sun the samples, If a grower wanted to send
them to a private lab, he would have io bear thai cost,
which is about $35 a sainple,

Q, This question is for the DFC, For testing sheI-
fish, with each shipment we have to send a pint
of shucked meat to the office. Can we certify the
site as with razor clam beaches? It's expensive on
a weekly shipment basis to send off $25 worth of
oysters each time. Would it bc possible to certify
a site for a mouth at a time?

MR. SOARES: We have certified the razor clam beach-
es for years. However, we have years of PSP  paralytic
shellfish poisoning! and bacterial history on ihcm. Many
of the areas in Southeast have only recently been cer-
tified. We have no history on them and until we have
estab!ished the required data base, we can' t say that you
wou't have to submit the product.

Q. Would a tidelands lease guarantee exclusive own-
ership or harvest rights to animals introduced on
the site?

MR. PALMER: We only permit species that are grown
on rafts. We haven't started on bottom culture yet.
Hunters and gatherers traditionally and legally have
harvested from beach areas and we don't require per-
mih for that. If soineone came in with sn application
for bottom culture, I'm sure we would proceed with it,
probably with a permanent lease. A permit does not give
exclusive land rights; only a lease does. A permit aOows
a specific structure to be put on tide and submerged lands
for a certain period of time. A lease would give land
rights.

Q. Is the high prcssure liquid chromatography
 HPLC! method ready for testing for PSP, as a
substitute for the mouse bioassay?

MR. SOARES: It's still in testing and has not received
final approval,

Q. If the mariculture bill does pass, how inuch morc
will it cost the state to fund regulatians an shell-
fish?

MS, MAYER; The Division of Governmental Coordina-
tion would have to add a person in the Anchorage and
Juneau office, We do not view the regulations of sheII-
fish farming as a real spendy item. The regulatory sys-
tem is in place and we would only have io absorb thc
additional number of growers, So two people ccrtaiiily
would cover it from our standpomt.
MR. PALMER: We based our DNR estimates on Briush
Columbia's experience. Right now in Southeast we have
three adjudicators  state land managers! and wc have a
case load of about 350. If we doubled thai, we would
have io double our capacity, add three more positions.
and add travel expenses,

MR, BENTON: When the moratorium was being con-
sidered last year, ADF4,G wanted about $40,000 to pic"
up our end of the bargain. If the numbers really mcrcase
we will need three additional people.
MS. HENKJNS: DEC has oot estimated additional co I
for shellfish alone, but we would need morc people.
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MR. SOARES: My section of DEC would need one ad-
ditional posii.ion in Southeast Alaska,

Q. What is the total time required to obtain the nec-
essary permits". I am a little discouraged by what
I have been hearing, What is being done to ac-
celerate the permftting process' ?

MS. MAYER: The time required for pre-application is
generally up to you. Once you get the applications filled
out and get a complete packet to the bureaucrats, they
will then be responsible for getting the papers through.

The state systein schedules 34 days of review by
the resource agencies. Depending on the comments re-
ceived and the degree of controversy, the regional staff
review of your proposal can go on out to day 50, and
that is another 16 days, It may take that long to get a
response from the interagency review that would result
in a consistency finding by the Division of Governmen-
tal Coordination, State permits should follow that find-
ing within five days. That would mean that within 55
days you should have your results,

The clock can be stopped if we find, in reviewing
your application, that we need more information regard-
ing the site. Sometiines a simple thing such as clarity
of drawings causes delay. If we need something from
you, either more or better descriptive material, that time
would be up to you.

There is an exception to this � when an application
for a lease is received. A lease normally is not issued
unless you are actively productive in the area. An ac-
tual disposal of state land is not subject to the additional
five-day limit and could take longer.

Thus, the consistency review requires 34 to 50 days.
The consistency review decision snd certification state-
rnent is then turned over to the Corps of Engineers.

MS. HANSON: As soon as we receive an aquaculture
application at the Corps of Engineers, we put out the
public notice �0 day period!. Our public notice time
runs concurrently with the state's review, Toad process-
ing time is 60 to 90 days from the tiine we receive the
complete application.

At the end of the public notice period, we evaluate
the coinments received. If it looks like we will receive
state certification, we send out a notice to you. If you
agree with all the conditions and stipulations that may
have been added to your Department of the Army per-
ruii, you sign off on it and return it to our office for
validation. At this time there is a charge of $100 for a
commercial venture. And once the state certification has
been received from DGC and DEC, you will receive
your validated Department of the Anny permit,

If we don't receive state certification, the perinit
would be denied, If there is no reason given why the
permit would be denied based solely on our require-
ments, it would be called a denial without prejudice,

So the total elapsed tiine is 60 to 90 days. Most of
the permits have been getting out within 60 days lately.
MR. HARMENING: When thc permit applications are
received at the U.S. Forest Service, they are dealt with

in the order received and each one of these permits re-
quires an envirorunentaI analysis to determine the im-
pact of the project. The way this piocedure can be speed-
ed up is for the applicants to participate in the environ-
tnental asiiesstnent hy helping acquue thc data or by help-
ing finance the detailing of sonseoae to the area.

A lot of the spcciaI use permit applications come
in For other uses. I can't emphasize strongly enough that
if you are anticipating going after a maricultuie site per-
mit to contact us early m thc game,

MR, BENTON Siinplifying the state process is sotne-
thing that wc did psy quite a bit of attention to this sum-
mer. We tried to put together a consolidated applica-
tion packet that would make it a loi simpler for some-
body who wants to shirt a shellfish farm. We hope to
have the application packet finished when thc ADFkG
regulations are ready to go.

Q, What about thc crltkal hahltat areas like
Kachemak Bay? I want to put a breakwater in to
protect my rafts from two-legged predators, but
according to the critical habitat reguhttions, I can' t
deny public access to my area, What's to ssop s
host From dumping iis bggcs aad poisonmg every-
thing I have? What can we do as mariculturists
in these critical habitat areas to doge legisiabon
and protect ourselves?

MR. BENTON: These areas are of great aleck to us.
The problem is thar the bradvnter might affect circuht-
tion, I suggest that you talk to sonteone in the depart-
ment to work out an alternative.

Q. In the lease prognun there is a clause that says "if
an appraisal is required... " Who makes the de-
termination if an appraisal is required?

MR. PALMER: Right now a formal ~ is the only
way we have of establishing a value, If you look in
Alaska Statute 38.050,70 you wiII find that it says "shall
be appraised by an approved appraiser," This involves
a master appraisal institute  MAIl appntiser. In Sotnheast
there are probably two qualified people to do this kind
of work,

Q, Requiring an MAI appraiser eliminates the small
businessman because of the cost,

MR. PALMER: I slpee with you, However. legislative
action woukl be required to change this requireinent,

Q. In critical habitat areas, barriers to mgress and
egress are ptnhibited. If I build a raft, I have auto-
matically set up a barrier to ingress and egress,
Has this been addressed?

MR. PALMER: The egress question is handled by the
Southcentral Region. This access question is a problem
for oyster rafts «ven in Southeast. There are stipuhttions
put on permits thai ssy that oyster growers cannot limit
access around their facilities. It is true that pleasure boats
could approach a farm site legally, come very close to
the rafts, and possibly pollute the oysters. Legi~!ative
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cfumgre or a policy change would be necessary to remedy
the sltuabon,

Q. ~re is an elchsslve ssse pmvision built into Jesse
agreements. How can exclusive use help us pro-
tect our sites?

MR. PALMER: Exclusive use applies to the land it-
self � tidelaltds and submerged lands, Navigable water s
are involved. Navigable waters are those that are deep
enough for a boat to travel. You may want to include
barriers in your development plan to protect your in-
vestment within the bourKhmw of the lease. The con-
struction of bamers  usually anchored boorns! has io go
through the revie~ process.

MS. MAYER: I would like to make a few comments
at this tiine, First, if someone has a permit he does noi
really have a land right, hut a right to put a structure
there. But with a lease, he has a right to the land. There
is a difierent land status involved with a permit and a
lease.

Second, if soinebody establishes a farm site, can he
tie up an entire bay? This is an issue involving lodges,
float hasties, or other commereiaI ventures. In the txtastal
program there is a standard regarding access. If some-
body gets a pernut for a commercial use, there still must
be some access because these are public lands. With the
gmwing interest in mariculture, we need to have soine
dialog about mariculture rerluirements. Perhaps there
should be some restrictions against other users of that
plot of ground for either safety or environmental heaJth
reasons, including waste discharging, We don't want to
make it impossible for mariculturists to safely carry out
their activity.

Third, w hen a specific problem is coming to a head,
the consistency review process can be used. This would
get all the agencies in on it. If you feel that an un-
reasonable condusion is being reached in your case
or that more poHcy should be developed to set a stan-
dard in the new industry, you might want to take the
conclusions from the regional review level and elevate
the findings to the director. You can use that elevation
process to raise the issue that established policy does
nor apply to new industry. In getting the approvals for
your business, you should feel that you have every pro-
tection available so that you can have a viable and pro-
ducuve business

Q. Is there a simphfted application or pertititting proc-
ess for subsistelce mariculture? Not diving, but
setting up an oyster raft for subsisten~,

MS. MAYER: Jf you are going to use public Jand and
if you are going to place structures in the water, you' re
going to have to go through the permitting process. It' s
not the commercial nature of it; it's the structure,

Q. So if we just ~ to put a couple buoys out with
a few hnes, we'd have to go through this whole
perrmtttng process?

MS. MAYER: There are some smaller-than-a-breadhox
regulations. There are ways that you can speed it up,
There have been some permits granted for small opmu-

tions which indicate that nobody cares about them. The
applicant still has to present a design for the perout.

MS. HAN SON: The Corps of Engineers has certam pro-
cedures that address projects that are smaller than a
breadbox. There are nationwide permits that have been
already approved. You should contact us; niayhe yours
would be pre-approved. These are only for individuals,
for example, a subsistence raft.

Q. Would you clarify what is necessary for growfsig
s caw~?

MR. PALMER; As far as land use goes, a seaweed
grower is occupying certain areas of tide and submerged
lands and would come ullder the salne category as 9 raft.
You would occu py public land and exclude others hxna
using it, so you would need a forrnal permit and to reim-
burse the public. for displacement. You would go ~
the same procedure as for an oyster raft,
Q. Are perfo~ requiretnents included in your

permtts?

MR, PALMER: As far as thc land use permits are con-
cerned, we are starting to ask peopJe what they have
done in the last couple of years when they come in for
a renewal. In our renewal letters, we' re asking what has
been done. We have 25 or 26 permitted sites for oysters
in Southeast, and I don't believe half of them are pro-
ducing or even have structures in place. So we' re going
to require the permittees to start putting their operation
in or we will open up the land to somebody else.
MR. HARMENING: The U,S. Forest Service does not
have any performance standards, per se, in the permits
right now. However, so far we have been involved most-
ly with minimal facilities. These permits are only on a
temporary or annuaJ basis.

After three or four years, a farmer would have to
show us that he needs additional facilities on the shore
and that he has a valid business proposal included in a
special use permit. Most stipulations in our permits relate
to performance on land facilities.

MS, HANSON: A Department of the Army permit is
normally issued for three years. Bul you can come in
before the end of that time and request a time extension.
You may or may nor have to go through the review proc-
ess, depending upon the laws in effect at that thtie

Q. Ir appears that the Corps of Engineers is the only
agency that has a performance requirement.

MR BENTON: Regarding shellfish farrntng permits,
ADFttcG will ask for an annual report from the farmer.
This has a couple af purposes. We would like to build
up a body of data regarding the environmental condi-
tions that lead to a successful farm. So we may ask the
farmer to help us out by providing this information..
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We also want to look at production. We want to
know, for example, what kind of spat is being used at
variotas locations.

MR. HARMENING: I have a few general comments
concerning the administration of forest service lands.
One rnatter is that if an area becomes very popular and
has several mariculture proposals, thc area would pmb-
ably go out on prospectus «nd there would be a cal! for
bids. In the future larger operations will require more
shore facilities.

The other matter is the franchise, A franchise in-
volves the exc!usive use of !and; it ties up a specific piece
of land, Generally the public may be able to navigate
around the commercial project using the franchise to ad-
jacent areas. But we a!I know that if the project is in
a small bay, quite often the physical presence of a com-
mercial operation is a deterrent to people using the area.

A!so. any type of onshore facility keeps people out
to an even greater extent, Before we consider an onshore
facility, a strong need must be demonstrated to us, and
we require an environmental ana!ysis or environmental
impact statement if the area is greater than a specific
size. We carefully scrutinize the purpose of the ap-
plicants because of the large number of permits that
come thrnugh our office. It's best to mform everyone
of this review process. If you are serious about doing
rnariculture. we want to help you,

Q. Many people who are interested in markulture
want to !ive close to their areas of production.
Would the U. S, Forest Service permit them to use
timber on that land for building a raft, a dock,
or some kind of shoreside facihties".

MR. HARMENING: Depending on your location,
there's a possibility that you could purchase the timber
at the site. We can have small district ranger sales for
that type of use. When you get your permit, you shou!d
discuss it with us. There would be some restrictions as
to where you can harvest the trees, how far back they
are, and how you pull them out. Each area has its own
set of restrictions on the sales.

g. I can see that a great deal of thought has gone in-
to this program. It is very educational and very
encouraging to be involved in mariculture. My
question is if somebody has a spccia! use permit
for a short period of time and then somebody else
comes in and asks for a lease in that same area,
what protection does the first guy have?

MR. PALMER: Legally there is not much protection.
It would fall upon an adjudicator in the DNR to decide
whether the permit holder has put forth a good faith ef-
fort. We can negotiate a lease up to � years in dura-
tion. We are pushing for a policy that will allow us to
negotiate the lease directly with those who have proven
up a site and have started production. However, right
now a prntection gap does exist.

Q. My concern is that these smag operations shouk!
support the people who are living in the area. My
folks started a farm on Kruzof ts!and and they ap-
plied for a lease «flcr IQ or 
 yersrs of hard work.
At that time the logging industry came thmugh and
made it hard for my folks to obtain the lease. and
they were squeezed out. I would like the farmers
tn be aware of this kind of thing before they get
too much invested. It would be nice if they could
be guaranteed some rights.

Q. Representatives of DNR and ADFdtG have
pointed out several statutory ambiguities. They
are trying to develop regulations, but obvious!y
there are some things that st!	 need to he addressed
legislatively. What I'm wondering is if ADFkG
and DNR are actively proposing so!utions to these
ambiguities, or whether they are passively waiting
for these things to be c!eared up by the legislature
or by constituents pressuring legislators,

MR, BENTON: Since the legislature went horne last
spring, we have pul together a working group with
representatives from DEC, DNR, ADFAG, Cnmrreree,
Governmental Coordination, aad Labor, We hav» im-
plemented the shellfish regulations, and we are putn.ng
together a series of informational items for the commis-
sioners and for the public and !egisiaturc that will ad-
dress the mariculture !ssues. We' re also looking at how
other parts nf the world are dealing with those issues.
There has been a lot of debate, especially about finfish,
We will be looking at all the options and out of that wi!l
come recommendations to address ambiguities.

MR. PALMER: The DNR is preparing proposa!s for
the !egis!ature. I would encourage those who are hav-
ing prob! ems to bring them to the attenuon of our of-
fice and the legislarors. Quite oAen constituents carry
a lot of weight with the !egislators.

MS, MAYER: The tuesttin of making changes is a good
one, If the departments have a question, the place to go
is the Department of Law. If there is no answer, it is
time to get legislation moving. Identifying where those
holes are comes with cx.periencc. When you sce them,
you shou!d report ro the appropriate agency.
Q. It seems to me that the departments cogect all the

information from the app!icants and know where
the statutory problems are, So the onus would be
on them to propose statutory changes to the legis-
lature. An indi vidua! constituent commun!cating
with one legislator is not nearly as effecuve as a
deparsment with a lot nf data and more. general
legis!ative solutions m mind.

Q. A given area in Southeast Alaska has a limited
number of sites that might be ~riate for mari-
culture. Five applicants might be good. fifteen
wnu!d be crowded, and fifty would be disastrous
for protecting public uses and values. This over-
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crowding occurred in our fisheries, and limited
entry is the outcome. Is the cstnsubstive ltnpact
problem bemg debated by this group, and if so,
what solutions are they looking at?

MS, MAYER: Cumulative iinpact is a most difficult
problem to project, The issue is certainly one that has
been articulated in the legisbttive debate. There are
several options. One is to keep issuing permits until we
run into the situation. Fisheries went to limited entry.
The oil companies call for norninations; once they have
seea the nominations they decide where would be an ap-
propriate place for an oil lease to occur. Other inode!s
will be created, because this is an issue we all are con-
cerned about.

Q. If we assume that there are l.imited sites and there
is a lot of interest in applying for sites, it is likely
that initial applicants will be people who are in the
information mainstream. It's possible that sites
could be tied up quickly before people in Alaska's
coed communities or villages take a stab at a
mariculture venture. Have you thought about giv-
ing preference rights to the occupants of coastal
villages � protecting areas adjacent to communities
so they can develop rnariculture sites?

MR. PALMER: The only preference right we have for
land use is the adjacent upland owners. We can negotiate
directly with them for certain purposes. Some corn-
rnunities have rights to the tidelands in and around their
communities. Sitka, Petersburg, and Wrangell all have
such rights, but these are cities. Farmers would not want
shellfish sites to be near communities because of pollu-
tion problems. Other than that, we can't even keep
foreign applicants from coming in legally. There is no
preference in existence now especially for Alssknns or
people living in the community.

g. A lot of people are concerned about floating struc-
tures and the problems of dealing with therm. How
does the Corps of Engineers deal with permits for
subinerged structures?

MS, HANSON: The Corps of Engineers' concern with
a submerged structure would be the same as with a struc-
ture that is floating, We want to protect navigability
under Section 10 of the Rivers and Harbors Act. We
would look to the Co~st Guard if the submerged struc-
ture were in coastal waters. The laws are there to pro-
tect navigation, safety, and public access.



80% TO CHOOSE A LAND SURVEYOR

RiCk G. Brauri
Petersburg, Alaska

This report is a response to a request for informa-
tion about services offered by registered land surveyors,
hsiw a land surveyor could assist n person in aquaculture
site preparation. and how to choose a land surveyor.

Land surveyors are experienced in gathering and
presenting geographic information and are trained to
measure various parameters of geography. During aqua-
culture site selection and preparation, a land surveyor
can assist the aquaculturist in the following ways:
1. Researching existing geographic information.

There is a great deal of valuable information avail-
able at federal, state, and local agencies that the
surveyor can assist in finding.

2, Preparing Corps of Engineers, Department of the
Army permit applications. All structures built or
operations conducted within the intertidal zone,
in navigable waters or on wetlands require a Corps
permit. Land surveyors can gather and present all
the information required by the Corps. This in-
formation may include topographic and hydro-
graphic surveying and mapping to determine up-
land and bottom contours,

3. Alaska Department of Natural Resources  DNR!,
Division of Lands will require a tidelands lease
suwey for permanent aquaculture operations, The
state of Alaska owns all tidelands below the mean
high water line, DNR requires the applicant to se-
cure the services of a registered Alaska land sur-
veyor to perform this survey, The surveyor will
monument the corners of the lease parcel and
prepare a plat according to DNR's survey instruc-
tions.

4, The aquaculturisi wil! be required to submit other
permit applicationa to the Department of Environ-

Aurher's addreSS: P.O 21t. Perersburp, AiaSka 99S33.

Fourth Alaska hquactdture Conference
November l987, Sitka, Alaska

mental Conservation and Dc~at of Fish and
Game. The land surveyor usually can offer assis-
tance and advice in preparing these applications.

h is best io choose a surveyor who operates near
the aquaculture site under consideration. A local sur-
veyor will more likely be knowlcdgcable about the area
and may have surveyed near the site, Thc surveyor
should be experienced in performing Alaska tidelands
suweys or Ahska state land surveys. Consult thc yel-
low pages, ta}k to city or borough officials and local
bankers and realtors to find nants of ~le surveyors
in the area.

Before engaging a surveyor to perform the tidelands
lease survey, the applicant should wait for DNR's "deci-
sion to lease." AAcr the "decision io lease" has been
made, DNR will request the name and address of your
surveyor. Survey instructions will bc sent directly to the
surveyor. All survey work inust be performed by the
surveyor and the survey should noi commence until the
instructions have been received.

It is advisable to ask the surveyor for a proposal
before the work begins. The proposal should outhne the
work to be done and an estimate of costs, expenses, and
date of completion. Costs and expenses can sometimes
be reduced if the applicant can provide transportation,
housing, or assistance during the survey. These arnmge-
ments should be settled before thc survey begins.

If the applicant feels the survey costs are unreason-
able and negotiations with the surveyor are noi satisfac-
tory, the applicani should request the surveyor to return
the survey instructions to DNR and then select another
surveyor. DNR inusi be informed when a new surveyor
is selected.
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