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INTRODUCTION

Grackards |8 2 red searweed sold a8 & hagh-valoe seafood in sany
parts of Asia and the Pacific. It is abo e raw material from
which the gef agar & produced. Agar is the mam thackening
agent used I Japanese cookceg and b 2 common additive to
prepared foods in e United States and Furope. Agar » abo
the familiar medium on which micro-organisms are cultured

(agar plabes)

The world supply of Gracilans no longer meets the demand. Much of
the supply still comes from the harvest of wild beds in Asia and South
America, notably Chie, but these beds have boen over harvesiod
locreasingly. aquaculture sepplies ace supplesenting the wild harvest
By 1991, one-thind of the Gracilers harvest came from aquaculituse. As
wikd beds contiaue %o be Eminahed, it s lkely that the majority of
Greclaria will soon comw from aquaculture

GCraclerw aquaculture repossesls & few SONMMK Opportenity for
coastal sesidonts of tropucal and subtsopical coastlines arownd the
workd. The Cracrlarss market s not lissited by geography. but s served
by countries as far apwrt as Chile. South Adrica, France and Indonesia
Aguaculture methods are still doing developed. There is no “Best way™
of growing Gracilerss - practitiosces are still experimenting, developeng
methods that work at their Jocation for their particular species of
Craclaris. The methods given i this atlas need 50 be modified by sach
prower o suit individual soods. Moot Craalanks Lanmers praciice some
form of vegetative culture. s vegetative culture, plants are aot sepro-
duoed by spores. Instead, fragments of plants are grown in fosting
Capes, 00 popes, Of broadcast into ponds o tanks, aad aze allowed to
grow o harvest size, Vegetative methods have the advantage of
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smplicity. Howwver, 20% or more of the harvest must be waad to
restart the cultupes for the next round of growth. Vegetative meth-
ods are Inefficlent not only bocause 2 lange amcunt of seawend must
be wsed lor seplanting, but bocause diveases and pest orgassiens bocome
etablahod on the plants. By replanting fragments of these plants, discase
and pest populaions sooe become overwhelimiag and S farmer st
restart Bis cultuoes wing Coaolirks harvested from the sea sather than from
b own farmn. This can Delp depiete the local beds of Gractierss which are
peoerally alrady under stress from wild-crop harvesters.

This brief marsal presents a “Detter way™ %o grow Gracilers, usng the
natural spoce shedding that occurs i most specses. These spores, anal-
ogous o the soads usad 10 grow laad crops, can be settied onto ropes,
coral chips, fishing Mee, rocks or almost any other type of sobwtrate,
and grown into mature plants for harvest. The mature plants, in fam,
provide a source of further spores 10 restart cultures, as well o
Gracileria Soe sale. Spoee culvere of Grankars Is sedfcontained. &t can
be practiced eves where Gracilrks $oes not grow satarally, or where
the wikd supplies have boen depleted. Spore culture can also be used
as e inexperaive method 10 repopulate natural stands of Graalerss
that hanve been overdaevestod. Spore culture has boem used Sor other
typos of seawonds bt i only recestly attracting indervst as a mwthod
foe growing Grecileria

The mansal relies on pactuses as much as words o convey the message,
The concopes ane relatively sienpde and there is no single, right way of
camyg out spoce cslture. Namerous ssoddfications in methodology,
utiliring local matorials and suibted 1o docal comditions, are possible at
oach step.  Pictures conmvey these allernaie possibilities better than
words. This manmal s Based oo methods that we use 5o grow e odi-
bile specion, Gracilerae purvtiponn. or boag ogo, In Hawals. Our methad
makies use of e traditiooal Hawailan fisdponds on the fnagmg reos
of Moloka's. However the method can be adagted 1o other types of
Gravalirie sod other peoduction systems
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GRACILARIA LiFe CYCLE

RKid sevwoods Bave a type of S cycle called an bossorpiic dllerms

= bon of peseratons.  bBooorphic eies the Glferont e stages ook he
s same supericially. An abematon of generations means Bat 4 haplosd
t growmation of plants (containing o copy of oach chomoscaw in Bhe

rackus) gves rie throogh soasal eprodection fo a diplod poeration
fortairing two copres of each chuvemoncme, one froms the mother and one
froen the father). Thase il stagdes are Sosignated IN and 2N, respectivedy
for the mumber of copbes of each Aromaosome. Unithee other seaweeds, nad
sowwends sach as Gracdenie have twp dipiosd lide stages rather than post
one. Orne Splosd stage dons not ook like the other stagos: 1t coraits of
serall Busepw growing oo adull (haploadd plasss.  Each bump & called »
CYocarp, and it grows from a fortdised o atached 1o & ferrade plant

A fermale plact useally conmtaes hoadrods of Oystocarps distnbesed all
over D Dalles (A Although they Jook Hike part of the parent plare, cys-
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focarps are actually sepwrate senadl plarts growing on the mother plant (E).
The cystocarps produce single-celled sposes, callad canpospores, which
are redeased into the water. Thoy are sticky, and as soon as they astach
10 an obgect In the waler they begin 1o grow. They grow mlo mature,
diplodd plants called trtzasporophntos (the second diplosd stage 51

Tetraspocophyte plasts have sngle ocdiod, spoee-prodecing bodies dis-
tributed over their surface (et not visible without a ssicroscopel. The
spore-peoducing oolls wundergo mesosts and release  haplodd  spoom
called Wetraspores. The tetranpores attach and grow into malke or fetmale
parmatoplntes (C. D1 To the nahod eye, male and female gametopdytes
are indbtmgunhabie feoemn Setrioporopdyies. However the males pro-
duce spermatia whikh ase carvied by the waler curment 10 the females,
which bear eges  The oges are fertilized and grow Inlo cystocans,
which nelease carposposes, thereby starting the life cycle all over




CYSTOCARPIC PLANT CYSTOCARPS

TETRASPOROPHYT! TETRASPORANGIUM
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CYSTOCARPS & SPORES CYSTOCARPS & SPORES

ONE-DAY-OLD SPORES
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DIVIDING SPORES « 1 Day DIVIDING SPORES « 2 DaAYS
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SPORLINGS - 21 Days YOUNG PLANTS - 10 WEEKS

MEDIUM PLANTS - 40 WEEks PLANTS - 50 WEEKS




STEPS IN SPORE CULTURE OF GRACILARIA

@ - iy Shadding sgives

1) HATCHERY
A simgpde hatchery is needed 10 sette Carpospornes onto sulbstrates that
are then planted in the ocean 10 grow into Darvest plants. Typically, the

W F ] Batchary s & tank fled wish seawater, with acration 10 heep the algae
C( MPLETING TH F alve and 1o distribute the spoces. The substrates aoe any malterials on

7 A\ T . which the farmer wants Gracilerss plants 8o grow. Spoces will readdy
LIFE C\ CLE l'\ CL L] URl: attach o any satenal that s not toxic. The farmer chooses the sub-

Alhough the life cycle may seem complicated, completing  strates basod on convemience of planting and  harvesting Typical
e life cycle in aquaculture is mot difficalt. Only a fow steps  substrates are pebibles or coral chigs which are broadcast onte pood
are invvolved botsoms o Bnes which ase strung between stales in the oooan




Substzrates are placed a2 the botsom of the hatchery tank. and female
Gracilaria plants containing cystocarps ane laid over the substrates. The
tank s covered with shade cloth to keep competing csganesms from
growing and then incubwied for 3-4 days. Durisg this time, spoces are
eedeased from the cystocarps and attach to the substrates

2) PLANTING

The spoce-coated substrates are removed from the tank and are plant-
od in the ocean as quickly as possible (to avoid stressing the young
spoelings).  In the fllustration, two types of plastings are shown:
sporecoated rocks are beoadcast oo the pond bottoay: and spoee-
coated lines arv tiod betwoen stakes.  Sporiegs and mature planes
resist drying out and can be exposed 1o air for several hours without
dving. They can even be trassported in coolons withoust waber.

3) Growout

The spoelings grow showly at firt, bt many eventually become
mature plants.  Since the rocks and lines are inexpensive and do not
rogquire any maintenance during the growoest period, a lessthan per.
fect sucoess rate Is acceptable. Plants are ready for first harvest approx-
imately 25-50 weeks after planting out, depending upon their growth
rate. Growth rate is determined by time of year (faster in sammer than
winter), amount of water motion, saatrients and water clarity.

Sporlings may enter a perod of dormancy atver they reach appeoss-
mately 0.5 mm in length (barely visible 1o the naked eve). They can
remain in this dormamt state for weeks or months, until growth condi-
tions are right. Sporlings them may grow rapidly to harvest size in jast
a few werks. Fertizing the sporlings may help break the dormancy.

4) FIRST HARVEST

Al first harvest, plants are cut back 50 within 5 cm of the holdfast, leav-
ing enouagh material behind 10 produce a second crop. Nearly all the
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plants ot the first harvest will be tetrasporophytes (smoath plants with.
outt cystocarps, sinoe they all grew from canpospores.

5) REGROWTH AND SUBSEQUENT HARVESTS

Flants require 410 woeks 10 grow back to harvest size alter they are oot
back. The farmer watches his crop, and schodules Bas barvests accond-
gly. There is no fived number of harvests that can be taken, since
Gracilerse plants will continee to grow indefinitely.  However, with
time the rocks or lines become covensd over with competing onganisms
and the quality and quantity of the harvested material declines. After
2-3 years, most substrates will noed to be replaced with foesh matersal
froen the hatchery. The tarmer can broadcast mew rocks or attach new
Eines over top of the old ooes which may still be producng a barvest,
minimizing the time betwoen harvests. When the old substrates noed
80 comwe oat, the new ones will already be in place producing a Barvest

The hatchery opetation requires & contissaal supply of cystocarpic
plamts. Over time, the farmer willl notice that approximasely 10 of his
harvest plants are females boaring cystocarps. These arise as seoond.
generation plants, from the release and growth of tetraspores by the
tetrasporaphytes which are the majosity of plants. The betraspores set.
the and grow on the same substratses that arc already growing plants
The tetrasposes grow into male and female gametophyvies, and the
females produce eggs which are fertilized and grow Into cystocarps
The farmer cullls these cystocarpic plants from cach harvest, and uses
them 10 start new hasches. A more efficient method, described in a lat-
tor section, & 8o dedicate past of the hatchery to producing cystocarpic
plants so a supply of spores Is always avallable.




HATCHERY DETAILS & ALTERNATIVES

A tank haschery using 4, 1000 Eter tanks (1.5 m diameter, 0.6 m
depth), can accommaodate 48 plastic trays (40 x 40 am) each containing
100200 pebbiles or coral chips 80 be coated with spores.  This hatchery
can produce approximately 300 spore-coated rocks or chips per week,
enough to plant 1-2 ha of pond per year. The substrates %0 be conted are
washed in bleach sodution and sus-dried prior o use, and placed in a
single layer in trays. Hatch tanks are scrgbbed with Bleach solution,
rinsed, and filled with filtered seawater pricoe o use. Since the seawater
is mot changed during a hatch, very little intake capacity is neaded to
support a hatchery The Ulustrations show an intake capable of supply-
ing 200 Bters/ mimwste of water. This intake is used to support fish oal-
tures s well as the hatchery and is far langer than s noeded for the
hatchery akome. The hatchery could be served with a portable, sub-
mensible pusp capabie of delivering 1020 liters/minute, similar to a
garden hose.  The sand filter removes large particles but not micro
onganisms. Aseptic Sechadguns are not necessary.

Trays are placed i 2 single laver in the bottom of tanks, and overlakd
with cystocarpic plants that seloase spores into the water. The Cyvsto-
carpwe plants are hand-cleanad before use, to remove other algae,
sponges or other contaminating organisms. Approddmately 2 kg of
plants per tank & sudficient (100200 g per tray). A clean microscope
slide is placed in each tray to estimate the success of spoee setthing. The
tanks are acrated sudficient 10 kevp the water moving but not so swach
that the plants ase moved off the trays. Thas can be accomplished using

a small air Bower and several aintoses per tank, of the type wsed
hoene aquaria. Shade cloth & used o blodk cut 75% or more of the sunlight.

After 3 days the shides are counted for sposes under a compound
microscope. Spores ane visible as red, dividing colls attached frmlly %0
the siide (slides can be washed (s scawater 80 remnove some of the con-
taminating organisms), Spore density should range froe 200 8o 7,000
per am’ « even the lowest density is suficient to indicate that all the
rocks or chips were well coated with sposes. Nearly every hatch pro-
duces nusserous spores, but occasionally caly a few spores are found
on the shides. These hatches should be repested using fresh cystocarpec
material

As the pictuses show, hatches can be carried out in sguare tanks, or
ropes can be substituted for rocks and chips. Ropes can be colled loose-
ly i tanks and turned every day during the hatch, or they can be strang
on frames to ensure even spoee coating. Thin nylon rope (0.5 diasneter)
i imexpensive and durable. The hatchery proceduse can even be carried
out in the pond, using floating baskets 20 hodd the trays, which are
overlin with cystocarpic thalli




SETTING UP A HATCHERY




SETTING Ur A HATCHERY - Cont.

ROCKS AND ROFES TO BI CYSTOPCARPIC PLANTS HATCH IN PROGRESS

COATED WITH SPORES
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SETTING UP A CORAL CHIP HATCH IN TRAYS




SETTING UP A HATCHERY - Con.

FRAME WITH SPORES PLACED
IN PENNED SECTION OF POND

ROPE HATCH USING FRAME
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FERTILIZING SPORLINGS
& LARGER PLANTS

Like most Croge, Crnnlany sesponds posively to rebsoeen and

"‘n-.;-'\n!u‘r. fertihizatios As 2 ) ahzae, Conodarsd has a4 v

al abiiey 10 take P AT And sioewe 2 Tor Lley e 0 supyon

wih The red pogment i red 2l s a protein that s savoived In

retaoen storage as well as Bght abscrptions. When expused to Sertlir-

ef for 24 hours i tanks, Graoikers plants Georlings as well as lasge

(OETEEN ot ansd stome enough pitrogsen and ;\"-r1 Doeous 10 et for

srveral wevks once they a0 reenoreesd trom e tanks and frov ol I the

ocvan. The plants develop an intense red color within a week after Ser

tilccation, which gradualy turms 50 a tan color as the plants grow and

redistribute the mitrogen within the plant

l\lllu._ the Last 24 Dhowrs a0 the aich tanks the W SPOrhees Las well

a8 Ehe Tewtile thald that redevnsasd thw sPores) can be fertiloond by adding

gram per Doy o h of amenosium nibrate and dasmunonium PO

phate 8o the tanks. These ace ondinary farm or garden Sertiboens avad

abde i Large or small Bogs froem farm chessical suppdicrs or setadl gar

den cootors Pespect velyv. Commercial ln‘. g A réC fertilizers Cam M0

v

waed In the hatch tamkes. Mants and sporlings can also by returned

1o the Lasks for sefortilication, esgocially o they are growe tn water of

b natural Serudity

Yoo wee

Sovvowewe

ADDING CONCENTRATED, COMMERCIAL

ALGAE

FERTI

IZER TO HATCH TANK



GROWOUT OF PLANTS
ON Rocks AND ROPES

When it s confirmed that spore settling is adequate, the trays
Or ropes are remnaved from the tanks and hauled to the plant-
g arva. The sporlings can be exposed briefly 10 adr withosst
dying, hence the trays can be hauled dry in a pickup truck bed as
iBustrated. If they are to be out of the water for moee than a few min-
utes, they should be moistened with seawater occasionally 1o prevent
their drying. Ropes can be hauled in plastic garbage cans partially
flled with secawater

Rocks or chips are broadcast into a peaned section of pond (80 keep
out fish and tartles that eat Gracalaras) and the trays are returned 1o
the hatchery, where they are washed in bleach prior to reuseng. The
Cystocarpic material from the hatch can be reused for subsoeguent
Ratches, but should be replaced after 34 weeks as the plants tend 1o
lose vigor over time and produce fewer spores.  Appeoximately 10
rocks of chips per square meter i the sinisvam densaty that will pro-
duce a good crop. The density can be much higher if suffickent rocks
Or (Nips are avallable. Gracieria grows best when plants asv crowd-
od together to form a closed cover in which COmpeting oeganismes
have difficulty establishing
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PLANTING TzAYS IN A POND
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Ropes or Bnes are strung between stakes dnven into the pond bot-
toan, or stretched between concrete Mocks that anchor cach end
Lines 1030 m long are convessent to handle, and a spacing of 1 m

between lines allows room for harvesting and tending the lines

Gracilerse will grow under a vaniety of water coaditions, M respomds
Positively Lo water motion, yet the best place Lo grow the crop may be
i an arvd of reduced water motion. These arcas tend 10 bave kower
growth of competing organisms. Shallow water (less than | m) is cas
Wt 20 use if rocks o chips are Broadcast onto the bottom, but lines
can be stretched ot In u’o%;‘i'l’ waler, using "{.nlu_‘ il k RS s loats
Crowth is fastest s clear water, due 1o better Rght penetration, but
good crops can also be produced in very murky water (visibibay
under 0.3 m). Murky water tends to discourage the growth of com
prling organiams

Lepending upon water conditsons, lines require 20-25
duce their first crop. Rocks and chips arv slowes, sisce they are on the
bottom of the pond where they become partly covered with sand and

silt, and they requare 40 SO woeks befoee they can be harvested. In

woeks o pro

general, attempting to Jdo weekly maintenance on the plantings s
impractical. The mwost important single step a farmer cas do w0
encoursge a sucoessiual crop is to surromnd the plasting aren by an
enclosure to keep out fish and turties, which can completely elimid
sate a crop. A plastsc fenwce using 2 cm maonh s sufficsent. [nexpensive
materials can be used, and #t should be expected that the fence will
noed to be replaced or repaired following storms. The farnmer will
Bave 2o experiment to find the best locations in a pond or on the reed
to plant out a crop




PLANTING OUT SPORE-COATED ROPES
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SETTING OQUT BASKETS TO MuLTIPLY STOCKS
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PLANTING SPORES IN HAwAIIAN FISHPONDS




SPORLINGS ON ROCKS

21-Day-0LD Srorus




GROWTH ON ROCKS

40-WEEK-OLD PLANTS

2l




\ Do S A NQY MHHHTNIHHRAATNNRNNRNNHNRNNNNNNNNNNNY AATNNNNNNN N ‘

K ®

GROWTH ON ROPES

20-WEEK-OLD PLANTS
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FIRST HARVEST, SUBSEQUENT
HARVESTS & GATHERING
CYSTOCARPIC MATERIAL TO
COMPLETE THE LIFE CYCLE

Appeunimately 4000% of rocks and chips develop harvestable

plassts (the rest are kst in the sand, ovengromwn with fouling ongan-

s, of the sporBags are lost to predation), The sucoess rate with
s is lower - approsienatedy 304095 of B pooduce harvestable crops.
he astriton rade of individual sporlings is dagh.  Substrates may have
several thousand sporchines per om® 80 staet, but have only 2.5 at hasvest
Thas s emough 0 peoduce 2 dense growth of plants. At first harvest,
plants are 3050 em long and are cut back 1o S cm. The remainder is
allowed o regrow for & subsequent harvest

The vield of Graclarir is I the rasge of 50041000 grams (frosds wight)
por sopaane mwter of pond at fiest harvest. In Hawail, the wholesale price
for loag ogo s §5 per killogram, so the return at fiest harvest s $2.50-.500
If & farmer wishad 1o gross S5L000 per vear in sakes, 12 ha of
plasted anw wouk! be ragased based on the setum from the fiest har
vest. However, the rocks, chips and ropes develop new crops svach more
Quickdy than the fint oo, becasse the amount of starting material Is
preater foe subsequent crops. Individual substrates can remasn produc
tive for two 10 theee yoars. Thas s purtly from pegrowth of plants fromn
thetr holdfasts after they are Rarvested, and partly from spoee recruit-
ment from shedding plants

'\? ™

If plants are 8o be sold as seadood, they are hand cleaned under & jot of
sedwater, 10 remove contamanating onganisms, sand, st and dead por

tiors Oof plasts. Cloanliness and freshoess aov the most important facton
influencing the prace a farmer can obtais for Gracdlerss. Geavilarie hae-
vestod foe agar peoduction is handled differently. 1t 5 usually washed to
remonve sand and gross contaminants, and thes dried = bulk on the
shose.  The [acsors controlling price ase gl content, gel qualty, and

Jdegree of contamdanation




GROWING ON NETS...
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ON CONCRETE BLOCKS... OR UNATTACHED




TETRASPORE CULTURES TO
REGENERATE CYSTOCARPIC PLANTS

= A supply of spore-releasing plants can usually be obtained
2o within the culture system. About 10°% of the cultured plants

develop cystocarps.  These are second-gemeration plants,
formed from tetraspores released from the tetrasporophytes.  These
tetraspares are formed in invisible sporangia on the smooth fetraspoco-
phyte plants (see Life Cycle Diagram). Some of the tetraspores land on
substrates and grow isto male and female gametophyte plants, which
are also smooth. The female plants, however, develop eggs, which are
fertilized by male spermatia. The fertilized eggs grow into cystocarps
on the mother plant, produciag the familiar “plants with bamps™ that
are used to start hatches

A special hatchery procedure can be set up 0 produce cystocarpic
plants. In Hawai's, it s illegal to collect wild cystocarpic plants. In
other locations, finding wild cystocarpic plants can be difficult, and In
some seasons they cannot be found at all. Hence, getting a supply of
cystocarpic plants for the hatchery can become a production bottle-
peck. A controlled production method will help keep a hatchery and
growout operation productive year round.

The hatchery procedure to grow tetraspornes into carposporophytes is
neardy identical 10 the procedure already described to grow car-
pospones into tetrasporopiytes.  There are two differences.  First,
tetrasporophvies release fewer spores than carposporophytes, so
approximately 5 times more material must be placed over the sub-
strates bo get good spoce settling. Second, the calture products will be
a S0:50 mix of male and fermale plants, and they mvst be placed out in
close proximity to each other to ensure that the females are fertilized by
the males when they roach sexual maturity. So a special planting area
is meeded for growing male and female gametophytes together

For a tetrapore hasch, collect large, smooth plasts from the culture
products (these can be removed from the weekly harvest collected for
sale). Even though sot all smooth plants are tetrasporophytes, it & not
necessary to examine them microscopically. A few male or unfertilized
female gametophytes In the hatch tanks will not make a difference to
the final outcome. Set up a hatch with rocks or coral chips, laying at
least 10 kg of smooth Gracilaria plants per tank over the trays of sub-
strates (S500-1000 g plants per tray). Place test slides in the trays and
carry out the hatch exactly as for carpospores.  Tetraspores are indis-
tinguishable from carpospores under the microscope (they are 10%
staller on average but individual spoces of both types vary more than
this 0 they cannot be identified by size). However, if only smooth
plants were used, any spoees on the slides should be tetrasparnes, not
CATPOSPOnes.

If the siides show that at least some spore settling occurred, the sab-
strates should be planted out in a comaon Jocation designated as the
"gamctophyte patch”, an arca where plants grow well and all the trays
contain rocks or chips on which tetraspores were setthed. The sub-
strates should be left in their trays, and the trays spaced 1 per m* on the
poexd bottom (leaving enough space 1o walk among the trays). In 25-
50 weeks, about half the plamts develop cystocarps, and these can be
harvested and used to initiate new hatches to keep the production sys-

tem goang.




DATA COLLECTION & RECORD KEEPING

Crop logng s an nportant purt of runesang 2 sucoesaial farm

Each individual hatch should be documented in permanest

nodehooks. These oS shoudd ot the source of Oy l':."_
2.0l material, the handlisg of the Batch if there were smadificataoes n
procedure, the sumber of spores recorded on test slides, and the exact
ocation the substrates were plapted Out, 0 they can be relocated %0
Jetermine the sucoess rate from that hasch, A planting map is helpful
in keoping track of the crops

' ; iy k\ 1

The status of cach hatch shoudd be cheched eveny
recorded Lo detersine which ones are producing crogm and which omes
e not. An unsuccesshul crop can be overplanted with new substrabes
The vield of harvestable Graalerss and of cystocarpic material from
each hatch should be recoeded ot st harvest and for subsaoquent har
vests. When vields decline, it & thane 20 overplant the substrates with
new matera)

Finally, the farmer must Soep track of the amoust sold and the peice
obtaimed. Careful record keepang will reveal seasonal and spatial pro
fuction patiors that the Barmor can use to maximire vield and profats
Summer k5 peak prodoction time in Hawas's, foe exampie, bt the time
penod from Thanksgiving 1o Super Bowl Sunday &s when prices are
highest. A farmer may discover that a late sumymer crop can be Jeft for

harvest in fall and winter 10 maemize refurms




COMMUNITY INVOLVEMENT
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"\"u“ reed? Hats o bawe are penden? 0 R CTOPs In Chis

whaole villagam may Be Invalved In roming and harvesting
Gracderae at favoond locations.  Farmmees Preqraently ok thewr
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BUSINESS PLAN AND MARKETING

Craciria culture & nt pew. N s already practioad In several
ports of the workd wsing poad, tank and oosn coltuse and bue-

e plans speciiic 10 those siles and culture methods are avallable
Wt 1 oew s the addnion of a2 haichery stage 2 Culaew o "n\‘.uu‘
spociogs.  For simplity, we will analyse s component & a free
standing esterprse, which woukd produce spose-coated substrates and
sell thems o growens for plaating out, sanilar %0 other aquaculture
hatchery enterprises. However, hatchenies can also be indegrated Into
Bruwoat colerprisos

MAEs Oox Gracuania

In Hawal ), Asla and the 'actix Gracikars & 2 tood. 1 s usually eaten
fresd a5 & crunchy addtion o seafood pole (onarinated, raw Eah), kim
chee Bpicy Koream vegetable preserves), or other Hawallan, Nipino
Chinese and Jaguaese dishes. It is increasingly wsed & a2 clement in
Rourmet cookamg In Hawai, and it s Deing used In new netall products
such as “Lises Selsa®. As 2 food, Coacdiris Broogs anmywhere fooen 55
per Khogram at wholesale 8o seadood deaders, 10 $10 or more when sold
1o restacrants oo used in valaoadded products. The market for food
Corariaras s Horetnd In sz Im Hawal ) it s worth ;yvq.nlrruu!y $1 mik
Boo peor yoe A rovach harger snarkoot s Sor Graclleras as o source of agar,
the most-used thickening agent in Japanese cooking. Cmankary for agar
Ctraction b sold dried (van-drying rodaces the weght 8o about 25% ol
the wet welght) in 60 kg Dales 10 extraction facmones s Japan. The price
the farmer pets by o Jower than for Craclierss sold as a food. Dry sea
weed brings S5O-1000 per ton depending upon the species, the aga
cortent, quality aad the deanliness of the product. Ussted States faem
ors, with high labor costs are 0 far not competitive in this market. Most
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of the farmed Gracilerse for agar extraction comes from Asia or Chile
Spore culture methods could have a major impact on the production sys
temns, by allowing mass culbures to be otiated at much reduced labor
costs foe planting, and by allowing expansion into coastal areas that do
not have wild populations 0 serve as seed sources for vegetative prog-
agation. The market for Graalars for agar extraction & greater than $200
million per yoar

MARKETS FOR SPORLINGS

The market for sporlings from a new hatchery is likely to develop from
two Existing Cracilarie farmers purchase hatchery.seared
sporlings to supplement or replace their current stocking procedure
This depends upoa collecting plants In the wild and bringing them into
their farms for vegetative growth, especially as wild stocks become
depleted. The second market which may develop s remedial stocking
of the wild 1o compensate for the heavy demand om plants from com-
mercial and family-use pickers. A state or industry supported program
of restocking may be needed if the heavy pressuse from commercial and
AULO-CONSUIMETS CONEmes

NORITOYS

THE SUPMmy

The barriers to entry for potential hatchery operators are significant but
ot overwhelming. The techaology is being dissemanated 1o the public
The eguipment & widely available and requarnes litthe training (o operate
Ihe start-up costs are not excessive. The primary barrser is likely to be
acoess 1o shorviane sites and high quality water

Existing scawoed farmers and produacers of other marine onganisms with
facilities for microalgae or Larval invertebrates and fish are likely o con
sider Grasatleraa limu hatchery techniques as & method of diversifscation
heir barriers to entry will be mangmal once they examire the technolo-
Ihey are likely to have
e land site, acoess o water, poeded ogapment and knom e goable
stalt

gy documwnis produced by the poesest progect

rag

We have scallied the model 1o reflect the existing hatchery on Moloka'l,
Hawai'i, described in the athas, supplying sporbegs to Hawads growens
supphing the market for fresh Gracdiars for the Honodalu wholesale

warket, Labor electricity and nd costs were based on Modoka's val
ues (among the highest costs in the w orkd). Equapment costs were froe
wainkand Usnited States suppliers and include delivery costs %o
Moloka't. A hatchery to supply sporfirgs foe growout for the agar mar
ket would neod an entirely different economic stractune than this mesoded,
because frosh Gracdarw in Hawal't commands a much higher price than
dned Graoilaras growm oversess for the agar market. However, many of

the components of the system mode] below would be séevalar

m
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INSTALLATION:

4, 1000 boer capacicy Sherghiss tanks

£ $500 each, delvered) $ 2000
Datomacecus sand Sioer 420
Ceontrifugal Purvg, 449
Al Blower, {172 M) 7
Work wble 20
Plarbing 250
See preparason (100 m2) 1000
Purg & tank maalation 1000
Microncopen, other egupment 1500
Sebrocal $852

Deprecution schede: tanks, 5 yours. blower & purrp, 2 s,
microacopes. 10 yry

. Orerarng Costs Monmr
ELEMENTS OF A Land fease (rental of shoreline space) $ 50
: . ’ Electricry 130

LiMU HATCHERY Expenhbe supplies. (vays, siden, chips, ot2) 20
Pervonnet
I muharywl'm-n[)' 1783
1 SO 5T worker 0
Moschly Operasing Cowy’ $3113
RETumas MonTHLY;
Four hatches par moneh producing 7200 cosed
pebibles or oS, s0id ac gate for $0 15 each® $410

11 Thes exarngde pvo dorme & bosod on the Mokoba'| operston and will sary with oach it OMonthly cpersting oxpemses st be pud for Gt o nondbs bedore e spvrfing

sl taTTing CTaT W siben Do 10 COWIT CPNTREDG APOTION

2 Land® somtal cam vary wikiely - prosent huachery doos ot ey e Sov a0 it oo st ind S The rvsars te the Lammer froes each chip would 3w appeosaenately $1LO0 o harvest
aviegredd 30 Ko s A s oo space availbie wibin Limsu Coop offow An bosed on 250 g plant munerial over 2 peins, 45N scoess rate of chips aad $5.00 per iy
rormvgw, Jate bagomg om emguier @ mo Al esperme b b ey whodesale prace Lew Final Repunt

910 Rt vy rirao manhd s bee Dee oeverad gy e | ivas Gy v ool o
o Pl roguaring the ofhey W5 of ho e seoovesesd Broen enarket sl of harvesbed ogon
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. LONG AGO HATCHERY — 5 YEAR CASH FLOW ESTIMATES

= Yoar | Year 2 Year ) Yoar 4 Yo 5
Chp/ Y n{thowsinds) 174 143 43 343 34)
Cash Inflow ($x

Capital Assecy s 0 0 0 0
Working Capral 4200 < 0 0 0
Capital Reqd 147246 Q ° 0 0
Nles Aeveore 43200 51408 S1408 S1400 1408
Towl wflow 57926 51408 S1408 $1408 51408
Cash Owtflow ($X

Comser Prymenta 8526 ) ] 0 0
Equaperernt Replaconerr 0 e 850 0 as0
Tarks Replacermen 0 0 0 0 2420
Labor 173% 279 T 173% 1T3%
Energy. Land & COcher 30 90 ™™o 360 90
Yotal Cash Out ($k 45882 1735 38006 13960 40604
Period Cash Flow ($): 12044 14052 1M 14052 10802
Accumulated Cash Flow ($k 11044 260 mwn $)350 4152
Cont of producs ($chy) 0147 0100 010 0051 0.10%
Sefing Price 0.150 0150 015 Q0.150 2.150
Grow Profis on Sales () L0V 0050 0048 0.05% Q041

Paybach pard o sl wessiivard of 314704 13 rmorete




The analysis, based on actual operation of a loeg ogo hatchery
over 24 moaths, supports the economic and technical foasibili-
ty of this enterprise providing: 1) a sufficent market can be developed
for the product; 2) the returms to the growout farmer can support a sale
price of approximately $0.15 per unit in Hawal'i. The prelimisary
analysés suggest that these conditions can be met simoe there is an sden-
tfiable market for long ogo i Hawai'l. The sale price per unit is too
high, however, to contemplate growing this spoecies foe the agar market
(a mwach larger market than the fresh market). Economies of scale and
further technical innovations in the handling of substrates will be
reeded to approach this market. A risk factor that has not surfaced
with Gracilaris pariswpors but can be anticipabed as a possibility is das-
case. Cracilenia & subject to bacterial and other diseases in nature and
these can be intensified n culture systerms. The Hawal'l tank culture
growers, using an imported species of Gractlerd from Flosida, have
experienced discase problems that reduce their stocks. The hastory of
mtemaive culture of marine coganisms such as sbaimnp suggest that the
disease (actor should be corsidered in advance, and steps taken 20 man-
smize the spread of disease among farms before it becomes a problem.
A scawoed hatchery serving numeroes growers would be capable of
becoming a discase vector. Procedures to develop pathogen-free stocks
should be developed whenever specific disease conditions begin to
appear in hatcheries or growout arcas,

.\\\'\\\\\\.‘\I‘\\\L‘ ) A0SO NN S0
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The single greatest lnpediment 10 implementation of long ogo cultsine
on Moloka's at present is lack of acoess of potemtial growers to fish
ponds and the reef. In contrast to tank culture, the type of growout
system this progect has developed Is an extensive system, aimsed at uts-
Rring the fishponds and the reed, and relatively large ancas ase required
for economic retarns (1-2 ha per grower). Institutional reforms recom-
mended by the “Covernar's Task Foroe on Fishponds™ would help
provide the neodoed access 10 the coastal residents to the state-owned
ponds. Some privately owmed ponds are already available for aqua-
culture and these may be the first sites to be developed. Hawat'i state
Lw allows the lease of reef space for aquaculture but to date this bas
not been ioplemented.  The growout of spore-coated coral chips on
roef land could By an appropriate foem of aguaculture for this sesource
since it does not involve adding structures, feed, chemicals or other
additives to the water, and & propagates a species already desired on
the reef. Spore eelease from cultivated plantings would help repope
late the surrounding reef area to the value of pickers of the wild crop,

Propcr Bexenrs

The haschery would create two hall tiene positions, provide a positive
cash flow to sameone in the form of rent. In Hawad's, it would be a
benign use of ocean front peoperty, in koeping with the desire of many
coastal ressdendts 10 preserve a rural lifestyle.

It would assiare a steady supply of stock to growout farmers. Just as
an improperly managed hatchery could spread discase, a properly
managed batchery could be a control point 10 ersure that discase free
stock is avadlable. It could help ropleniah the widd stocks, cither by peo-
viding substrates foe deliberate stock enhancemnent or simply by the
escape of spores from mass plantings started from hatchery peoducts.
Theough fusther insovation, a batchery / growout system could perhaps
become suffickently cost-efficient to supply sporlings for oversess farm-
o growing Gracilerss foe the agar market.
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