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The “Confesence for Shellﬁsh Growers has been sponsored since 1991 by the Washlngton Sea Grant Program The o
annual event is intended to be an educarional forum for the sheflfish industry and a tool to facilitate information sharing

" between mdustry members-locally, reglonally, nationally, and infernationally. It also provtdes interaction opporruniries for

 industey, researchers and agency representatives. Conference attendance hias been 220 persons in each of the past two years. -
“Of these; about 90% of the atrendees are from mduscry This is probably the lacgest annual gathermg of shellfish industry -

" members in North Ametlca The success of the meerings is largely due to ditect grower participation, and the willingness -

of researchers and agency pcrsonnel to share their knowledge with che industry. Washtngton Sea Grant Program will

continue to sponsor this conference so long as relevart ropics can be identified. '

This vear the. conference deatt with Manila clam culeure, geoduck cultute, aspects of oyster farmmg, and updates on

* selected species with culture potential. | wtsh to provrde the reacler with the following: thoughts oa how and why the

subject material was developed. o : : : C
Diséussions-on various aspects of Manila clam farn‘ung have been presentecl on numerous occamons ar this ancl other ;

mieetings. However, a program that incorporates seed production, nursery methods, the most recent farming advancesand
experiments, and market preparation, had never been developed. All the salient presentaions ‘were made by industry”.

" ‘members because they are the ones innovating in a .pretctical manner. The one exception was Harrison Brecee, a student of .

- thie North Carclina Sea Grant Program. His work on “U-Rake Clam Farming” in North Carolina may be applicable in the

) Pacific Northwest becauss the general public only has access to well-worked recreauonal beaches, and people like to dig -

clims. They may be willing to pay by the pound if gtven the opportunity to enjoy digging in producrive areas, :
\Of the four presentations in the oyster. farming session, two dealt with experimental aspects, while the two other .
- p'apcrs discuss Connecticut’s, substantial oyster.industry. My question was “How did the state of Connecticut restore its

" oyster industry in an urban sea?” The reviews presented by John Volk, Conn. Dept. of Agriculture, and Bill Green,

Township of Guiiford, revealed a largc and vibrant Connecticut industry that was restored through a state seeding program
‘and an active water quality program resulting from state and local cooperation. In fact, water qualiry has been reszored to '
“the extent that rccreattonal and commercial fisheries exist within the boundanes of the townshlps Thls is unheard ofin the
Pacific Norchwest. o - :
" Wild geoduck fishery: quota.s and mcreased Asian demand for llve product havc rcsulted in market prices that justlfy '
furthet research and development. In essence, the high market pnces for high quality produet has creared an opporzunity
~ fordie mdusrry and the industry is respondmg Sevetal haccheries have been involved in the various aspects of broodstock |
handling, seed production, and nursery methods, while growers have been conducting farming experiments. Although not
_* without problems, preliminary results have been encouraging. The potentml is there for the 1ndustry to take a command- .
g position.in'development and marketmg Aquaculture of geoducks will set the marker standards if high quality products‘
¢an be supplied consistenly. This session essencially comblnccl the coliective experlence of the 1ndustry to dare and should
© sérve as valuable reference matenal for others. : : ' :
The potential of new species always interests the- mdustry Thls year, thc focus was on scallo ps {pink and rock) ancl '
| sea urchm roe enhancement From 4 culture standpoint, sea urchin roe enhancément seems very promising. However,

o longer—term pmk scallop culture offers great potentta.l ‘because of the price scallop meat commands and the volume con-

~ sumed in world markets. In future conferences we will continue to address developments w1th new species or prowde .

.-updated information ‘whenever relevant. : S '

This workshop record is 4 compilatior of papers and summaries supplted by the. speakers For your convenierice and

* for further information, a list of conference speakers and arrendees is- provrded in the appendlx I hope thar everyone who
' attendcd the conference en]oyed it, and that chis publicacion wrll be useful. - :

Tcn'y Nosho



On behalf of Washlngmn Sea Grant Program, T wrsh 0 cxprch our profound gratltude to the many pcoplc who

. contnbuted to this meeting. I extend a° speclal thank you ro the conference speakers who took time from their normal

~ course ‘of activities to share their knowledgc and cxpcnences with us, ‘and for the extra effort they gavc m helpmg to o
* produce this publication. . : : S
o . Recognition goes to- thc Conference Plannmg Commicree and the Washmgron Sea Grant staff. Planning membezs
from uu:lus(r],r include Brady Engvall, Jim Donaldson, Dave Nisber, Bili Taylor.and Lec Wicgardt I greatly appreciate their

-~ .._thoughts and ideas, but most importantly, they letme know if I havc a suspect idea. Much time and efforr was expended_' o

by WSGP seaff, Teri Kirig and Steve Harbell not only helped at the rnccnng, but also provided valuable inpur during the. -

programming phase, and Susan Heszer efficiently handled the registration process. A special noce of gratitude is extended n -

to Nancy Blancon, Kiis Freeman and Vicki Loe, WSGP Communications, for developing anid distributing news releases,
- designing and producmg conference macenals, editing work, and producing this conference record: Also, I wish to ac- -

knowledge WSGP management for sponsoring spcakcrs ﬁ'orn around the counrry and the world These speakcrs havc o

: -_conrnbured greatly'to success of the onferences. -
* Twould like to thank Lictie Skookum Shellfish Growcrs and Taylor Shellfish Farrns for the1r generous donatlons of
oysters, clams and mussels. Those who attended the conference were mreated to these delectable shellfish at the reception. '-

. Special gtaritude goes to Ralph Schley, NORPLEX, who prowdcd a wonderful hospiralicy gathcrmg

-+ In addition, I'am indebred to the shelifish industry for supporring these conferences, and to individual growers too
_ _nurnerous to mention here who have prov1ded ms:ghts on marters 1mporranr o thcm and 1o the mdusrry The3c ccmfcr— :
ences are-a reflection of their inpus and cooperarion. - : o
-Fisially, the conferences could noc have been dcvclopcd and carried out- w1thout thc adwcc and support of Dr. .
‘Kenne;h K Chcw ' : : .

. Teri'y Nosho.- '
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Ken C}?em Dmcmr, Scﬁooﬁ g f .Fzsbme:, Umwmq qf‘thmgmn

Mamla clam farmmg ig 1mporta.nt not only in the Pacific ic Northwcst, but alio in many parts of the world. In the past-
.20 years, this ublqunous clam has been introduced and cultured in témperate and even sub-tropical areas. In Ttaly, France

* ‘Great Britain and other countries, Manlla clam stocks are growing from hatchery production or narural spawnifig, Some

- of the new technigues in Manila clam cultufe were developed in our area through early research by students ar the Univer-
sity of Washingron. Subsequently, these rechniques have been refined by the shellfish growers to suit their own needs.

‘Today, we will be hearing from several.peaple who are involved with Manila clam culture, and abour the techmques they

" have implemented ro maximize the hatvest of this important commercial clam under their own beach conditions. This .

. clam is the | most important in rerms of tatal value for the state of Washmgton with a harvest close © 10 million pounds_

" in 1995 alone, as recorded by the Washington Staze Department of Fish and Wildlife. -
* Most of you who know Arnold Waring will feel as I do, that a little something is missing in this parncular Shellﬁsh

'Growers Workshop today. As a matter of fact, we will miss Arnold ar any of our shellfish meetings for quite some time in .

. the future. Arnold died on Monday, January 13th of: this year at the age of 83. Out of those years, he spent S0-—more than .

halfof his life—Dbeing involved with and suppertive of the shellfish industry. You might say he was truly the “Oyster ng
Tknew Amold in the late 1950s and of course, many of you knew him even longer. In his earlier years, he was active with -
" the National Fisheries [nstiture. He founded Coast Oyster in the mid-1940s, and later became the manager of the United.

- "Opyster Producers Cooperatwe Throughout all these years, he served dlhgent}y and helped during a time of difficulty to - '
~hold thc Pacific Coast Oyster Growers Association (PCOGA) togcther as pres:dent for, I don’t know how ‘many years. He '

~was always sensitive to the young students who were coming up the ranks. When he was at the helm hclpmg to organize. -

- 'the PCOGA-Pacific Coast Section at the National Shellfish Association meetings, he would say, “Ler’s work out something
for the students who are presenting papers and glve thern a bregk with reglstrauon or whatever to  Bring them here,” Some

E “of you in the audience’have been recipients of some of this help, although you'may havé forgorren. Thus, it would be very ! .

appropriate and fitting at this time to take 2 moment of sﬂence to honor Ammd who. may have lef[ us-in the phymcal o
sense, but is seill with us in- spm: : ' C :
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- N Manila Clam Seed fi-mductitu-.

| fBamc Metﬁodo a{f Seed Puoduction,

. Jim Donaldsen, Caaereaﬁadf Cgmpau_y, Qu:!cme, Waf}:mgran Lo
. There are two basic types of moiluscan larval hatchencs Onelisa sccd producnon facility that produces relanvely

small rumbers of larvac, usually jess than a billion rotal of all species combined, and concentrates on production of single
- seed of oystets, clams of scallops: The other is a larval production facility that produces large numbers of larvae and little
- erno smglc seed, but sells lacvae exténsively to others who set and grow sced to plantable size. All hatchery systems for algal
culture, broodstock cond:tsomng, larval rearing and larval setting can €asily be adapred to suit the culture of any molluscan -
- species and the form or praduct desired. The followmg is a brief gcncral description of the systems currently employed i in

the induscry for both Manila clams and smgle Paaﬁc oysrers, the two most dommanr species presently cultured in l’.he
- Pacific Northwest. : . : :

' A.lga.l Cu.lture : _
Algae are generally cultured exther by using the bacch mcthod in open top ¢ulture vessels or by continuous-flow -
** culture in enclosed plastie bags. Many haccheries use a combination of the two methods, ‘The bag culrure method produces

~ dense, high qualicy algal culrures, but does not provide enough total algal cellé to feed large volumes of larvae or seed.”- )
- Continuous-flaw bag culrures work well in small-scale hatcheries bt are reafly-an iritermediate’step rtoward open-top rank .

~cultures in larger hatchenes Most open—rop algae culture systems use, metal halide hghtmg, al:hough some rcly sotely on
' narural light. - ' . :
. Algal diers are available for use asa supplement to cultured algae and can be fed 0 a variety of molluscan seed: Most

. harcheries culture three or four species of algae and feed with differént combinaticns of alga! species, depending on the . -

form of arimal culturéd. The following is a llst of the most popular spec1es currently in use. They are useful for all specws -
. m varymg clcgrecs : : . \

o Tha!amoﬁrzz p:eudamma ( Clam 3H )
- Skeletonema sp:
sactirysis galbana
Chagtoceras calestrars
 Chaesoceros gracilis
. Pavieva lutheri
: ?Emmeimis fuéd&q

- | Broodstock

_ Broodsnock clams and oysl:crs rcquu-c a hcalthy environment to convert their stores of glycogeu into gametes for -
~ spawning. Many ‘papers document the imporrance of bicodstock nutrition in producing high-quality eggs and, subse-
. quently, quality larvae: Tt is important ‘that broodstock receive an adequate quantity and quality of algae during the entire

.. broodstock holding process. Most hatcheries feed mixtures of the algal species they culture, rather thar a smgle algal -

. species, 1o provide the best nutritional balance to broodstock.
Broodstock can be held or conditioned to spawn in either 4 ﬂow—through efivironment or a static environment.
- Thcrc are advantages and disadvantages to both. A flow-through provides a healthy environment if flow rates, food levels

and temperatures are maintained at adequate levels. However, this system is expensive to operate unless the energy and :

food in the cffluena is reclaimed. Adequate monitoring for flow, food and temperature can also be laborious.
. - Sraric ranik broodstock conditioning is the most common method in use. It requires ‘stock to be held at speaﬁc -
. densmes or biomiass per volume of medium, with warter changes and saniration every two or three days. It is generally

"-much easier to control a static cn\rlronmcnt for temperature contro| and feeding than a flow-through environment, The ¢

- miain dLsadvantage is the Joss of the entire stack if only one of the anjmals rclcascs spawn into the warer. However, this ~
dlsadvantage can be controlicd wu:h propcr attention to the system. : : :

]
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' Rearmg Larvae _
* Larvaecan aIso be reared i in exther a ﬂow-through or staric environment. The rradirional rnerhod is static mnk culture .

' where larva¥are stocked at prescribed.densities at various siages of developmcnt Tanks are drained and cleaned and larvae -
 are graded ar regular intervals. The advantage isa relatwely stable envtronment wu:h a contmuous productlon 0{" compe-'- . -

tent, reacly-to~ser farvae. . :

* The flow-through larvae culture mer.hed reqmres a continuous ﬂow of sea water into and out of the culture vessel '
This mechod originated in Europe and is really 3 modification of the upwell system of cu[turmg single oyster séed in high
" densities. The advantage over static tank culture is that much hlgher densities can be achieved. This enables harcheries to
. culture large numbers of farvae in large facilities or save considerable space by culturlrrg smaller volumes in small harcher-

ies. The dlsadvantages ‘of flow-through systems include the continuous monitoring that is tequired o mainin food, -
" temperatuses aid flow rates at the proper levels and the problems that can.occur when latval densities are high during the .
.| mostsensitive stages ofan ammal slife cycle, Clam and oyster larvae are physmally tough but chem:.cally serisitive and their )
" reaction to-stress while bemg reared can often be catastrophlc In a flow- through system. where densmes are h:gher, losses
can be more catastrophlc than in lower dens1ry static tank systems. : - :

--Settmg Clams and Smgle Oysters

" A'tradirional upwellf downwell systefni can be used to set borh clams and smgle oysters. They are generally set w1th

' thc water ﬂowmg down onto the screen. The flow is then changed 10 move up through the screen once the’ larvae have’- Lo

) settled and new shell growth has begun, which usually takes abour a- ‘week. Both clams and oysters are'washed. daily ancl o
graded every week 1o two weeks, Clams will grow to the 1410 screen size {or 2103 mm) in six to nine weeks after semng, '."

.. while Pacific oysters will reach the same size in three co five weeks..

o Both clams and oysters can be gtown to any size in an upwetl system_ bur it is friost. efﬁc1ent ¢ move rhem out of a
" land-based upwall at 2 to 3 mm and inro a FLUPSY (Floating Upwell System) or a tray—based ﬂoanng raft system ‘where

~they can rely on the algae present in naural waters. Clarns generally reach the plantable 3600 screen size (6 10 9.mm) wo

‘months after being put into a sccondarv nursery system, but the growth-r rate will vary conmderably dependmg on the area
and season. Single oysters are initially pus into 1/4-in mesh grow-out bags or trays a the 5000 screen size or 9 mms+.’ _

- The following talks i in this sessian will elaborate on some of the aforementloned systems ard will’ allow usall ro reach :
an understandmg of the state of the arc in Mamla clam culture o

12
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_S pawnmg and .Bawmcftme .Metfwda ﬁam .Mamfa G&mw
Brian Williarmson, 'szz'or Sﬁeﬂﬁ;b Farms kaem W’asf:mgwﬂ r

To producc good viable eggs, bmodstock are condmoned from four ta six wecks at 2 1°Cin trays pla{:ed in I:anks The
process involves filling the tanks with ambient sea warer, placing the broodstock iato the tanks, and elevating the tempera-
. ture one degree per day until 21°C'is reached. The broodstock are then taken out of the conditioning trays and pur into
© separaté bags containing about 40 clams each. Rinse off the bagged clams with fresh water and leave to dry for lwwl1/
2hours. Then suspend che clams in 1501 drums filled with ambier:t sea water for another 1 to.1 1/2 hours, Make suze the
. animals are pumping well. Then move the clams and suspend them in another serof 1501 drums filled with 28°C water for
. 45 minutes to an hour. It is p0551b1c they may begin spawning before inducement wn:h sperm; howcvcr, sperm does work

B i best and should be added if necéssary. Be patient, talk dirty, and piay good soft music.
~ When you start secing spawn, be sure several clams are spawning. Viable eggs will be round, havc an intact outer )
" membrane and plenty of yolk. After spawning, the larvae are put into tanks with 25°C waer for overnight holding, then -

‘T have a smoke. The larvae will advance to the stralght hinge or D-stage within 1610 20 hours afeer fertﬂlzauon There is
no fecc[mg during this period. : C '
- Thesteps involved in gétring the larvae through to set are as follows: -

"Dayl (after 5;1;313]3; h;nge stage),

- Ifeed thelarvae TX, 2 ﬂagel ate, at 20 000 cells/ ml Ctll densmes are keprat rhese levels by momtor‘mg threc times a day )

- with a coulter counter.
 Day2
*Monitor and ad;ust feed

. Use split screems of 100 80, 70 and 45 mm mesh to change larvae. The 100 mm mesh screen is used as a deaner Placc :
. sorted la.rvae into tanks filled Wl[h 19°C water by mesh size. Brmg food cell count up to 30 000 pcr ml. '

Dav g . . : [ :
Add dlatoms to dlct ( food mlxture is 809 TX, and 20% 3H CC or CHGRA) Good heat thy clams should huld ona70 .

. 0 80 mm mesh screen.

Days - .
- Adjust fccd mixture to 40 000 cells/ml w:th a 50 50 ﬂage[late 0 dlatom mLx

" Day6 '

Stze-out larvae at 125 t0 130 mm length usmg a macroscopc Screen with’ 100 mm mesh La.rvae are reared ata dtmsnty of
73 million per tank or 2 5 w3 Iarvafmi Changc water every three days ' - - :

: }:Zagd

' Mamtaln feed and watch, larvac.
Day 9 -

'Change warer with a 130 to 140 mm screen and put larvae back into 19°C water.

: '123); 16 and 11

s IMamtam feed and watch larvae .

c o Day 12°

Screen with 160 mm mesh Screencd larvae are near set srz.c Put them into downweﬂcrs Rcturn the smailer larvae to the

. E:'_
=
e

All larvae should. now w be servers. We have seen :hat when larvae of this age are srill small, about 150 mm, they will swim for
' days and evcntually clrop out and die. T have seen best rcsults usmg TXand CHGRA rhroughout the larvae cycle

-_13. | L
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Settmg cmd Nwwexy Clpp&caaam

. - Dn .Da!:man Dabmam Sl:e!fﬁsb Ca Sb:lmn, Wwﬁ:ngron .

" Qur company has bccn se:nng Mam]a clarn larvae and planting seed fer seven years, In that time, we havc lcarncd :
© just about every way thiere is to kill clams. I bchcvc we have ]camed fmm our mr.srakcs, but even so, there is no guarantec_ ‘
- of semng larvae on a ¢onsistent basis. ' ' o SR
_ Dunng ouir first two vears of opcratlon, we bought all of our larvae ar a cost of $ 100 per nulhon For the next thrcc
ycars, we began spawning clams and raising half the larvae we needed and buying the other half. In. the past ewo years, we
- have been producing all of our [a:vac in‘our hatchery. We used to spcnd $50 000 <o $40 000 pcr year purchasmg larvac :

now. wé buy none,

" The hatchery/ nurser)r isa closed systcm in whdch we spawn get and rear. )uvcmle clams and oysrcrs unul they are " o

_ réady for the outdoor FLUPSY. The system consists of spawning tanks, Jarvae rearing tanks, setting tanks, and downwellmgf '
upwelling units. The water-is recirculared and uses a bio-panel to maintain water quality. Algae are grown in-a separare
- system thar uses filtered ambient sea water. We feed a mixed diet of flagellates and diatoms The FLUPSY consists of a set

of six containers. Each conrainer measures 3 &. x 3 ft. x 4 f1. deep. This “six-pack” rcqulrcs 400 gpm flow per container for

. 0pt|mal use. Clams are sorted once per weclc Keep in mll‘ld thata bed of clams 2 Ft decp in the conrainers: bccomcs 3f. -
- deep when fluidized: ST : '

" After spawning, Jarvae are put into: l'ugh denslry rearing tanks The avcrage densu:y in most hatchcncs is1.5102.0 .
larvae/ml. We hold 35 larvae/ml'in our high density larvae l:anks The basic design of the ranks was developcd in the
United Kingdori by John Bayes, Seasalter Sheilfish, Ltd. We are starting che fourth modification of this larvae rank: design.
- - When ready, larvac afc taken to the setting trays. Secting usually takes three to five days. The set clams then go to the *
upweﬂers where they are fed unril they reach 1.5 t0'2.0 mm. At that size the clams are taken sucside to the FLUPSY: There,. "
ic takes abour six weeks for the clams to reach an average plantable size of 8 mm. Recovery from larvae through the

* FLUPSY ranges from 100% 1o nothing: Bur, on average, we get about 30% of each lot to plantablc size. ...
‘We planc the ground at density of 50 to 200 clams per square foor, ‘depending on the seed size and what isin thc_. '
-+ ground: The planted ground is protected by covering it with 1/4-in. mesh neting. The ncmng is lc& on ail the time at
~ some locations. At o:her areas we net for only nine to ten months. . - -' :
_ In the beginning, our goal was to get a yield of 2 Ib. ffoot:’year from the plannngs Howcvcr, we have realized an .
average yield of 5 1b./ foot!ycar for. thc wholc farm if cvcrythmg is done right. I havc seen a sustamed yleld of9 lb ! footl}rar AR

: from some ground.s ' : S
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. By Brert W, Bubap Lm’[c Skookum de{ﬁrﬁ Gramrr
S)’adton, Wa:bmgtpn i ]

' Prepanng a Pla.ntmg Bed ,
"o Substrate for planting a bed of clams should be clean and gritcy. A mixture of sand gravei and shell Fragrnents )
dominated by sand is best. Mud and silt are aceeptable in varying amounts during tlie different stages of a clam’s life cycle.
When plantmg seed of 10 mm or less, the warer-ro- substrate mterface should be free of rnud o foullng orgamsrns- '
that could form a cap ontop of the beach. ' -
In areas that don't receive a wave batcering, clams. do well in pure sand. Clarns can also grow well in pute graw:l -
ranging in size from pea gravel up to rocks 3/4 in. or larger. : : .
_ 1 have noticed that che voids between the racks in pure: gravel rend 10, ﬁli up Wlth very fine sediments. These
sediments come from the ground below working up, or from silt. setthng out of the warer column. It is bereer to add your
own washed sand mixeure to the gravel ar the begtnmng Thart. way, there are no voids for sit to fil. :

| Seed Slze

In my experience,: the larger the planted seed the bettet the survival, The orher obmous benefit of using lirge sccd is :
thac it is closer to harvest size. However, seed should spend efough time in‘the ground to take on the characteristics of a
beach-grown clam. The cime, labor and costs of growing larger seed are substantial, but worth. ir. Planting larger seed )
(bem cen 8 to 15 mm) increases'survival more than enough to compensate for the labor and costs involved. '
"There are different methods of growmg seed to fit different scales of operation. Floaring Mexican trays and small-
" mesh.seed bags on racks are relatwely mexpensrve and work well. FLUPSIES and nursery bulldmgs are practtcal for largcr
volume operations.
. ‘Another method of growing seed i is to bulld asitik float holdmg a submcrged sand bed, whlch protects the bed frorn
the sun and prcdatory fish. :

o Pla.ntmg Methods .
" Begin with a clean beach wn:.h a grirry suirface. Flgure out the !tmtts of the area 10 be planted Deterrnme upper and'_ :
lower tide zones suitable for clamis. To grow clarhs and oysters on the same bcach 1t is gencrally bcttcr o use the- htgh

o _grqund for clams and the lower ground for oysters:

Add a skin of gravel or sand; if deeded, to achieve a clean surface for clams to dlg into. Seed with Water over thc bcach _

- when practical to do 50, preferab]y on an’incoming tide. The water cushions the impact of the falllng clams, provides

i 1nsulat10n from temi petaturc extremes, and lets clams dlg in and dtsappeat immediately. .

Early spring seeding has the’ advantage of fewer predators;. many predatots multtply in the summer and fall. Fore-

most among them are crabs and perch.- : '

The ideal method.is o use an on-site sccd RUrSEry. system. of some sort, and thcn plant straight onto a freshly dug -

: .patch of beach. Seed that is held in the same water it will be planted in is already acclimatized to the local condirions. In
: addttton, the seed spend only a few hours out of the 'water before planting. This eliminartes stress on thie animals.

chbmg, if maintained, will increase the survival of seed clams, sometimes dra,marica.lly The finer the mesh, the

better the protection providéd, but the more quickly. fouling occurs. Ideally, first use a fine mesh ar plantmg time. Then

switch to a larger mesh, like 3/8 in., when fouling starts to occur; Growers rarely take the time and trouble to do this.
Webs can be held dmvn with lead line and stakes, by stakes alone, or by digging a trench and buryrng the oumde

cdgcs ofa web Sew intericr searns tightly enough to keep crabs from squcczmg . . - _
When a grower seeds a recently dug bed using seed from an on-site nursery system, thcn covers it Wlth net, thie.

growct ;ncrcascs the chanccs of reachmg as [hlck aclam dcnstty as human endeavor will allow. - ' '

B Fou]mg a.ncl Remedtes _ '
' Lots of things can-go wrong. after plantmg Low salinity events ktll clams. Preezes below 25°F kill clams Tempera? :

tures rising into the 90°P range kilf clams. The grower has o accept this as 4 part of the burden of cultivating Manila clams.
1 have made alist of some problems that the grower can remedy The same clean beach that isso attractive to otheseed clams
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is also artractive to 4 succession of other specxes There are many places in sou:hern Pugee Sound where any clcan parch of S

~ . gravel, shell ¢ or web will catch a ser of barnaclcs, mussels or seaweed. The grower ‘needs 1o zmﬁcxally hold ¢his orgamc
 succession at the clean beach stage. . ‘ - -

_ When anetis bcmg buried by sand, silc or brown shme thc grower needs to remove the stuff from :hc op- wn:hout ;

o -harmmg the clams below. Hand fabor always works; you can use a five-gallon bucket and gloves with rnaybc d hard rubber

*dustpan to scoop off the layer of muck. Float thie web above the surface with floars of some sott.

'Someé beaches caich heavy sets of mussels or batnacles. These organisms should be removed before they Forrn amat

that caps off the substrate: A drcdgmg fork or somcthmg sirdilar works well to skim off the junk and leave the. rest.,
Seaweed and the brown slime grow seasonally on webs and on the open beach, Usually,- if one waits a while, some-

_ | thing happens all by itself to reduce the slimy stuff. If the slime does start to. choke off the substratc, the web should be .
~ takeni up and replaced, or maybe pressure washed; I haven't tried chat one yet. : . -

Oysters can bea foulmg problcm 100. Youd bc tucky to have 2 problcm l:ko thar

Engmeenng a Bed

Clams ate St:ttlng and growing extremely well in thc old Olymp:a oyster dikes in- south Puget Sound Bl.ult as.

- artificial tidepools, most of these dikes no longer function as such, "With boards broken and concrete walls breached, the a
fiat gravel tertaces that remain are ideal for Manila clams The skeletal dikes also help anchor and support the banks of the

bay and prevent new channels from’ formlng _ :
- As growers work their beds ever more extcnswc[y they need to oﬂ'sct the sloughmg and. sct;tlmg process that oceurs
each time a bed is dug. On the banks of 2 bay. a grower should protect against landslldcs and crosion from above the. .
 tideline. The grower also needs to limit the size of the channels and flood plams of rivers and creeks where they r mcandcr
1dﬁtruct1vcly back and forch across clam beds. | ' R : L
After seeing the terraced fields and hillsidés of Asla,  believe that Mam]a clam ciltivarion would. bencﬁt from this
- iype of approach. In Lictle Skookum Bay, steep banks i some patts of the narrows are constantly sloughing away into the
- water and onto the beds. The beds slough downward each time they are hand dug; If stepped terraces were built and filled
to the proper grade with sand and gravel, the erosion problem would be slowed and superior clami beds would'resulr.

-~ In places where siltation occurs on flat or concave beds, most of the'tirme a little bit of contouring will eliminate the

problcm Put a slight crown on a section of flar bed Take a shallow swale full of mud, pu.l: a trough dawn thecenter, and .
watch the coze slide downhill with the outpoing rtide. : : :

In some flar ot gently siopmg areas, particularly areas that are barren of natural set clarns, the grower nccd:. 0 budd . -

plonrer box beds” to raise the bed that critical inch or two above the water table. Cedar wood or concrete walls would
_ contain a slightly-raised, crowned bed of perfec: substrate. The walls should be buried 102 depth of about four inchesto

deter moon snails and crabs. Webbmg is easy to apply and service over such a structure. Sedimenr washmg off the bed o

-accumulates in the access ways berween beds and ﬂows down into catch basms a, the bottom whee, it can. cas:ly be

O rem ovcd

-In some places’ affeceed. by severe ndal velotmes, deﬂcctors can shclter a bcd Old shucked oyster shell makcs a’

o pcrfcct construction matesial. A low dike or wall will protect a flat bed from forming new channels. .

Exisu ng. bcds can be perfccted by adjusting the relarive amounts of sand, gravel and shell. Too much rock can makc

a beach'too hard to dig. Too much sind can'miake the siirface move around 100 rnuch Shell is nice to hav'c bccausc it makes L

" the ground mere porous, but it is not essenual

Harvest Techmques : -
‘Dry digging is pcrformed on exposed beaches using-a hand- hcld pomto fork.” Undcr watcr onc uscs a drcd,gmg_ '

s fork a hand-held. modified pitchfork with many tines. In both-cases the dxggcr takes on.ly the mature clams and carefu]ly o ‘. y

'la.vcs the seed clarns to. d1g back into the bed and keep growing.
Blanket digging or row dlggmg is the most beneficial method of hanrcsnng clams It turfis over the entire bcd and___ o
'ylclds al! of the mature clams. : : :
. Digging the same bed yearly, or even several times mch year, aerates the: bed and a.llows meon snails and oysrcr dnlls -
-t be removed bcforc they get out of conrrol Barnaclcs on rocks can bc turned upmde down or buricd '
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-Harvest Tlmmg :

It is best to wait unul the nde bcfon: thcy are to.be proccsscd and shlppcd to dig the clams. If one has to ho!d clams.
over, it is best to do so in the water. Some growers hold clams in sink flodts; some leave them low on the beach in net'bags; -
some use refrigerated upland dtpuration ranks. Depending upon the-season, with summerrime being the' worst, clams -
stress out after bemg dug The longcr they are out of the ground the shorter their shelf l:fe ' : o

Fmal Remarks

Bringing the Manila clam over here from _]apan was one of the finest thmgs thc old time oysier growers ever d1d Thzs
clam inhabits a greater range of clmtlon than the narive clams It also reproduces in huge volumcs, has 2 long shclf life,
and looks and tastes superb : ' :
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]atr’; Davis, Pb.D, Baywam; Inc., Bamisndge Is&md Wa;bmgwn :

" In the Pamﬁc Northwcst, culture of the Marula clarm (J’Ezpes pb:f:ppzmmm) has hists rlcally relied on thc harvest of

clams-that occur naturally, wich natual replenishment- occurring as larvae sertle out onto suitable substrates. Intecene

years, hatchery production of seed clams has allowed artificial replénishment of beaches. Replenisfinent and enhancement

‘gfforts have inchided seeding over sections of beach cavered with netting to exclude predators, adding seed clams to wild.

populanons to enhancc ovcrall proc[uctwwy on naturai clam beds and graveillng of beaches to encouragc natural. clam =
setciement.

In addmon, the use. of Vexar Plasnc shellﬁsh bags (ADPI EnterPrwes, Phxladeiphla, PA) to cnclosc sccd ol" sui :able_-'- S

size ukitil they have grown out and can be harvested has been successful under some culture condttions. This method has: "

- been used exclusively o grow out Manila clam seed onintercidal beaches at Thorndyke Bay in north Hood Canal. This

- method works in chis location because of the suitability of the'sand subszraté dnd the relarively protected narure of the
intertidal beach. A stainless steel frame slightly lasger that the outer dimensions of the clam'bag (30 ini x 18 in.) is lald onto -
the beachrand the lower lip pressed inro.the sand to provide a témplate for substrate rcmcsval Sand is removed from within

-, the frame by shovel and the material added 1o an empry clam bag. Sand is rcmoved within the frame to-a depth of

approximately 4 inches. Four.hundred seed clams having a shell heighr of 3/8 in. or greater are added to the bag, and the
bag is clipped.shut using scainless steel hirch pins. The bag is then rolled irito the rectangular dcprcsslon and- the frame

removed. The entire upper side of the bag is thus exposed and. protrudes above the level of the beach by about one 1nch o

. . Approximately 12 10 15 bags an hour can be comforeably deployed in this mander by one worker. :
' In this location two years are required to rdise 3/8 in. seed to harveszable size (1.5 in.). Harvest consists of lifting the S
bags free of the substrate and washing our the sand, leaving washed clams in the bag ready to purge and bring to market,

Costs associated with this type of clami culeure are described below, based on 20% coverage of the available area. In this.

_ system, small seed are first deployed in sinall mesh Vexar bags on interridal shellﬁsh racks and grown to the appropnatc SIZC-, 3
prlor o seeding, out into bags for beach culture: ' '
: - Production Costs an 2 per Aére Basns

“Vexar Bags (2000) - $7,000
Bag Preparation - - , $1,000 -
Bag Development .~ " $2,000

" Seed Costs (800,000) . . - $3,600

: Nursery Costs { 100 bags) s $1,000

. “Harvest Costs™ - _$2,000
- Total Costs of Deployment ' $16,600

- Producuon capzbilities using bag cuiture are based on the size of the dlam ha:vestcd At a rate of 15 lbs per bag, '
approximately 30,000 lbs. may be harvcsted per ac:c and at a rate of 20 Ibs. per bag apprommatc]y 40 ,000 Ibs, per acre
* - miay be harvested. '

- Acritical cornponcnt in the husbandry phase of-culture. mcludes prevcntmg sand’ from eovcrmg over the upper rncshA_' o

- surface of the oags. If sand is allowed to overcover the bags, high clam morralities will result. In addition, red rock (Cancer
. praa’ucrm) and Dungencss (Cancer . ma_;mer} crabs may settle qut.of the warer column as fate instar larvae and grow up” -

inside individual bags to prcd.ate upen young clams. In the absence of prcdators. an lnltla[ stockmg of 400 sced cIams pcr._ L
- bag will result’in uniformly high retursis of adult Manila clams. o
Inaddition to Manila clanis, other claiis recruit into the- bags. dunng che’ growout pcnod Buttcr clams {szxm’omus o

gzgzznrm), eastern soft-shell cd clams (Mya arenaria), horse clarns { Tresus mpax) and na:we httlcnccks (Pmrorb:zm stamined)
are commonly encountered. In addition; hearr cockles (C'Imomrdmm namﬂu) often recruit into clam bags as well.

If juveniles of these species of clams and cocklescan be produced in the hatchcry to provide a reliable supply of sced S

' then thc aquaculturc porennal for these spcc1es may be tnhanced usmg char growout bags on suirable substrates
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.‘Deueﬂapmento wut!i .Mecﬁamcaf Gfam .?fwweatew
. Dave Mirchell, Madrona Sf:ellﬁ:h Lid., Erringson, B.C., Canada -

_ Incrcasmg production and labor costs’ For current manua.l harvesring practices has renewed interest in British Co- -
. .lumbia in the development of mechanical harvesting metheds for Manila clam farms. Two designs for mechanical clam.

" harvesters were developed in B.C. in 1996: a- fully operauonal harvester buﬂt by Mid-Isle Marine Led., and a smallcr B

working prototype butlt by Madrona Shellfish Lrd.
" These protorypes are che first applications of rncchamcal clam harvcstcr tcchnology in B C. that do not use prcssur-
" ized water (o separate clams from beach substrates. Earlier so-called “hydraulic harvesting methods,” developed for the °
wild clam fishery, were found fo'be cn\rlronmcntally destrucrtive {Adkins eral, 1983) and are prohlbl:ed Both the Mid-Isle
" Marine and Madrona shelifish rnechamcal harvestcrs use a sifting mcthod that more closciy rmrnlcs the current manual
harvesting practice.’ :

" " The criteria for the. Madrona Shellfish: harvcsrcr project was to dcvciop a sma.ll mancuverable clam harvester that
"could easily be operated by one ‘or two persons. A track drive was considered i important for weight distribution: and
traction. For the ‘sake of ecoriomy, the harvester was. built using the chassis and motor from an 8 hp track-driven snow-
blower. A set of rocating tines was designed to separate the clams from beach substrates-and deposit them on the beach
surface. Hydrauhc mortor drives controlled, both the propilsion and dlggmg systéms. This harvester was field tested in
- August 1996 and successfully sepdrated clims from the beach substratcs with very lirtle clam breakage (estimarted at 1% to
2%). However, the propulsion system did not prove o be adequare, primarily because of insufficient clearances under the
chassis and between the track-drive and the digging mechanism. Iris behcved thar this probicm can be overcome in the.
--future with the use of a somewhat larger track-drive system. - .

- The Mid-Isle Marine Ltd. clam harvester prototype consists of a Series of cham-mounted buckcl:s that remove the
top 15 cm of beach substrate and deposit it on a screen thar sifts the clams by size, The clams roll off a screen into a rote arid
gravel falls back onto the beach in the harvested crack: The harvesting mechanism is mounted on a trailer thar is towed

- behind a tracror. Preliminary testing in the spring of 1996 showed that the digging mechanism efficiently sorted clams

- - from bedch substrates. Unfortunarely, the configuration of the trailer-mounted harvester proved too heavy for the soft-
gravel/mud on which it'was rested, and required thar sheets of plywood be placed under the wheels of the tractor and -
trailer to prevent it from becoming stuck in the beach. In spite of chis, the success of the dlggmg mechanism warranted
further evaluation. As a resclt, more extensive tescmg was undertaken in the summer of 1996, sponsored by the B.C. -

" Ministry of Agriculwre, Fisheries and Food. This testing was considered essential to determine whethier the mechanical

‘harvester harvested clams with a minimum of breakage, lefc beach subsrrates in an accepuable condmon and mused_

- thinimal clam seed damage and ‘other environmental imm pacts. -

- To meet these objectives a study was de.sugncd to -compare mechanical clarn harvestmg wrth tradmonal rnanual .
harvesting by conductmg quantitative clam population density surveys. before and after harvesting, The surveys would .

. enable comparisons on relative harvest efficiencies and on the survival of seed clams chat pass through the harvest process.

" In addition, evaluarion of beach substrates before and after harvesting was undertaken to determine environmental im-

pacts (substrate evenness and appearance, macrofauna, intersticial pH): Results from the miechanical and manual harvest-

ing treatmencs were compared wirth reference to unharvested {control) areas. Each of the three treatments conisisted of

thite replicate plots (niné plots roral), each 17 fr. % 100 fu. in size and 3551gned usmg a randomlz.cd block design. The pIots

had prewously been seeded with clams and were covered with protective netting.

: Results of che scudy- {Mizchell, 1996) showed that the mechanical harvester rernoved market size clams from the
beach with an efficiency similar to manual harvesting (81% vs. 8§% respectively). Clam breakage as a result of méchanical - -

harvesting was measured at 1.5% versus an estimated 196 to 2% for manual hatvesting. The number of small clams (length R

< 32 mm) remaining on the beach after harvcstrng Wis not sxgmﬁcandy different (P > 0.05) berween the three treatments
- (mechanical vs. manual vs. control), ranging from 494 to 608 small clams per m? (most in the 15 to:28 inm size range).

Both mechanical and manual harvesting left the beagh in a level condition without large furrows, mounds or other adverse
environméntal i 1mpa.cts (e.g. mud shr:mp Upogebia present; no change in beach interstitial water pH}. The additional labor
. associated with mamtammg traction in the mechanical harvester (i.¢. placing plywood under the wheels). did not résulc in
. an overall savings in labor in this study in comparison with manual harvesting. However, in spite of the traction problems, -
“the'machine haryested 2 17 ft. x 100 fe. plotinan average of 0.5.t0 I 0 hours, compared with 6 persen-hours for manual

- dlggmg

References . -
Adklns, B.E., Harbo, R M and T\T Bourne 1983 An evaluauon and rnanagement c0nsrderatmn of the use of a hydraulrc
: " clam harvester on intertidal clam populations in British Columbia. Can. M$ Rep. Eish. Aquat. Sci. 1716: 32 pp.
“Mitchell, D.G, 1996. Evatuation of a tnechanical clam harvester for Manila ciam Farmmg Report prcparcd for the Brmsh
Columbra erustry of Agnculture, thcrlcs and Food. 19 pp- + app
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.Ym LeBargm SATMR, Gamwlk Pkare an:e

At SATMAR we produce 50 million larvae ar the strazght hlngc stage in the harchery durmg March of thc year Of

- these, 40 million larvae are set ac 160 Um screen size and then held in downwellers for one week at 20 C. Usmg a screen size

- of 180 pim, we get 30 miltion post set clams from this prenursery phase of the operation. ‘The  juveniles are allowed 10 grow *
" to a size of 600 |J.m and then they aze transferred to an upwelling nursery system in April. Thls will result in 20 million
clams at abour 2 mm size by the end of May. Duting the June-September perlod ¢lamns remain in the nursery whcre thcy
_-mll reach 6 mm. Feeding is enhanced by adding Skeletonema. S o = :
" In October, the clams are pIaced into 4 mm bags and placed into ponds for overwmtermg through February Afrera -

. period they are transferred ro 6 mm bags and rémain in che ponds-—-no food is added. About 18 million clams are avallable -
« from this: phase of the operation. If there is a demand for clam sced we ha\'e addltlonal productlon on thc same pattcrn :
- {e.g. for the European clam Rudirapes decussatus). i

" ~Weplantin Juneara denswy of 400 clams/sq. meter wu:h the use of 2 plantmg machme A.ll seeded ground is covered
~with 5 x 3 mm netting, The netting is periodically cleaned by brush and is removed and dcstroycd by October. Then, the -
: clams are allowed 1o grow one year without netting, Harvesting is done wich a machine converred from carrot harvesters.

- Overall, we realize 2 70% survival from plant to harvest, In other rerms, we harvést 10 mt- for every million seed
i planted ar 10 mm, SATM.AR has been Plannng 12 rmlhon seed per year, and harvesmng 120 mt ar 264 000 pounds per_ .
L yean In 1998 SATMAR w;ll plant’ 18 million seed . . S O

_.‘Reou&a .fwm a “’lL-.‘Ra&e .Tt” (:'fam chn

s Harmm I Bresee IH NWI}J Cszmlxm .S'm Gmrz: Ralexgh Non‘b Carplzm

_ -The “u-rake-it" clam Farm concepr evolved as an idea for prov1d1ng extra. income for. commcrcml fishermen (who
were already producing clams in 2 mariculture operanon) by drawing on the flourishing tourism industry found in many

coastal areas. The-idea is-very similar to the common “pick-your-own” vegerable farms that are frequendly found in the’ o -'
* . country. With a-grant from The Ntional Coastal Résources Research and Development Tristitute (NCRI), the North

* Carolinz Sea Gran; Program and Hattcras V:llage Aquafarms worked together in the summer of 1995 to setup a u-ra.ke—
©it” clam farm on Harteras Island, N.C.. ) : S . . .
' Our objcctwcs were:
" 1) Establish a “u-rake-it’ clam fac;llty
Ly Develop a marketing program. : o
3) Develop educational producis to inform tourists about shcllf' sh:ng and aquaculturc
4)-Develop a manual and 2 video. o
-5y Obtam biclogical and behavioral data on the clam Mercemrm mercmana : :
. Resuls were definitivé. The business proved to be popular with customers. chry-f' ive percent of. the customcrs
. were vacationing, Seventy-nine percent said they had 1 never been clarnrnmg before. Eighry-rwo percent of the customers
" surveyed said they would return. Ninety~nine percent. said they would recommend the facility ro others. : -
" The business made money. With a rotal labor cost of.$10,904 {two full-cime employces ar $1,817'a month each)
income before taxes was $2,954 for che thrce-month season. Investments were minimal. Assutning the operation already
had a successful mariculture operation, on]y $15,545 in dlrcct expenses and 514 602 in indirect expenses (for a: rora! of -
$30 147 ) wel:e acerued. Total Tt révenue wis $33 890 . Lo
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" Awstin Docrer, Taylor Séd{ﬁ:lf Farms, Shelton, Wasbmg;an

Taylor Shellfish- Farms pxocessmg-faahry réceives Manila clams from_Ta?lér opcrﬁtions and outside source.s. The

i ‘product is brought to the plant where it is unloaded, weighed, tags checked {certified dealer, approved waters and dare),

and the general quality assessed (off species, cleanliness). If the product has beén. purged it is delivered to the processing

. line. If it hasn't been purged, it is senc to the sink floats. We require that clams be washed off and be reasonably clean when -

- they are received. At delivery, clams will be processed for shipping or refrigerated 4t 45° F and processed latcr, acccrdmg o
the time-temperature matrix outlined in the NSSP Manual, Part II, Appendix F - -

Clams are washed by placing.them on a brush roller, which performs several funcrions— scrubbmg, h1gh prcssure '

washing, and spreading the clams for gradlng From the brush roller, the clarns drop onto a three-deck roll grader thar sorts

- them into large, medium (regular) and small sizes. The grader has size. adjustmcnt and counter rotation features.

_ The clams are then accumulared for intermediare storage. This srep gives the processor the ability te run one size or .

-mix clam sizes when packagmg Storage conrainers have a 400 lb. capacity. They are placed on a sloped and paddcd ﬂoor

Interior netcing softens the clams’ fall. Clams must be processed within =wo hours dunng this phase:

Next, the clams are rolled onro a conveyor for inspection and packaglng During inspection we check for cleanlmess

- and look for broken, weak or dead clams; rocks; and off-species sm;h as littlenecks, butter clams and cockles. The conveyor .

spills to the packaging chute where the clams are weighed in 5-, 10-and 25-1b. conrainers. A rag providing harvest, shippcf,
. and destination information is strapped to the ousside of each box. Gelice is placed into each package ac 1.5 Ib. ‘per 25 ib.
of clams. The clams are stored in a cooler {45° F) untd shlppmg Ani important- pomt here is that they cannot be out of -
' refrigerarion for more than two hours. " -
_ ‘Our quality control program inchudes post- packagmg inspection where we s..hcck wclghts, produCt temperagure,
qualiéy, tags; size and consistency; and refrigeration temperarure We also do fecal count tcstmg by scndmg daily samplcs to.
‘a prlvate lab and weekly samples to the state lab. : :
" We use several sources to ship'clams. Taylor rcfngerated tru...ks are used for local deliveries and deliveries to Sea-Tac _
. Airpert. Qutside refrigerated truck lines. {coast to coast LTL) are ‘used to deliver less than truckloads anywhere in the
" “United Stares. Also, orders are sent by UPS, Federai Express or are plcked up at :he plant Trucks are checked for tempera—
" ture (45° For lcss)
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© Jobn Volk, Cannecricur D:parmmr angﬂcudmw M{ﬁrd Connecricut

Connecticur’s oyster: farmmg mdusrry is the nartion’s lcac[er in terms of the value of oysters produced a.nd ranks
among the ‘top three states in production volame. The economic impacr of oyster culture to- Connecticut’s economy . is

., significanc. More than $40 million in annual farmgate sales is generated, ¢reating more than 400 industry jobs. Anhual -

harvests exceed 700,000 bushels {over 175 million oysters). More than 40,000 acres of oyster farms are under cultivation’ -
" and more than $200 rml[lon is contributed annually to the state economy (esumate uses sts.nclard economic muluphers}
The oudook is promising for continued mdustry growth and export opportunmes :

_ Ovcrview
.Background : R :
"+ Qpyster farming has been an important Connecticut 1ndustry for more than ES ccntury Peak 1ndustry harvest occurred -
during the 1890s. During that time, more than 2,000 Connecticut citizens were employed by 600 figms and annual )
“ harvests approached 2 miillion bushels. Connecticut could boast of having the la:gest fleet of steam—powered oyster vessels
in the world. Connecticut was also the leading producer of seed oysters in Lhe Northeast, supplymg the New York, Rhode -
Island and Massachusetts-industry with oyster scedlings. -
‘After World War L, the industry wenc into steady declme and by the early 1970s had nearly died out. The primary
cause of the decline was. pollution tesiilting in oyster harvest prohlbmons, loss of market, reduced producnan and lack of .
seedlmgs By 1972 Coninecricur harvest levels wete less than 33,000 bushels: - - -
. As warer quality began 1o improve, so did- the oyster mdustry W'ith a few Farm.mg operanc)ns stlll in place, the
mdustry began rebuilding 1tse}f : L
Current Status . L ' o . :
Connecticut oyster farmers now producc the hlghest-value oySter in the country and are second only 0. Loulsmna in
' quantlry produced _ : : '
Through sound farming techmqucs such as the removal of sﬂt, cultivation, planting of shell (culech), rransplantmg. .
- of seed and predator control, Connecticut shellﬁsh farmers hiave significantly increased their yields per acre and producean -
. oyster- famous nationally for its consistent size, shape, flavor, hardlness and quahry Annual harvests now exceed 700 000
bushels valued at more-than $40 miilion wholesale. ' S o
S Oysters are farmed by 32 firms on leases and grants oi:f the Connecucut coastllne of Long Island Sound using
extensive botcom- culrure methods. These firms employ approx:rnately 320 people and operate 71 wvessels, Oyster seed is’
obtained by the firms through plantmg culech (shell) on their leases and grants or by purcha.smg seedllngs harvested by
seed oystermen licensed to work the public grounds There are approximately 125 seed oystertmen operating 77 boars. Seed
 salesalone generate $300, 000 to $700,000 annually. Additionally, in Connecticut there are 45 F irms engaged in wholesale
oyster sales and dlsmbunon they employ approxlmarcly 270 pcrsons ' S

'CONNECTICUT SHELLFISH INDUSTRY PROFILE -

'Number of firms engaged in shellﬁsb,' eultw_atl_on 3 .

Approximaté number of boars - .. o 7L
- Approximate number of employees -~ . 320 -
* Number of seed ery_s:efmen N ¥ A
' Nﬁmber dfﬁeéd bo’éts T .77
D Number of additional firms enga,ged in wholesale "
.- shellfish-sales and distribution . S 45
o _Approxlmatc number of employees S 270



’- _Stare Arld'_Inr[uStrY PartnershlP

_ - The recent cxploswc growth and success of Connecucut.s oyster farmmg busmess are prunarily clue © cooperatrve
B 'eﬁ’orts bcrwccn stdte government and the oyster mdustry

‘ Cu.ltch Program - - o
- The continued E.Valla,bllll'y of scecl is crmcal to thc stabLhry ancl furure of the ‘industry, Therefore, to foster mdustry .
growth in 1987 che state legxsiarurc established a program with the Connecticur Department of Agriculeure (CDA) o0
 purchiase cultch (shells) for planrting on the state’s public seed oyster beds (Gen, Statute 26-237a). The planting of. cultch -
improves the overall condition of the oyster beds and providesa surface for che oyster. spawn to artach to and grow. The
' cultchi is distributed and planted by boats and volunteers from the oyster industry. The oyster larvag setdle.on the culech in °
late summer and the thumbnail-sized aysters are harvested by licensed seed oystermen in the fall and spring. Oysrermen
sell the seed to the aquaculmre industry ]cascholders for growrh in. deeper, ¢lean water wheré the shellﬁsh will be harvested

*for market thee to four yéars later. . -
‘The culech program was established wnth an 1nmal bond authonzatlon of $1.3 m[lhon in 1987 Subsequenrly, an .-

- additional $4 million was bonded over the past fevr years. In addition to the bond aurhonzauons che oystermen harvesting .

 seed from the restoration areas pay a 10% assessment on the sale value of theif harvest. The money-is collecred by the
. Department of Revenue Services and deposired in the cultch program fiind to help sustain the program. To- date, more -
. than 3,000 acres of state beds tave been restored with approximately 5,250,000 bushels of shells, ' - .

The: succcss of the CDA’s cultch program in restoring public oyster beds has feceived national acclalm as'a mumph -
-~ of state government and indusery workmg together for economic develo pment and job creation. To quote 4 recenr dquac- -

. ulrure industry publication, “Connecticut is a prime example of a state thar has invested a modest amoiint of funds
rowards managing and i 1mprovmg its natural resources and reapcd huge rewards in terms of jobs and-fevenues l:har exceed
_ rheu- investment many tmes over ' '

LcaSmg of Shellﬁsh Grounds L ' ' ' S : _
* The CDA leases shellfish grounds through compentwe bids. Thls program permits oysrer farmers to obtam under—

. water lands in Long [sland Sound for planting, cubtivating and harvesting their crops. Through proper care and investment |

in their leases, the industry has perpetuated and greatly enhanced rhe oyster resources in the sound Presently, more than

46,000 acres are farmcd by. thc industry.. ' o

: Llcensmg, Momtormg, [nspecuons . :

' The nation’s shelifish industry has faced a dlﬁlcult markctmg chaﬂenge in recent years because of negamre pubhary

abour water quality and the safety of - Qysters. Health problems associated with oysters produced in.other states, particularly

- a.long the Gulf of Mexico, have caused market price decline and reduced consumption. However; Connecticut oysters
continue to be in high demand and sell for rwice the price of any other oyster in the markerplace. The reason for this lies .

'in the reputation for quality and the outsrandmg safery record. rhat has been esrabhshed by the Connecncut mdustry and
the CDA’’ shcﬂﬁsh sanitation program. : : .

_ To assure safe shel iﬁshmg areas for c.ommerual and rccreanonal harvesters and to muaintain ceruﬁcation withe the
- US. Food and Drug Adrnmlstranon, the- CDA licenses and i mspects all commercial shellfishing operations. The agency

carries out detailed shoreline surveys and fastidious water quality monitoring t protect pubhc healeh and the credlblhty of

. Connecricut-grown, shellfish in the interstate and-international markerplace. :

. Reccntly, Tallmadge Brothers, Inc., Connecticur’s largest oyster company, conrrlburcd more- than a half rrulhon o

-~ dollars toward l:he construction of the CDAs aquaculmre l:estlng laboratory on' thc shorclme o S

Marketmg and Export R - : >
. The CDA works closely wrrh Connecucuts OYster farmmg mdus:ry in the competmve arena of markctmg, promo—
tion and ‘export— equally i imporrant to- pl‘ﬂduttlon and quality assurdnce,.
 Recenr efforts by the CDA have successfully linked Connecticut oyster- produoers to several major reglonal and
" national supermarket compamcs The department’s linkages v with fedcral _programs have resulted in grant funds ro assistin.

- dcvclopmg export opportunities. Negoriations with Asian and European matkers are underway Connecucut oysters have,

rcccntly been en;oyed by potennal chenrs in japan, Ma.laysm and Chxle

; _'2'6' '
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: Added Economic Bencﬁt L :
o Using standard cconomic multipliers, | itis conscr\ratwely estimared that Connectlcuts oyster farming mdustry con-
- tributes more than $200 million to the state’s economy annually. Additional jobs and revenue are generated by use of
support trades and services associated with the oyster farming: mdusu-y These 1nclude purchases of fuel, boats, trucks,
equipment and supphes, as well as maintenance-and repair needs.” : R _
The oyster industry has major capital investment in the ownership and opcratlon of shore51de processing facilities. -

Opysters, as they move chrough the wholesale and retail distribution chains, generare. considerable revenue. Fmer_ B

restaurants rotitinely séll Connecticur oystets for more than one dollar apicce.

Recrearion and tsurism are mulcimillion doliar industries in Connecricut. Both are posmwely 1mpacted by the staee’s

-oyster industry. Virtually all of Connecticurs recreational shellﬁshlng prograrms have. been asswted by the mdustry in
restockmg shellfish popillations and creating harvest opportunities. -

Because of thé strict federal standards that are requlred to market sheﬂﬁsh the oyster mdustry has dlhgently pursued
warer quality improvements in Long Island Sound.’ :

These efforts ultimately contnbute to the quahty of the shorelme expenence en]oyed by visitors and rcstdcnts allke '

- .Si'tuhtion Outlook .

Dunng the next decade aquaculture activities such as oyster Fatmmg are expected o be among the top 10 gmv\.th
industries in the United States. The CDA and the oyster mdustry presently have the necessary programs and infrastruciure
in piace to foster continued growth in this enwronmentally sound busmess Loglstlcally, Connecticut is 1cleal]y located o

" respond to natlonal and mternatlonal markets The potential for expo r opportumtles oﬁer great pOSSlblllthS

-"A/ummpae Sﬁeﬂéﬁoﬁ ngwm in Camtecacut

x -Bill Grem, Gm_!férd Engineering B@aﬂmmr Gun_’;‘brd Conpecticut

Gutlford Connectlcut, whlch was settled in 1639, was probably typlcal of most smal] New England coastal towns.
Local laws governing she]lﬁsh resources were adopted and repealed, it seems, on a monthly basis. Duting town meetings,
i debartes over shel[ﬂsh issuesaften becarne heated. Thei imperranceof shellﬁsh to pubhc and private interest was Tecognized
early in Guilford’s hlstory Archival land records reveal a somewhiar humorots bur- serious chronology of the townspeople s
. concerns regardmg shellﬁsh Excerpts from town recq:ds are ag fol}ows ' ;

. 1648 Flrst reference o sheﬂﬁsh' local mollusk shells used i in mortar
5 1753 Fttst leglslatlon rega:dmg oysters ' _ : :

1766 - Gcnetal assembly aut.horwed towns to make 1aws regardmg shellﬁsh

© 1775 - Fear of extermmanon* 2 law enacted forb:dd.mg the t.ransport of oysters out of town.

. December 15, 1775 Law changed to allow obe to carry out of town as-many oysters as-one horse could
. conventionally bear. .

- 1791 - Votecl t.hat in case e of s:ckness, one could take oysters' ﬁ'om closed grounds thh a perrmt. )

1828 - Begmmng of oyster culture; voted that anyone rmght lay clown oysters and clams below the lugh
water mark and they beoome ]ns property. :

_ -"October 2, 1876 Selectmen are authorized to luse town' grounds for ﬁ\'e years. Vote 802- 39
' October 14, 1876 - Vote repealed by vote 116-53. _
o }anuary, 1877 - Law reinstated by vote 57-49
o Februa.ry 1877 - Law repea.lcd vote 197-28



- 1887 - Fear of oyster extinction; $250 appropnated to enforce the oyster law and a oommmee was -

- . appointed to report on the’ protection of oyster and: other ﬁshenes.

| 1879 - Town voted to miake all shores free to mhabttants for ta.king Iong clams (steamer cla.ms) o
]a.nuary 28, 1882 Appmntment oF oyster grounds committce and two constables to enforce she!lﬁsh laws. -
_ 1984 Gullford Shellﬁsh Commtssnon was appointed. '

- __:-_Ba .Ckg:l'(’lln_ .d

Thro_ugl'r the 1930s and ‘1'94'05, the State Dlepartment of Health issued permits | to.take.s-hellﬁsh. from polluted wéter -

10 clea,n water for purging, subsequent to public sale. From the 1940s to the 1970s, Connecticuts coastal water. qualitywas .~
generally poor and recreatipnat shellfishing was not ‘permiteed. In the mid-1970s, the Oyster Grounds Coinmittee. of Co

_Gu1lford appointed by the Selectmen, actively pursued cemﬂcanon of oné or two bays for recreational harvesting.
'  In 1982 the state law was changed to allow the conversion from an QOyster. Grounds Committee to Shellﬁsh Com- -

~ " mission, which would be tesponsible for writing management plans for focal shellfish resources. - R
In 1988 the FDA and ISSC ¢hanged guidelines for the standards for shellfish sanitation in growmg ateas, and for B

' ptocessmg and distribution. Connecticue did riot raeet the new requirernents, Followmg a lengthy legislative f process, the -
~state shellfish program was transferred from the state health department w0 thc CDA Division of Aquaculture, under t‘he
- dlrecuon of John Volk. R : : : o

After the transition, communities desu'mg 1o maintain the;r Shelfﬁsh Commlssmn were requ.ured to-rewrite manage-
‘ment pla.ns, produce action plans and, enter into a Memorandum of Undetstanding (MOU) with the A.quaculture Dm—_
sion.As a legal instrument, the MOU was very specific as to the respons1bllmes of all interested parties. Guilford’s success,
- as with other corimuniies, was only possible through. the support and cooperation from the Board of Selectmen, the ..
e Health Department the Police Depaitment, the Water Pollutlon Control Authonty, the Shellfish Commlsszon, and com-
merc:al and recreatio nal shellﬁshers : : T

| The C'orninissi_o’n

7 Ia 1982 Connectmut enacted laws to encourage TOWnS [0 create shellﬁsh commissions and write rnanagement plans
o regard:ng their local shellfish resoyrces. Today all but three or four. of Connecricur’s 36 coastal communities have shiellfish
commissions. Typically, as determined- by the town's charter, commissions are composed of five regular and two alternate :
. members who generally serve four years. Communmes with.comumissions operating under the guldelmes of a MOU are

L authonzecl under staté starutes and town ordmances to manage local shellfish’ resources.

-Gullfords monthly meetings are called to order in a publlc forum by the chair. The meeting is attcnded by commis- _-

* sioners, Health and Water Pollution Control- perSOnnel and the public, which is usually commercial and recreational -

.fishermnen. A regular agenda’ would include 4 publlc fcrum, blils and corresponclences, LreASUTer’s report, subcommlttee _
_ and warden reports; as well as old and new business. ' '

“The cornrmssmn sets -policy with respeet to federal, state ancl local standarcls Respon51b1llt1es of subcommxttees_ o

- within the commission include: managing leases and agreements, water samphng and data collection, assessment of shell- .
. fish resources, overseeing recreational and commereial activity, partictpating in comm:sswn-drwen aquaculture programs, :
‘encouraging outreach for hxgh school mternshlps and general accountmg and bookkeepmg C



g Recr'e'at_io'na.l S_h’ellf_ishingl o

Recreatmnal grounds are opened and closed dependlng upon the avm]abtlu'y of resources and in strict accordance :

w1th the protocol of the MOU. In the town of Guilford, popuiatton 21,000, more than 500 recrearional permits are sold

“annually. Proceeds from permit sales go directly to the commission’s account, which allows the commission to operate its

programs independently from the rown budget Rtvenues aré used to purchase seed and marure shellstock, for transplant-

_ ing programs, internships, pnntlng costs for s;gns maps, brochures and pe:mlts, pubhc educauonal forums and salanes :
for wardens and clerks. : ' T

- Recreational fisheries include oysters (Crzzssom'ea wrgmmz) stéamers (Mya aremrm) mussels (Mytilus edulis), hard

T clams (Mercmamz mm:emna} and in somc eastern Connectu:ut areas, bay scallops (Ar;gvpettm irradians irradians). Habi-

rat restoration and enhancement pro]ects continug to expand to meet the growmg populanty of thc rccrcattonal ﬁshery
Commer_cial __Fisheries

At regular monthly meetmgs, conmlssmners are faced with a-variety of tasks that affect commeraal ﬁshenes They :

" might review co-management agreements, review leases and c0n51der new apphcatlons presented by fishermen. Lease’
applications are advertised by legal notice in the local paper and acted upon in accordance with the management plan.

 Sizes of leased grounds vary from S to 100 acres. Payment for leases is usually in the form of cash however, a “share” of the -

shellfish harvested may be taken in liet of cash. Transplant or “put and take” programs are ofter. negoriated through a

-bartering system, When avallable, shellfish resources are taken from restricted town watets for transplancing. Commiercial

- harvesters agree to help in the procéss in return for a share of the shellfish harvested and: transplanted Bids are usually 60/

. '4(} Wlth the harvester retaining the larger pomcm In other cases, when town-owned Iesources are not available, the o

| comm ission contracts to. buy the necessary amount of shellfish to meet the recreatlonai demand
' Competition for Jocally-controlled shelifish ground has grown due 16 improved water qua.hty The dernand for
shellfisk combined with the decline in the finfishery has caused a number of fishermen to retool and convert to shellﬁshmg
As a consequience, the mcrcase in harvesters has placed a greater demand on the local volun teer commlssmns and the state’s
aquaculture bureau. ' : '

"To maintain local control of shellfish resources éach town muse be vigilant in its responsibilities or relinguish control

" te the state. A loss of home ruie would likely close the fishery due to state budgetary constraints and lack of staff to fulfill .

the laborious rasks that were performed by local volunteers, The present successes of local commissions is due also to the
close working relat:onships and coopesation among state and local agencies, as well as recreatlonal cnthustasrs and com- '
: merc:al shcllﬁsh inerests. : S
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" Larry Kits, Malasping University Calkge, Nanaima, B, C anmzd'a -
Ky ny.m meed Lady:m:rb B C, anaa’a o

. The rzun«down systent for rearing ncwly—sct smglc oysters was' dcvclopcd by Scasaltcr Sheilﬁsh (Whltcstablc) Lim- .
ited, Great Britain. and was introduced to us by Dahimag’s Shellfish Co., Shelton, Wash, The system takes the unusual”

approach of keep:ng ]uvcmle seed oysters in suspens:on through an airliftin a plasnc cylinder. The benefits comparcd wan . .

. upwellmg Systcm include: (1} algal food is-more efficiently used; (2) water ﬂow requlrements are lower, (3) less mainte: o
- ‘mance is required; and @ survival and growth rates are higher, . : S
] We conducted an applied research project ro ascermain that the rain- ~down system does lmprove the survwal rae .
- compared 1o traditional upwelling systems. Specifically, our ObjBCthG was'to underrake 2 comparative statistical assessment
of: surwva.l Tates among three densities of - stocking in' the rain-down system (Treatmenr 1=05 mllllon larvae set, Treat-

“ment 2 =1 million larvae, and Treatrrent 3 = 1.5 million larvae) of the rain-down system.and one di:nszry in our current, - -

" commercial upwelling system (Treatmenc 4 = 1 million larvae ser). - : : :
" "An analysis of variance performcd on the data of four replications (four dlffcrcnt sel:s) of the above four treatments

_ ‘showed thar dlffercnccs in mean resulis among the treatments means are statistically significantly (P << 0.01): Tukey's S |

. multiple comparison test at the one percent level of mgmﬁcancc shows a dlffcrcncc berween means from each panr of
- trearments except.for Treatment 3 and Trcatrncnt 4, _ : ‘ :
The results indicate that the rain-down system does i 1rnprovc survwal ratcs cornpared w0 tradltlonal upwellmg rates
‘.and that stockmg densities affect survival rates in the rain down system. . .
. The Science Council of British Columbia provided financial assistance and stuclems at Malasta Umvcrsu'y Col-
lege assxsted with sampling and collecting of dara for the experiment. - - o
The followmg tables summanzc study survwai data (mcan pcrccnt) and an analys;s of da:a vanance

~ANALYSIS OF VARANGE — g
T ——
— _AwovA
Source of - Variatlon- & |sy Ms - | F [ Pvalue | F ent
ISET 5236.495 8| 1746.165] 2307065 |7.15E-40] 2.718785
THEATMENTS . 1830 857] -3l 443 519] 60.69873]1.34E-20] 2.718745
E INTERACTION 1084.283] 91 120,4758| 16.53858 5._40E'-15 1.829116
| ERROR. 582.7628| 80l 7.284835]" S S
[ToTAC 1 5236.3978] 55
~ MEAN PERCENT SURVIVAL _
_ _TREATT. | TREATZ | TREATS | TREAT4
SET1 | 17.205433] 14.796630] 5.4484167] 14.041617
SET2 | 8.7470833] 7.9307667] _4.90485| _ 4.8312|
SET3 | 30.638667] 25.1357] 27.6475] 74163403
[SET 4 29 5838/ 1562605 12.237617] __7.57578| . .
TREATMENT |31, 54325 .1‘5.87@9 12.58087] 12.658]
. |AVERAGE SRS I -

30
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| Skip. Kmp, North Caroling Sea Grant Pragmm - . )
Atlantic Beach, Norsh C'aro!:mz : S o -

The a:rn of this pro]ect was 10 scale-up rcscarch and develo pmcnt of thc chub oyster grow-out system and 1o dctcr—-

" mine its economic feasxblhty The project was a partnership between the Sea Grant - program and industry oyster growers.

- The chub systemn is probably more appropriate for large scale operations than for growers producing small quanti-

. ties, Slow oyster growth and high ‘morualities encountered during thé course of the project were unexpected based on -
- -tesults from previous testing and contributed to poor harvest results. Of the 200,000. ayster seed distributed 1o partners, 50 -
bushels were reported harvested. Reported sclling prices ranged from $26 to $45 per-bushel..A stgmﬁcant development.

“from-the-projéct was the observed supérior performance of triploid versus diploid oysters. The chub systemn will: undoubt- ;

"'.cdly continue to be refisied and altered.in the search for approprlatc N.C. oyster culture mcthods

. Other accomplishments are as follows: . . :
1. Fundmg of several North Carolina Flshcry Resource grant proposals to develop off bottom oyster growmg
" systems were based o this work.
2. The Blie Ribbon Adwsory Councﬂ on Oystcrs developed recommendanons using rhe results of this pro;ecr
. 3. Several community college and high school educational progtams in Norrh Caralina havz mcorporated into
* the curru:uium chub technology asan oyster-growmg method : '

: Pmcedures

e . Parut::lpa.ms

= '-seed-" _

‘Industry partners paid a regmranon fee of $200 1o pammpatc in thc project. A memomndum of agreerncnt was
signed by the partners and Sea Grant derailing the respons:b;lmcs of boch partiés in the project. Sea Gra.nt was responsible -
for prov;dmg oyster seed in chubs and technical advisory assistance; partners were responsible for prowdmg labor and
rcpomng results. The project manager helped all partners with applicasions to the N:C. Division of Marine Fisheries
(DMF) for the requlred water.column research and demonstration amendments to the leases and endorsed thie projécts as
" an educational sponsor. Each proposal described work to be attempted and included drawings of the site. Applications
wcnt through the public hearing process and all wete approved by DMF. Renewals were applied for separately after two
ycars from date-of first issuance by individuals who.chose to continue their rcscarch with oyster culture.

Kevin Wissel, a graduate student at Duike University Manne Laboratory’s new Coastal Environmental Managcmcnc .
curriculum, used oyster chub grow-our research as the basis for a master’s projeci. He de51gned several experimenis to be
condugcred Slmultaneously with the project and contributed labor. All data collections and analyses dl.mng the first yedr -
and one-half of the projeécrwere conducted by Mr. Wissel. After his d.epartune from the project, the partners contin ued o
provide information on the system’s commercial feasibiliry. : : : -

- Student volunteers alse participated in the assembly of chub links, Smdents in the Env1ronmental Btology class of
~ Carterer Community College (Morehead Ciy) received tab credic for rime spent workmg on the project. Studens in the
new Oyster Mariculeure curriculum of Dixon High School (Sncads Ferry), a collaborarive program- with Coastal Carolina
jCommumry College (jacksormﬂc), worked on the project as a class actmty Also, oysters and chubs were doraced from
the project to both institutions for their confinued studies. : o - _

One’ partner, Jim Swartzcnbcrg used preliminary results of tl’llS pr0]cct as the foundanon for a Marme Flshery
Resources grant proposa] 1o continue dcvciopmg the chub system as a commercial oyster culture method. That study is en--
~ going; however, preliminary results aze promising. The 1996 hurricanes delayed the project’s examinarion of the commer-
- cial economic feasibility of the chub system. Resules will be reported separately by Mr. Swartzenberg,. Those results will
' more accurately reflect the true economic fcaslbillry of thc chub method because of thc Eargcr scalc of opcratlon

Oys:er seeds were purchascd in latc Pcbruary and carly March 1994 from Harbor Branch Oceanographic Insntu—
“tion, Ft. Pierce, Fla. Two shipments'of 2 to 4 mm oyster seed (total 400,000 seed) were. received. The seed was put into on-
 shore raceway nurseries at the Sed Grant mariculture demonstration facility for growing to a larger planring size.

* High mortality and slow growth of oyster seed occurred in the raceway nurseries. An upweller nursery was subse-
- quently built and used for the remainder of the project. Subscqucnt telephone conversations with persons ‘associated with
- Harbor Branch mdlcatcd that the seed may havc bccn the slower growcrs ofa group '



One hundred thousand 3t 4 mm tnplmd oystcr seed were purchascd frc:m Harbor Branch in August 1994,
Because of the diploid mortahty experienced in the nursery; 2nd the‘expectation of running short of seed to supply project
'partners, additional oyster seed were purchased to make up for the expected shortfall. Seventy-two théusand 7 to 15'mm

* oyster seed were purchased from-Carolina Cultured Shellfish; Harkers Istand; N:C. in September 1995 (seed from Mary-- S

land stocks). Seed were transferred to the project nursery, Some parthers boughr additional seed on theu— own © srock
_-'-more chubs or expenmental grow-out cages of their own design. B o
. Larger seeds were transferred from the on-shore nursery to floating chubs and cagcs for holdmg Grow—out chubs o
_weré srocked whcn cnough secd were avadablc 0 ]usnFy a pro;ect workday .

Chubs | : :
_ . The primary ch ub mesh used for the pro;ect was sciccrcd based on Favorable rcsults from’ prevaous tests. A bulk orrder
was placed with Norplex Inc., Kent, Wash., the sole supplier of the selected mesh. Dimensions of the material we received

. wére slightly dichrcnt fromi the material- prevmusly tested. In addidion, the product quality was inconisistént,’ causing -

greater waste than necessary. When contacred dbout this, the company cxplained that the mesh was nor a standard product
»ahd required a special cutting; also the cuiting die required constant adjusting during the meshs manufacrure. This caused .

* the variation from material prcwously used znd the problems with quality controb. Other chub matérials were purchased .

+ from ADPI Co., Interner Inc., and Nalle Plastics Co: for comparison purposes and for addltlona} experitnents. -
A major development of the chub system ‘was changing from a ladder conﬁguratlon to 4 link configuration. Com-
‘ parmg costs of materials dnd expected assembly times for the two configuratiors on paper showed a significant savings by
using links. A few workstauon was built to allow dual assémbly lme ¢onstruction ofchub lmks Lmks were alsp approved -
by the project partners as a berrer method. ' . -
_ "The length of individual chubs was. modlﬁed from’ chc orlglna.l design. Longer chubs develo ped probléms withi seed g
. oyster washmg into one end and requiring: periodic leveling of the oysters. Chubs were shortcncd so thar oysters would . -

- collect undcmeath floats rather than wash into the ends of chubs:

. Pro;cct workdays were used to complete chub- assembly. Notices were sent to project partners announcmg upcommg
_ warkdays Participarits sieved oyster seed by size group and constructed. cchub links. Chub link construction consisted of
" measuring and cutting stabilizer ropes, floats and mesh, _measuring and stocking oyster seed, and clipping chubs to  Topes.

 Assembled chub links were kept at the Sea Grant Research Sanctuary in Bogue Sound. tntil d1smbuccd to partners
-sites. Chublinks were identified by treatment type for testing, - :
Anchored longlznes and marker floats were installed by the project manager at each of the 10 parcners’ sites. Lmks

were d:smbutcd equitably ro project partners with each receiving 20,000 oyster seed in chubs. Chub lmks wete dehvered 7

berween August and November 1994. This was a much later stocking date than. anttmpated
Mr. Kcvm Wlsse[ conductcd follow-up samplmg for test data in tid- September and early Decernber 1994

| Kcvm Wnssel designed several tests to occur s;mulmncously with the oyster chub laddcr pm;ect Ir was anuapatcd' L B

. that-these tests could be accomplished without compromising the economic nature of the project. Followmg are the tests. - -

- included in che mastcrs ptoject. Detailed results of tests are found in Mr. \Yﬁsscl s thesis (1995. Wssscl K. “Oystcr Marl- '
culture in North Carolina.” Master’s thCSLS Dukc Umvcrswy Marine Laboratory, Beaufort, NC) :
' -~ Site L 12 sites
Densu’y '3 dehsities (hlgh mcdlum, low}
* Mesh size ~ 3 mesh sizes
- Mesh type ~ 3 mesh types -
 Saliniry — high and low salinity sites o
- Contiol ~ chubs without floars placed-on bottom )
© Seed size — large and medium seed sizes '
 Wave energy of site - high and low energy sites - -
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A bnef descnpnon of test results Follows Detailed analyses may be found in the masrers thCSLS .
“Tests showing no s:gmﬁca.nt differences: '
(1) Large seed— low versus medium density
(2} Medium seed- low versus medium densicy - -
_(3) Medium seéd~ médium versus high density
(4) Mesh diameter—no cffect at the éensmcs tested .

Tcsts showing sngmﬁcant d:.ffeunccs
(1} Medium' seed- floating versus bottom culture
" Floating seed grew faster,
.(2} Medium seed- low versus high salinity area
. Seed in two low-satinity sires grew faster than seed in two hlgh-sahmry sites,
“(3) Medlum seed at Tow salinity— medium versus high densuy
_ Mcdmm—dens:ty seed grew faster chan high-densicy seed at one low-sa.hmry su:c.
(4) ngh wave-energy site versus low wavé-energy sites _
_ Opysters grew faster: at two htgh-cncrgy sites than at l:hrcc low—encrgy sites.
(5) Site salinity differences :
Fouling was more severe at high-sahmty sites than at low-sahmry sites.
Survwal was greater at low-sahm[y sites. : :

| ._ stﬂm
Seed

Oystcr sccd suf’fcred high rnortahty and slow growth in the dcmonstrauon raccway nurscry Mortalu:y was caused by
_thesilt accumnulation over small seed in raceways. The silt and crowded condltlons caused slow growth of the seed Con-.

- struction of an upweller nursery solved thé problem.

Oyster seed continued to grow more slowly than expcctcd The volumcs of weater pumped in the upweller were
insufficient for maximum seed growth for the numbers grown. Poor seed quality was also suspected as an additional cause
* of the slow'growrh. Subsequent relephone conversations with Harbor Branch associartes md:cated that the seed shipped to
_us were probably leftover from several cullmgs and may have been slow growers. These same conditlons werc suspcctcd for
- the triploid sced and the Maryland seed. : '

The large numbcr of sites made it difficule to stock and plant seeds evenly ar all sites as they rcachcd propcr size. A.'

project objective was to distribute sccd cquitably to all partners. In addition, tests rcquued simultaneous delivery for
validity. The result was that oyster seed were held in high densities far longer than they should have been. This situation -
- also concribured & to slower growth. The net result of the combination high initial morualicy and slow growth was that chubs -
were placed on partners sites much later than desired and the stocked oyster seeds were smallet than dcslrcd

'__.Chubs | : :
Problems with mesh quality conrml were Sllght Scct{ons of thc wbular mesh whcrc the die had ma.lfunct:oncd were
 discarded. The diameter of the mcsh was sl1ghtl}r less than cxpcctcd To compcnsatc chubs were madc shortcr w:th smaller

" floatse : : . _
- In'the interest. of contmumg the search for bcst matenals, sevcra.l new mcsh and ﬂomuon types were teSted Matcnal_ '

- from ADPI {product #OSN-1) has proven to be the most dirable of thic lightweight meshes tested. It has.a bar mesh size

- of9/16-inch thac stretches to 1 1/8-inch mesh. This requlres p:mcularly large seed. oystcrs thar will lay ﬂar in the chub and

not become cnmcshcd in the chub- matcnai

‘The conversion from: chub ladders 10 chub lmks was a brcakthrough in construction cfﬁcwncy A.ll parmers ap-
- proved of the new configuration. The chub link asscmbly method is a snmplc prooedurc Praject partncrs and volunteer '
studcnts could master the-techniques after a few minutes of instruction. -

“Three people using two workstations could assemble a chub link wu:h 1000 oystcrs every 5 minutes. One person

| _ stockcdoystcr seed and flotation inte chubs. Two others mcasurcd mesh and chpped chubs to the stabilizer ropes. A fourth

. person movcd chubs and supplzed components to the asscmbiy line crew. Chub laddér assembly requites more labor and.
~ i rlor as fist as lmks A[so, longhne ﬁelds for holdmg links were ]ess costly than longlines requlred for laddcrs



: _"Grow-out C - S - :

To reicerare, the’ purpose of thts pro;ect was £ move the oyster chub systern toward commcrclal scale and attempt W'

" “evaluae the economic feasibility of the system. Biological measurements were taken in September and December 1994 by
 Kevin Wissel for use in his master’s' thesis. -Further sampling by the project partners was scattered and not consistent.

‘Repeated follow-up calhng was unsuccessful'in obtaining additional daca except from a limited number of partners. A' _

. printed survey was also mailed to parcners o obrain addirional data bur again énlya llmtted number responded

-~ Fromthose telephone calls and miail surveys it is escimated that 50 bushels of oysters were harvested forrn the orlgma]

: seedmg Of the oysters reported sold, a prlce range of $26 o $45 per bushel was: lndlcated ' : .

Dlscussnon
Seed S : e :
Results of thrs project 1nd1cate that the quahty of the seed isa crlttcal facror in successfully growing oysters Seed
quahry is certamly a'major factor in other traditional farm crops. Poor seed quality caused a major delay in stocking grow-
ouit chubs for this project. This will likely delay expected harvest dates by as much as one year. And it probably contributed -
to the high-mortality rates experienced. The problcrn is espectally notable because l:he same supplter prowded the seed that
grew and survived wéll in previous tests.

“To address the problem of seed quallry itis :mporranr to know what factors C‘DITSI:II.‘UIC good quahry Some desrred
* rraits of agrlcultural seed are: fast growth, high yield, disease resistance, environmencal tolerance, nutritional.content and -
marketability. Oysters should be bred for these same qualities. Buc is it possible to tell whether a partrcular barch of oyster -
seed is good qualn:y'> What tests ean be do ¢ to determine seed qualrty’ And what s the carhesr point in the life of an oyster .
tha these traits can be determined? C -

Some harcheries claim to rcn.ttmel;,r discard slower growing larvae and oniy grow or sell the better performmg seed.”

o  Many hatcheries have unreliable performance and keep as much of the larvae as. they can. This way. chey are assured. of

having more seed to selt without regard to its quality or subsequent performance, By improving the success of hatchery
techniques, the latter group coulcl spawn more times, cull slow growers and stlll end up w1th destred numbers of htgher _
'qualltyseed - : . : S
Tnplon:[ oysters seeméd to be chie preferred seed by oyster growers who contmued. thc  projecr on. thelr awn. Although
RO formal data was collected regarding the differences berween triploids and diploids, the growers noted several advantages '
- . of wriploids. Triploids seem to grow with more uniformity of size than diploids and the shape of triploid shells appears to. -~
be more rounded. The wiploids appear to be fatter and of more rnarketable qua.ln:y throughout thé year tha.n cliplo1ds
including in-season and ofic-of-season harvests. The triploids appear to survive better than diploids.
: Seed costs are by far the largest costin producing oysters, especially considering thar large oyster seed are needeci to
- stock: chubs Future work should look at ways to reduce seed costs. Seed collected from wild sectlernent is used in some |
oyster growing areas buf we need to develop effective ways to, collect wild seed so that it can then be cultured in ofF-bottom .
systems: On-shore purnpecl-warer rrurseries can be efficient ways to grow clastt seed to larger sizes for plantmg, but we sull
‘need to perfect cost effectwe ways to culture oyster seed to the larger sizes’ requlred of the chub system. . S

Chnbs . : - : ' : Lo
" The new, link eonﬁguranon has replaced lac[clers as an assembly merhod Operatmg proccdures have been esrab'
Tished for assembly lines. Mesh selection has been narrowed to a few acceprable types. Proper stocking densrttes, times and
' seed sizes are still being developed The best type and quantity of floration also rémains in question. R
: - Fouling remains a major problem with off-bottom oyster culture. A drying routine was used to control foulmg in rhc

development study. Several prozotype drymg devices have been builz. None have been adopeed by growers and no drying "
device has been used by partners to control fouling in this project. A snmple cost-el'fectlve device needsto'be developed for
drying chubs. When oysters are grown in mesh bags on racks, fouling is effecuvely controlled in areas where there is 2 high
" tidal amplitude thar allows regular drymg of the 'mesh. In subridal cultivation, drying the mesh is not possible and me- -

- -chanical solutlons must be developed. Poulmg sevemy is highly dependent on growing area. The h1gher—sahn1ry growmg o

areas gcnerally were plagued with more severe foullng problems than lower—sa.lmtty areas.

B



 Costs of the System

Cuypatern Foruming

The chub system has not yer proven to be an economlcaliy feaslble method for growing oysters in North Carolma
However, these. experiences have stimulared a renewed interest in oyster culrivation in the state. The link configuration

mgmﬁcantly lowers the system costs over those of the ladder cnnﬁguratlon ‘Continued fcﬂstblhty by othcr pro;ects are .
ongomg Figure 1 shows a descnpuon of the costs of the chub system as used in this prolcct '

Fzgure 1 Cam oftbe Chub Link Oyner Culture System _ S
Materials - Amount - Size -

Oyster Seed 100,000_ . 25-35'mm_
ChubMesh 6,000 f - 9/16inch
“Floas- - .~ 4000 . 2"x2"x12"
Rope .. ~ 6000fc = 1/inch
Clips .~ 6000 7
Longline ~ 400fc - -1/2inch -. .
" Anchors, buoys ' .

E " Miscellanegus,

 Total

Price ._ _
- $35/1,000
$0.09/f

$0.12 ea

$0.02ft
$0.02/ea -
50.50.

" Special thanks and dcbww:’edgm;f:r to Kevin Wissel for assistance with this _pr.'bj.:c: R

$3,500 -

540
480
120
120
200
200

- 400
$5,560
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.&wuae 4amp&ng and oettmg empe'cmweo uutfi pmﬁ[opmg caﬂ&tp

Raymond RaLonde Sr/mor’ ofF::/’?mcs and Occan SciencesiSea Grant Pragmm, EJ':I':::fer.rst;J afAﬁtzJ&a, An:bamge, Alaska

Alaska has 56 permitted aquanc Farrns using 219 acres of r;dcland.s for shcllf' sh culture Singe passage of the 1989 -
Aquatic Farm Act the industry has grown from a single farmer to its currencdevelopment with over $5 million of inven-

tory now under cultlvauon (Figure .1}, Currently, Alaskan aquatic farmers can purchase ‘only Pagific oyster seed from .- °

- shellfish hatcheries in Washingron. Major problems now facing the Alaska shellfish cul tuge 1n<:lustry are access to rehablc,
: hlgh qualltv oyster sccd and diversifi catlon of productlon . '

3,Nu;nbe__mffams 0 800
 Production o

Y

Numbers

Z.

1989 - 1990 1991 1992 " 1893 1994 1995
: : _ Year of production - C
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Figure 1. Grawtb af oj:m' ﬁrrmmg in Aia:éa based on ﬁmmr permiits and praa’uman

_ Culturc of shc!lﬂsh species other thin Pac1ﬁc oysrcrs is not feaslblc because the state proh:blts lmportmg spcc1c3' -'
other chan oysters, and the srate lacks 4 shellfish hatchery to produce the seed. Along with shellfish seed production, .

research and dcvclopmcnt is-necessary to produce an in-state oyster broodstock-and technology to culture other species for

producnon on Alaska aquatic farms. As a partial solution 1o these problems, $3.2 million was appropriated from Exxon
Valdez lmgatlon funds to construct a Mariculture Technical Center and shellﬁsh hatchery in Scward Consrructlon is now -
undeway and che facility is expecred to be completed in April 1997. : : - '

. Of the alternate species being proposed for development, scallop is a prefcrrcd opuon Eor aquatrc farmers Inmal
B invcsngauon into scallop culture in Alaska began in the mid-1980s from a State of Alaska/fapan coopérative program to ~

. attempt capture of weathervanic scallop (Pasingpectin marmw) spat From the wild by application of a technique success-

- fully used in Japan for collection of Japanese scallop spat (Pazinapetin yessoensis). With. help from the Overseas Fisheries
Coopé:ation Foundation of Japan, the Alaska Department of Fish and-Game conducted a project around Kodiak Island
starting in March 1987. Complercd in 1989, the project was not successful in collecting weathewane scallop spat, but

' captured primarily spat of rhe smaller spcctes of pmk (sz&zmyx mém’a} and spmy (C/Jlamyr }mmm) sca.llop spat (OFCF .
1989). :

. Asaresultof farlurcs, the project was cxpandc.d to southcasrcrn A]aska in the summer of 1987 with dlstrlbuuon of

spar collection equipment to Yakutat, Sitka, and Ketchikan. This report summarizes the results of scallop spat collection -

and growout in Sitka Sound from 1987-1989. Wich litle manpower dnd funding, the studies were conducted as separate,

" but related, projects over a three-year penod Actwmes include collecrron of spar, analysrs of plankton to estimate scallop '

_ larvac setting, and spar growout studies (Table l) B

Ebie 1. Schedule af amvrm.f qf the Sitka Sound Seallop Study ’
. ~ 1987 - 'Prehmmary scallop collector study
. 1987 - Beginning of the growth study
..1988 " - Targeted scallop collector study .
1989,  Larva sampling study - _
1989 Completionof scallop growth study



h _Pnelumnary sallop collecuon, collector a.ssembly -
_ The spat collection equipment, called a ren, consists of nine collecnon bags attached vemcal}y toa rope anchored to.
the bottom of the sound with sand bags and suspended via a submerged buoy Figure 2). ,
~ The collector bags dre nylon.80.cmx 40 cm with 3 mm mesh size and attached at approxlmately l-meter mtervals
_ along the line. The bags are flled with plastic netting to give loft to the bag, creatipga- plilow effe::t Durmg this study we'_
use monoﬁlamcnt nglnet material and thron, a stiffer polyethylene nettlng

B 'Bué;y_(subsm:fgc;} —
| -'Cell_ectéfb.ag.' g R

Figure 2. Reri collector assembly,

Spat collection during 1987
" " » Initial sites for the srudy beds in the area .
- ¢ Ease of access S
Po. Sahmry over 28 ppt : :
. Collectors were assembled into rens havmg six collecrars each, and placed adjaccnt to the purple hinge rock sca!lc: P
- bcds m ‘the southern Sitka Sound area at Deep Inleg, I_eecoffskala Bay, and Nothowughf'are Bay (Flgure 3) The coilecrors L
- were placcd in each locanon at three dlffercnt times: ]une 30 July 12, and July 31 1987 o

. Piraue  Leesoffsksia
- Cove

Figure 3. Sites slected for ,;MP ;n;dsa in Sitha Saird 196786,

The first séries of three rens were retrle'ved in November 1987 Arocal of 411 scallops were collecred predommately' L
" . spiny and pink scallop. Avcrage. size of the scallop spat was 4.3 mm, $=.88.(n-30). Survwal from the inicial retrievals was

B very low, and we did not tetrieve the: remainirig renis undl May 16, 1988, At that time only WO rens were local;ed at’

Leesoffskaia and Nothoroughfare Bay. Approximately 1,120 scallops were. recovered. The avcrage size ‘was 31gn1ﬁcantly -

larger than spat collected in rhe fall at 7.7 mm, $=1:8 (n=30). Survival of rhcsc 1arger spat was very good, nearing 95%+.
Spa: were outplanted © determme growth potenual Inmally, 50 spat were placcd in. clcan coilector bags. wlth a smgle bag



~ Sefected Species

- placed in €ach chamber of alantern net. Threc lasitern nets were prepared in this manner and anchored in Aleutkena Bay.

Conunuauon of spat collection in 1988 x :
* In 1988 several modifications of the study were tmplemented as more collection gear became available. Two addt- :
" tional sices were added ar Pirare Cove and Protected Cove. Norhoroughfare Bay was dropped as a sample location, and in
order to better estimare scallop spar set timing, dcplctymcnt of the rens was initiated eatlier on May 2. A total of 17 rens _
- . were deployed as follows: two at Pirate Cove, six ac Deep Inlet/Samsing Cove, six‘at LeesoffskatafAleudcena, afld three av -
- * Protected Cove. The rens were recrieved on February 15, 1989, and April 12, 1989.
" Again, spiny and pink scallop were the predominant species collectcd (Table 2, Survwal was not mgmﬁcandy dtffer— '
"ent than the February 15 and Aptll 12 retneval datcs : oo

-

Table 2 Sml[op: rol[ecc:d in !}k Sitha Sound Scailop Pra_y:c.' durmg the summer af 1988 .

: Speclas
Location ~ Pink ' _"ISpiny . Purple Hinge Total
_Pirate Cove .. 48 22 - 27 297
. DeepInler - 169 - 119 68 L1356
Leesoffslaia - 67 . 508 ' .16 - 59
Protected Cove 191 1130 - - - . 82 . 1403 -

"--TomSCALLop' S 3847

Average size of the spat was lI 75 mm. Fouhng was trouhlesomc, patttcularly from early deployment {Figure 4)
Mld-sumrner deployment of rens captured s:gmﬁcanrly more spat than those deployed in thc springand early SUImmeEr.
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F::gw: 4 Rcmifs ﬁagtz xaf}dp mﬂrcmr:_,-ﬁ'aml Sitka Sound, A&z.fkd, I 988. -

B From the spar collecnon rcsults, it appcared that the best spat collecnom and reduced mterference frorn foulmg_
_' occuitied when tens were deployed in mtd—summer : .

" An additional part of this 1988 study was to determine 1f depth of collection was Slgn}ﬁcant in capturing scallop
spat. To determine the effect of depth, the water depth the bag was measured by scuba diving and using & depth gauge: The
numberof scallop spat from each bag were- <counted. Results mdtcate that the best depth foi‘ coUcctan was betwccn G010
meters (Flgurc 5) (Coulthorpe 1988)

a
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EE:;gure'S. D'ep:'fa m.ngr..f ﬁr scallop collection.

| Contmuauon of the stucly, 1989 : : :
In 1989 'the project was expanded to include collection anid analy31s of bwa.lve larvae samples to :mempc pn:dlct:on )

of setting time’ ‘and enable more precise deployment of collectors. Beginning Jurie 16, 30-meter vertical tow plankvon - -

 samples were collected using a 50 mm size plankron ner. Monitoring plankton dlﬂ"crcd foreach study site based on access.
~ Severely siormy weather during the summer of 1989 did nor allow us to access the sites néarest the open ‘ocean, thus'.:.
~ limited plankmn data was obuained from Pirate Cove and Samsing Cove, SRR
Subsamples were taken using 1 ml volume chscn-Stcmpcl pipets. General zooplankton composmon was rccorded‘: .

by counting individual organisms. This was done 10 assess the prospects for inverrebrates such ascrab and starfish sectling
in the collector-bags, causing loss of spat from predation. Bivalve larva were ‘separated fram the-sample, placed in'a -

" - counting chamber, and examined with a mictoscope cqulpped with a video camera unit chat projected an image ¢ of the
- sample on 2 television monitor. The larva were icentified by type:- -mussel, clam, anid scallop The televxslcn monitor was. -

calibrared with a-stage mrcrometer s0 larva length could be measurcd Thcse lengr.hs were then cnmrertcd to actual mea-" .
.Surement in microns. _ - : - : -

- Knowing thar scallop larva set when they are approxlmatcly 250 mm, the rens WETE 0 be dcployed when thc larva _
- teached approximately 220 mm in length. .‘Lcngth frequency data was collecred from cwo areas in an attempt to dctcrmme
set timing and che relative numbers, of bivalve larva that were above or below 220 mm. Dmtinctly different patterns -

.. occurred berween the two sites. At Protected Cove, the initial number o{"larva above 220 mm was quite l'ugh on ]unc 16, -

but dropped by greater than 80%. by ]uiy - (F;gure 6).

R T e o

Fzgureﬁ Zerzg_rh ﬁeé_;tency éfmdla;b larw_ébovg and below 220 vwm at Protected Cove, Sivka Sound, Alaska, - :

a2
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At Lcﬁoﬂ:skam no such drop in Iargcr scallop larva occurred An abundance of larger size scallop larva were ewdent

durmg rhc cntire samplmg period (Flgure 7). )
¢

W Under 220 microns |
- Over 220 rmcrons

8Jul

' _. Figure 7. Lengh ﬁequcy af scatlop larva chove and belswo 220 mm a, Ltesoﬁ.éaia; Sitke Sound. Alaska.

. On the firse date of plankton sampling, June 16, an ob.undance of 'larger size (grearer than 220 ‘mm) scallop larva
were captured At that point we decided to deploy ail collectors ar all sites rmrnedrately Wichin-5 days all the collecrors
were dcployed Unfortunatcly, the results of the 1989 spar collection were not quannf ed. The collecrors were recovered ™

* and empirical estimares of the resulrs were noted by rhemvcsngators There did appear to be a pattern of suzcess. In order .~

* of most-to least-successful collectors, the most-obvious observation was the massive spat captures that occurred at- the

Leesoffskaia site with more thari- 500 spat retrieved per bag, Protected Cove had far fewer spat than Leesoffskaia even.

_ though the sites are in close proximiry (approx:matcly2 km aparr) Moderate numbers of spat (fess than 300 per bag) were
. collected at the Pirate Cove and Sammising Cove sites. : :

Ar apparent correlation may exist between the Leesoffskata site and the large number of spar collected in \ the area. o
__Leesoffskala was the only site where large sca.llop larva (greater than 220 mm) persmted AH thc other sites had decreasmg o
. numbezs of largcr scallo P larva stamng at July 1. :

Recults of growout study : S

* For growour, approximately 50 spat were placed in clean collector bags and each bag mserted into & chamber of a

lantern net. The spat were grown out to approxlmately 25 mm then removed from the collector. bags and placed. directly

" into lantern net chambers ata densu}' of 50 sca.llop per chamber The lantérn nets were anchored ar Lccsoffskala and grown

from. October 1987 io March 1989, Measirements of shell hieight (from the hinge to the opposire shell margm) were |
.measured approxzmately every six monchs. Water remperacure during the growout period were consrderably cooler than
occurred in more sourhem lazicudes (ngure 8) :

Tempavutors 'C ) )

' Eguﬂ 8..5:4:7‘:_':& water temperature of southern Sitha sound dm‘ng :cz.zﬂa_p. grawrb ..rmd_-y, May I987—S¢rrmb:r._ 1989, _
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- Blbllography

- Thescallop grew very well, and were significantly larger than that reported from wild populations (Figure 10). Asan
~ example (Bourrie and Harbo 1987) reported that a fivesyear-old spiny scallop rcaches -approximately- 75 mm in shell
lengeh. After 18 monthis of lantern net culture; 2 humber of spiny scallop reached that size, a.lthough the average stze was '
.60 mm. Pink scallop grew more slowly, while pucple hinge rock scallop grew fastest:” :
' The growth of pink and spiny scallop also appeared to level off by the end of their second year, while rock scallop, ’
growth rates continued. Orie interesting Feature of rock scallop growth is the difference ift shell mass and mor[:fhology from -

that of wild-grown scallop. Ina lantern net cnlture operation, the shell is far less mass:ve, and takcs on thc rlbbed appear-
- ance assocmcd wn:h scallops and lost in w1ld scailops :

zg:- pem——
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604 __—ﬁ—Rock sca]k)p

" Sheltheight in mm
o
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Figure ) Growth of :rai{.ap. at Lecsoffikaia fn ':éu:fy_mz. Sitka Sound, Alaska, -

- 'Conclusio_ns o

We were unsucccssful capturmg w11d spat of the weatherv:me scallop A small number of purplc hmgc rock scallop .

spat were capriired, but not endugh to make the process economical. The predominant species caprured were spiny scallop,
" and wecould i increase the;caprure of this species by estimating the time of spat set and subsequent appropriage dcploymcnt

of the ‘collection rens. Attention to scaliop latva size in the plankton monitoring {geeater than 220 mm) may increase the -

“chances of successful .caprure of spiny scallop Poulmg can be minimized with proper timing of collecror deploymcnt
Dcploymcnt of the coliection bags in a longline system at a depth of 6 to' 10 meters will increase spat collection. _
. Growth of the scallop was definitely improved above that of wild populations,’ but with pink-and spiny scallopé,
* growth decreases. significantly ar about 60 nm in'shell height, the average size we achiéved at'the end of two years of
growout Purple hinge fock scallop can achieve 80 mm in shell helght at the'end of two years of cultwauon and growth- N
~ continucs to increase aﬁ:cr the two ycar growout perlod : : '

Bourn.e, N., a.nd R:M. Harbo 1987 Slzc inmu; for pmk and spmy scallops n Harbo, R.M and G S. Jamufson (Eds) 1987
L * Status of inveriebrate fisheries off the Pacific coast of Canada (1985!86) Canadlan Techmcal Report of Fishenes
a.nd Aquatic Sciences. Number. 1576 Pagcs 113-122. -
Coulthourpe, W. 1989, Identification and enumeration of mvertebrates sampied from spat collectors in Sltka Sound
o Unpublished . Senior Thesis, Sheldon Jackson College Sitka, Alaska.
OFCE. 1989. Final report of the scallop mariculture feasibility study, Kodiak Island, Alaska 1987&1988 ”Reporr of l:he
: -Overseas Fishcry Coopcranon Foundauon and Alaska Dcpartmcnt of Flsh and Game.
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B sz:d G. Olin, Pb D, Umvemg: of Ca!:ﬁ)mm Sea Gran: Coopemﬂw Exrmmn Semm Rosa, sz!:ﬁrmm

" The red sea urchm, Smngy!acmrmm: ﬁﬂnmmnw, is one of the most valuable ﬁshery cxports in Cahforma Thls _
" fishery was developed 1o supply a scrong Japanese market for uni, the male and female gonads of the urchin whicl appear .
as five skeins of reproductive tissue inside the laceral margms of the shell. Uni. value is highly deépendent on ‘quality, and
ranges from $6/kg to $200/kg based primarily on color, size, texture and flavor. Worldwide, fi shery production has been
fairly steddy at 60,000 mt, but this harvest rate is not sustainablé and has been mamtamed by thc  sequential dcpletlon of
-new stacks 1o meer the strong demand for hlgh -value product. '
Six spectes of urchins are hacvested i in Japan, and throughout. the 1970s thc commercial catch ﬂuctuatcd around
-25,000 me. In the 1980s, harvests declined 1o around 20,000 mr, and then in'1991 dropped drastically to.around 14;000
me where it remiains roday {Hagen 1996). This decline created an enormous demand far hlgh qualicy uni, and urchm
stocks throughour the world were aggrcsswcly harvested o sausfy this market, '

" The California fishery experienced tremendous growth in the mid- to late-1980s, but by 1991 was' begmmng w0
exhibir classic signs of over-harvesting. California production declined from 30.5 million Ib. in 1988 to 6.7 million Ib. in
1993. The carch per unit effort declined from 800 to 300 Ib./hr between 1988 and 1995 Durmg the same pcnod there' :
was a decrease in the average size of urchins harvested; : '

' Whlle urchin resources continue to decline throughout the world dcmand remains high. The japanese annually'
. consume 7,000 tons of processed ani, of which 5,000 tons ate impotted, representing 40,000 to 45, 000 rons of live animal

. harvest. The French provide the second largest. marker for'uni and consume about 1,000 tons/year; With this great de-

mand for a declining resource, interest has risen in 1mprovmg ﬁshencs, aquaculture, and cnhancemenr of adule urchms 0

-~ improve gonad quality.

* Some of the factors conmbuung to the decline of the Japanese F shery are habirat loss, poor recruitment, and litited

" available natural foad. To'counter this; the ]apancse are developing artificial reefs, improving soft botrorm substrates, and -
“culsivacing ilgae in areas with suzrab]c urchin habirar thar lack adequare food resources. There are also hatchery piograms_ L

'desxgned to0-overcome poor recruitment through the release of juvenile seedstock. While chese programs should stabilize or

- improve the fishery, aquaculrure of urchins to tharket size is imlikely to succeed because of. the low net value of the animals

-on.a whole weight basis. As a result ofthis, conmderabic interest has developed in enhancmg uni qualiy in adulr urchigs

rhrough supplemental fecdlng with' kelp and formulated diers. In California, there are numerous urchins that occur in

barren areas with litcle available food and, as a result, have poorly developed gonads If the gonad qualicy of chese urchms o

could be ;mproved they would provide a substantial contribution to the fishery. '

The goal of supplémental feeding is to increase urchin value by improving gonad ylcld. color, texture and taste. This

“feed lot” concept can be conducted in land-based systems, floating ocean systems, or ocean-based bottom net pens. Each

" system has differenc advantages and disadvantages in terms of cost, permicting, access, water quality, stocking and harvest-

" ing: In order: to test the fcaslb:hty of the enhancement conccpt prelunmary trials were ﬁndcn:akcn 1o evaluate rwo aruﬁcul
' dlcts against a kzlp control dlct

| Expcnmcntal 'I'nals :

Red sea urchms were captured in Bodega Bay, Callﬁ, near thc mouth of Tomales Bay, in'an area that conslscently _
produccs low quality ani. Animals were held in outdoor 8 mx | mx 1.5 m concrete raceways for two months after harvest

10 allow- for incidental post-hatvest mortalicy. They were subsequently separated into lrna raceway sections using welded - '.

plastic mesh partitions prior to being fed the experimental and control dicts at 2d-lib rates, Animals wese stockcd at 12/m? |
~ with a water flow of 5 I/min. Ambienc water wmperacures varied between 12°C and'15°C. o
. Two experimental diets were tested. One was a kclp -based formulation developed by Dr. John Lawrc:nce and the -
. other was a fish meal- based-diet devclopcd by the Mexican company, PROESA. The Lawrence diet was fed as small pellers
. approx.lm.atcly 8 mm in diameter and 4 mm thick, while the Mexican dict was formulated into discs approximarely 4 cm.
~ in diamerer and 8 mmi thick. The Mexican diet was broken into small irregularly shaped pieces priof to being fed. Both
- diers exhibited good water stabilicy. The giant kelp, Macrocystis pyrifera, was used as a concrol diet. Animals in one treat-
- ment were not fed. but were ablc o grazc on the mlxed algal growth occurrmg on. r:mic walls Results from th:s group were, .
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used to evaluatc the el"fects of incidental grazing on gonad development Ammals were fed three times per week for a two- :
' month penod They weze then measured welghed and their gonads dlSSCCtL‘d for werghmg and gradmg s

Rcsults and D1scussmn

Ammals inalltr treatrncnts s had in increases in gonad werght and index, deﬁned as the gonad werght dmded by the toral
animal weightand expressed as a percentage. Table 1 presents data on gonad index and grade for cach of the expenrncntal
treatments and control There is no s:gnrf cant drfFerence in gonad Index between any of the fed treatments. :

_ TABLE I Mean srrrbin-wexj‘gbt a’z’amerer gam:a’ index and quaii:y

" diettreatment Mea.uwught(g) '.Meandn.mete.r(mm] . Meangonadindex  Uni grade, % A/B/C

- “WILD (initial) * 485.0 S 103.0 . .70 22/45/33
U KELP: . 4544 _ 1046 . 96 L 11890
- MEXICAN . 4420 .. - 1022 -0 0 . T 7822000

LAWRENCE = 4388 | 10242 = -~ - 99 . 67211

NOFEED - 4544 . .102.82 S 85 '22_{45:’33

. Supplemental enhancernent of red sea urchins ustng kelp and formulated diers results in increases in- gbnadal mdex_ -
and uni grade.-On average, gonad weight increased in the nerghborhood of 1g/wk in all fed treatments. The observed -
increase in the gonad index of the unfed controls most probably resulted from their grazing the abundant algal turf that

- grew in the concrete: raceways. Thls increase in gonad index of unfed amrnals was approxrmately one—half that observed in

the fed ammals
“There were observable dtfferences in the ﬁnal gonad colot and thrs 1s. reﬂectecl in che degnee of var}abrhty in grade

' and the percentage of uni in the highest A grade category. Animals collected from the wild and unfed controls were - o
observed to have z hrgher degree of variability in cheir gonad colors and” resuitrng uni grade: The range in uni grade is

similar-in the unfed animals to thar ébserved in wild urchins harvested inareas without abundant kelp, both of which L
. Jpresumably grazed on mixed algal turf. The best grades were observed in the two formilared feed trearments and the kelp' o
© dier, followed by the no feed trial and the wild condition at the begmnmg of the trials, . : }
Supplemental feeding of red sea urchms increases their markecvalue ina relatwely short time. This practlce canalso
“improve the fishery by allowing divers to access the resource ‘when seas dre calm and safer diving condirions exist. The
- practice of holding.urchins for a penod and enhancmg their uni weighr and grade woild also allow hdrvesters to supply
markets with a better product on'a more consistent bams This. is particiilarly important during the December holiday -

scason when defnand and pnce often peak Cotnt:ldent wrth thls peak Ca.hf'orma divers miust contend wrth hlgh seds ancl Lo

winter storms
Referonces

Hagen, Nils T 1996 Echmoculture from’ l" shcry enhancement to closed cycle culr.watron World Aqua“eulture, volume .
' 27(4) pps- 6-19- S . . -

Acknowledgment

The aurhor would hke to thank Lee Tucker of Sonoma Offshore Products for h1s assistarice and expertxse in gradlng: -

- the uni produced in these erials, dnd cornmercial diver Rick Diaz for obeaining the utchms used. *
"~ This paper was funded in, parc by a grant from the Narional Sea Grant College Program, Nattonal Oceénic and

" . Atmospheric Administration, U.S. Department of Commerce, under grant number NA 36RG0537; through the Califor- -

- nia Sez Grant College System, and in part by the California Resources Agency. The views expressed herein are those of the _ .
author and do not necessarily reflect the views of NOAA or any of its sub-agent:les The 1. S Government is authonzed o .
reproduce and’ dlstnbutc For governrnental purposes. '



| s..-‘e_""iwm-smﬁgmm; L

47 -






(}eaduc& andtﬁe‘anoﬁmgtanfDepmtmentaﬁJw&and‘w&d&fe
Hal Bedme Wasbmgmn D:panmem of Fish and WH&ﬁ Brinnon, Was}'ymgmn '

Harvest Hlstory

: Prior 1o 1970, geoducks were strictly an incertidal recreational harvest species. In the lare 19605, diver-biologists
‘from the Washlrigtoh Départmcnt of Fisheries, now the Washlngton Departinent of Fish and Wildlife (WDFW) discov--
“ered and dociimented vast reserves of sub-tidal geoducks. I 1970, the commercial fishery for subridal geoducks began.’
WDFW assesses subridal populations of geoducks for numbcr, size and quallty Geoducks are a sedentary natural
" resource and as such the Department of Natural Resourccs (DNR} managcs the sale of sub-ndal tracts fished by thc )

E _commctc;al gcoduck ﬁshery

.Geoduck Facts |

. '_Geoduck chstnbutlon Baja, Cahforma 10 Alaska, from +3 foot tlda] hclght to -400 Fcct dccp

-« 'Geoducks ¢an live for more than 100 years -

. Once harvested, geoducks stocks are slow to repopulatc——about 50 years on average. The allowable harvestin Wash— o
ington state is about 3 million pounds per year, equivalent to 2% of harvestable population. : -
"+ Most geoducks are-unavailable for harvest, hvmg either in closed areas or in‘waters too deep for divers. :
s+ Geoduicks start sexial reproduction at 4 to 5 years old They spawn pcriodzcally from March to ]uly, with each fcmale :
producing about 40 million eggs over the seasan. '
¢ Geoducks grow w a wclght of about 2 pounds in five years. and reach maximum size in 15 years
« The average weight of geoducks harvested from Pugcr SOund is }uSt under 2 pounds however gcoducks can rcach
wetghts of mote than 14 pound.s ' : :

| Geoduck Cultu.re

o _5. : Gcoduck culture began ona small satlc at Pmnt Whttncy in thc 1970s. :

o Commercial scalé culture sarted in 1982 under 4 memorandum’ agreement berween the Department of Ftsherles and

. the Department of Natural Rescutces. The goal of the project was to double the subtidal commerciat harvest of .
- geoducks in 10 years. By 1987, the hatchery was producmg 6 rmlhon geoduck seed per year These seed were plantcd '
'w1thout protecuon inth subndal areas. R

: __Cﬂlttire _Facts

Cel Geoducks start ]xfe as swimming larvie only 80 mm long

s Théy swim, eat and grow for 25 days. - :

% Arasize of 400 mni they sink to the botrom and crawl araund much ltke a snaii &tmg whatever they can ﬁnd
growing on and between grains of. sand. .

» By 6 weeks of age, at a size of 1. 5 10 2 mm, the)' have deveioped a mphon At this point they dlg into the sand and
begin filter feeding.

. In another 6 weeks, they gmw 6] about 8 mm in length—a good size for p[antmg

: Factors That Affect Geoduck Growth

-

: . .Food level—-—na.tural algac producuon

* Currents—strong currenits bring in'food . :
" Tcmpcrature—gcoduc:ks grow well at water tem peratures of. 55°F to 65°F but will bc srrcssed at contmuous rem-
.- peraruses above 70°F _ S
"+ Substrate type—silty sand is best §
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~ Goal of Intertidal Geoduck Planting
o Makc mdre .geod.l;lcksava.ﬂable_ rq &creatiendl digéers_" '

o II_.-HDW WDFW Began Plantmg Geoducks on Beaches

_ There are’ few pubhc beaches WIth geoducks readlly available for the recreanonal drgger In 1990 WDFW dwer;' :
o blologrsts discovered very low survival rates among the unprotected geoducks planted in subtidal areas, Experrments
* revealed chat predarors such as crab can ger to geoduck seed even when the seed is buried several inches deep WDF&W -

staff Brady’ Blake and Hal Beartie invented 2 method for protecting newly planted geoducks: place the vulncrable seed o E

o msrde of shorr pieces of plasuc pipes stuck into the sarid. This rechmque becarne known as the tube method.-

- In 1991, Brian Hovis, biologist with Washington Stare Parks and Recreation, invited Beattie and Blake to rest rhe- -
'rube method on beaches in four state parks. Test results in 1992 from the four beaches showed da average overall sirvival .

" of 40%. By 1993, the plantlng techmques were, bemg adopted by commercial interests in Washmgton state and British
: Columbla : C :

Wwwﬁgﬁeweﬂmmmmmm)

" Richard Poafr Lumm: S}Jeifﬁb Hatcbcq; Bdlmgbam Wm};mgron S

Thls paper dcscnbcs methods used to rear geoducks Most techniques are modrf‘ ed from rhosc used in oyster and
clam culture. For the information in this paper, the author relied heavily on the experience of other harcheries, parrlcuiarly o
the Washingron Department of Fisheries and Wildlife (WDFW) laboratory ar Poirit Whitney. Geoduck larvae have been -
.+ 'reared at the Lummi Shellfish Harchery on several occasrons ]uvemles wete prcduced by two dzﬂ'erent methods both of
* which will be described.
' Harchery rearing of the geoduck clam isa relauvely new venture. WDF&W (formerly the Washlngron Departrnent

~ of Fisheries or WDF) has been involvéd ina program- of geoduck enhancement since 1981 using ha:chery techmques S
developed for oyster and clam culture. An original goal of the enhancement project, conducred in cooperarion with the

'Department of Naturai Resources’ (DNR) wis to doubie geoduck landlngs in Puger Sound. It was e.snmated that reaching
this goal would require pIantmg 30 million geoduck seed per yeat. Fundmg for the. prcaject was to be prowded by lease fees
paid by divers harvesting geoduck on DNR Lracts. o
In 1983 the WDF&W Point Whitney Laboratory produced millions of geoduck larvac From stock taken from'
“vartous lncanons, rnamly in south and central Puget Sound. Two years later a sand-substrate nursery was completed and_'
. the lab was successfully producing geoduck juveniles for planrmg in Puger Sound. By 1988 the number of seed planred

increased ro 7.5. million juveniles. Seed was broadeast over selecred areas of Puger, Sound and wasalso -planted on scare. '
“beaches. It was anticipated rhar the seed would drg in and survnre However, observauons indicare, that less than 0.5% of -

" the planted clams survived. : : ' o
. WDFW geoduck enhancement efforrs were reduced for two reasons: .(1) low returns and (2) problems rearlng larvae
" and seéd after thie 1988 productlon success. In 1996, efforts were made to produce stock from sper:lﬁed areas. More than .

100 broodstock geoducks from any one location are required for a viable larval cislture. Several atrempts to rear larvie were -

" aborted because of a fack of spawners present in the sarnple harvested WDF&W biologists did note that geoducks spawn
multiple times each year.

Reduction of hatchery efforts to maintenance leveis is unfortunate. Market demand for geoduck is currcntly very .- ._ -
: hlgh Thc prcsent markct in Washmgton is for live geoduck.s Number lor Numbcr 2in quahry (No prccessmg occurs in .
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the state.) The aquaculture industry is well suited to meet this demand. Planted geoducks reach market size in three years
~ and have excellent ‘market characteristics such as white color, uniform siz¢ and rcady availability. Prescm: aquacuh:urc '
eﬂ'brts could use millions of gcoduck sccd for grow—out ' : :

) Hatch_cry _Produqtidﬁ _of G_e‘oduck- Lai*vae _

_ Geoducks can be reared in s thie harchery using pmcedures thar have bccn dcvclopcd for oysters, lams and othcr
~ species. The Lummi Tribal Shellﬁsh Harchery has been tearing clams and oysters since 1969 far planting on Lummi cribal
grounds and for sale to other growers (Figure 1). Using standard proceduires, mariné algae CHGRA, CC, 3H, SK3,
- dsochrysis and R futheri are grown for feed; broodstock is conditioned and spawned; filtered: sea water of a proper rempera-
*ture is placcd in fibergass canks for culturing the larvae; the culcures are changed sorred and clcanccl on a regular basis -
(usually three days} untit rhe Iarvac are rcady for rnetamorphos;s ' : -
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 Figure I.l. Lumami Shellfish Hatcb?zy showing algae systems, lan;a_:' rearing and Juvenile rmn'n"g' in the 14,000 squaré Joor facilizy
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Collectmn of Broodstock

Adult gcoduck clams can only be raken by commercwl pérmir and undcr pcrsonal llcense llmits set by WDFW Teis

" also pos51ble to obrain specm] harvest permiits issued by tribal fisheries, Stock for the Lummi Shellfish” Harchery is raken

from central Puger Sound near Skiff Point by commercial divers and transferred o tanks at the Lummi Sheilfish harchery.
Careful selection and handling of the adults is required. Any tears or breakage leads to mortalities, usually sooner rather -

than later. So will lifting geoducks by the neck (siphon) or other rough handling, Because the combined weight of the

animal’s body, shell and mcluded water is so great, hﬁ:mg anlmals by the siphon will brcak siphon muscics, k1llmg the -
animal, _ _
Broodstock were sclcctcd by the followmg criteria: (1) young a.nd in obvious- good hcalth 2 whnc in culor (3) no -
. torn mcmbrancs or broken shells; (4) cransported to the hatchery within 24 hours of harvesr and (5) harvested from a
* cenral locarion. Broodstock geoducks are tansported in a van and are packccl in single layers-in wer blankets ro minimize -
- exposure to wind and ch:lllng conditions. Harvesters should avoid remperatire extremes that rnay result fmm leavmg the
. moist blankets exposed to evening temperatures near or below freezing. - : : - : :
" Properly collected animals will survive quite well in the hatchcry withouc any spcc:a] holdmg o1 restraining deévices,”
suchr as rubber bands or sand. [f the animal is intdct, the membranes that normally keep it together appear to be adequate.
- Healthy animals w1ll have stphons thhdrawn into'a short compact mode If thc Slphbﬂ extends ahd droops, the animal is
in troublc ' : : - : :

- - In1997, broodstock was collec:ed on _Ianuary 230 determine if it was posmble 0 condmon gccsducks outof season o
* and produce juveniles early in the year. Early condmonlng is alrcady used in theé oyster mdustry Early producnon of oyster _

- secd rcsults in fast spnng grovrth the seed acts as if it were set in the fall
- Co'n’ditioning of _.thb Aduths' -
Broodstock was hung in plasnc baskers i in 32, 000 lice: tanks at 12°C for twa weeks: Exammauon of three adulss (onc -

chalc and two males) at the beginning of the two-week period.indicated that the female was'just bcgmnlng to form eggs -
and the males had active sperm. Food was added to the ranks daily in large quantities (excesswc amnounts of pseudo-feces -

- are produced if theanimals are overfed) and warer changcd cvery three days. -

Small compartments, approxlmarely the-same size as the clams, wete made in the baskets usmg 3/ 4-inch PVC plpc )
Long-term contact with slats in the borom of the baskets used to hold broodstock sometites causes ulcers to develop on

 the feet of the geoducks. Small nitex mesh was added to the borrom of the compartments in an attempt to reduce this . - '

- problem. During 1996 broodstock trials, clams housed in lacge buckets of sand also developed blackening of the foot
-caused by low circulation. Putnng holes in the buckets reduced chis problem Hoidtng geoducks in sand had other draw- -
" backs. The: sand was contammated and brought in unwanged animals. It was difficult to handle the heavy buckets and a
crew of several people was required to change the ranks and move the adults when spawning occurred.’ L
. During the 1997 .condidoning trials, water temperature was increased 16 17.5°C on February 7 and feedmg in-
. creased. Warer was coIorcd with CHGRA, SK3 and Jsochrysis to the pmnt that the bortom of the eight- foor—deep tank was’
not visible. A small spawning occurred the nexe day.and the adults were removed to anoth¢t tank. This first spawning was -

light; producmg appioximately 7 million larvae. The adules spawned again February 13and produced 30 million larvae. - -

The adulss were then removed and warer from the spawning tank siphoned té an adjacent 32,0001 cank to, dilute the eggs
‘and sperm and allow dcvclopmcnt to proceed withpur excessive handiing of che eggs. (A similar procedure is used for
manila clams. Dilution is'accom phshcd by further mphomng, if necessary Fresh ﬁ]tcrccl sea waser at 18°C is addcd to the =
- tank to fill it to the top.) o :
N The adults were moved co c6ld water (7°C) brecause no tanks Wlth warm watcr were ava:lable T[us tcmpcrarurc drop
caused severe stress and more than 30 of the animals died. Examination of the fmorts showed they were still in spawning

condition with eggs and sperm present. Examlnauon alsq showed that more males were preseat than females, However, +

-_ subficient females -were available to prowde large quanrides of eggs The gcoducks thar survived thc !ransfcr 10 cold water
pullcd thelr slphons into ha.lthy, rcrracted posmons :
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Sea W_aier Sy;tém -

_ Wu:h thc sea water syStcm, witer for thc shellfish hatchcry is rakcn from a shallow sm—foot intake in 2 700-acrc o
saltwater pond- adjacent to the facility. Two 25 hp cast iron'pumps supply both. the Esheries and shellfish operacions

; through PVC lines, Waser temperature at the intake ranges from 0°Cin the winter to 25°C in mid-July. Satinities range .

from 15 10 30 ppt. Water is filtered in three multi-media pressure filters through pea gravel, sind and anchiracite coal.

Water is heated by Pyrex glass and titapium plare heat exchangers powered by two modulating propane gas boiters (900,000 .-

* Bru and 500,000 Bru): Hatchery warer-can be mixed to provide any temperature from’ amibient to 30°C. Témperature
. adjustmient is manual and températures may fluctuate when tanks flows are changed. Haschery dramagc goes (o & pond'- :
and adjacent tldal area. Air is supplled byal0 hp bIow;:r : : :

- Algae Culture

Thc basu: sysccm is open batch culture Starter culrures are mainuined in autociaved 1000 ml flasks and changed
every one-to seven days, dependmg on'the species and situation, Changlng diatoms daily appears.to rejuvenate the cultures
at times when large quanities of algae are requlrcd Total annual hatchery algae production is 151,800 {. Ac'maximum
~ capaciry, the hatchery uses 42,000 1 pér day. The hatchery does not have a centrifuge to harvest excess algae and ranks may

‘be dumped if algae are oo oid Most of the cuitures are used in three to sevendays depcndmg on the specres I;ocb;ysu—rype E
algae may be held longer. : '
Algae ranks range from 3, 800 t0 17,000 1 in size. They are chiorinated w1th 90 ppm chlormc (12 5% chiorine from
.a [5 gellon carbey) and allowed to stand overnight. The tank is de-chlorinated with equal amount of sodium thiosulphate
and allowed 10 aerate for wo to four hcurs Then nutrients and dne or two carboys of algae inoculant are added. All
culturés use. the f2-nutrient solucion. 3111cace is not added 1o fmc'bry::s. T-Iso.or 2 futheri (all the non- dla:oms) Carbon
- dioxide is not added o the cultures The cultures are conrmuously and heavdy aerated and are lie by meral halide or cool "
white fluorescent lamps.. : : '
' ~ Culturesare fed by pumping tl'].{‘. algae to the large culmrc tanks with a stainless steel pump-and 1in. vuwl hos: The
amount of algae to be added ro the ranks is measured. by pumping time. With 30 million cells per mi in the culture,
ap pro:umatcly 25,000 cells per minute per mi are added to the 32,000 Franks. Algae culture densities vary from species to

" species; with the diatoms CHGRA, SK3 and CC producing culture densities that usually range from 1.0-to 3.0 million

cells per ml. Iso, T-Iso and 2 lusbers culture densities are sually less than 1.0 million cells per ml. Due to limited person-
nel, counts are not made on a regular basis. Water coloration is judged by ey, based on experience. During the later larval

_ stages of oysters. and clams, tanks are fed twice a day, early in the morning and late in the day: This schedule has produced

. good rcsulrs-Accordmg to WDF\W geoducks should be fed ar lesser rates and early cultures should not be fed more than

10, 000 cells per'ml. Feeding concentrations can be incteased 1o 15, 000 cells per ml and above later in the larval cycle.

' " All of the cultures are enhanced with £2 nutricht medium as déscribed by Guillaid (1975). Nutrients are madein

_ ﬁve—galion carboys, sterilized and placed on- shelves for use. Nutrients ate made sc:vcral times a week. Vitamins are kept in
&lc refrigerator untll use. All of the nutrient stock solutlons are madc in hlgh CONCENIation to Near saturation..

Larval Culture

" Geoduck larvae are cultu.red'in the same fashion as the oystér and clam larvae. Tanks used for laryal cultiise range jn '

~ size from 8,000 to 32,000 1. Tanks dre filled with 18°C water from the heat exchangers and the larvae are added: Feed is
. added. daily at the required rate dnd according 1o larval size. Small farvae less chan 150 mm are fed Imfb;ym T- ISO SK3
L and CC. Larvae over 150 mm are fed additional species mcludmg 3H and CHGRA.
“In 1996, the fitst spawning of geoducks occurred oh March 14 with z second spawmng Marchi 20, 2 rh1rd spawning

-+ - April 4, and a fourth spawning on April 18.10.1997, the first spawning. occurred February 7 with addltlonal spawningon - -
* . February 13. Eggs measured 75 ‘mm.

_ Following the 1996 spawmng, we observed that stralght-hlnge larvae, rea.red at 16%1to0 17°C were purphsh in color
. by 24 hours ofagc They reached a size of 125 mm by March 23, 10 ddys later. The 1996 cultures were froma mixed spawn -
and it was difficult to dctcrrnme thc exact sequence of rearmg sizes. On March 29 the larvae ranged in'size from 10070 190 o
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~ mm and were reddlsh brown in c,olor Shells were thin and eastly brokcn Larvae of 15 mim can squcczc through an 88 mm.

screen. Larvae are slphoned onto screéns with water above the screefi 1o avoid direct impact of the larvae against the screen, " -

By April 10, 1996 some of the larvae reached 350 mm and were crawling.. By April 13, ali larvae teachcd 350 mm On
- April 15,1.5 million were transferred t6 an upwellr’downwell system as shown in Figure 1.
" * - During the rearing, some etosion of the cilia by bacteria was noted. Clean food is very important; food can be a
~ source of céntamination. Feedingwas heavier than recomménded by WDF&W. btologlsts and often exceeded 25,000 cells
per ml. Lawac that went o thc bottom were not tecovetable due to contamination from dctntus and assorted bacteria.

) Settmg of Geoduck Larvae B "

]uvenlles are pedal palp feeders, accordmg to-the literature. Expenments with dow:awellers and upwellcrs mdlcqte' '

. “that setting in downwellers results in high survival through metamorphos1s A substrate of sand and ground oyster shellis -

. an effective medium for juvenilesup to 5 mm.
' ~ ‘Acthe WDFW harchiery in Brinnon, the nursery was dcugned for o‘verlunder ﬂow that prov1dcd mtersn-nal ﬂow in.

- " the sand 6 prevent loss of oxygen. The 12 fr x 80 f; raceways used for rearing the Juvenlle geoducks required large. .

quantmes of sand and gravel. Food for this system was taken from the lagoon at the station, In addition, algae was reared
in the hatchery. The. system was highly successful and produced over 6 million clams in 1987. Harvést of the clams in this -
sysrem required large'e <quipment: fish pumps for removal of the clams, and sand and dump trucks to remove the sand. Seed

 washeld in upwellers for up to two days after harvest (separation from the sand). -

. Atthe Lummi Hatchery we havé had good success without using any substrate while employmg other pnnmples of .

the WDFW grow-our operation. Flow was applied both to the bottom of the cylinder with 2 smalf aquarium pump at 475 -

gph and by aidlift to the top of the cylinder to give maximum circulation and cleanmg (Flgure 2). The design was intended
to reduce dependence on substrate for rearing; Settmg without substrate goes very well in “the downwell mede of thé
' upwell/downwell box, In 1996 we grew clams to 10 mm+ in this s system. We began to expenence mortahtles due to warm
weather in late June when pond temperatures reach 23°C. .. :
The rearing success of juveniles raised in plastic and paper tubes (4 i in. 0§ in. ) ani under netting has ranged up o

80% using larger seed classes. We have some indication that small seed (2't0 10 mm) can alsa be placed in tubes with net. - _'
- covers with good success and seed as small as 1 mm have been successfully planted in tubes mth net covers. K these smaller - o
sizes prove viable, the cost of hatchery seed will be reasonable and geoduck farming will become, 2 reality. Even if seed

~-pricedat $0.25 each suffer 90% mortality, the seed cost per adult animal is only $2.50 compared t6 an average f final market
" valué ranging from $7.50 for a 1.5 Ib. animal to about $15 fora. 3. amma.l Seed that is reared to.15 to 20 mm w1ll cost_ o
more and still be subject 1o some mortalities. ' '
' Currcntly, hateheries can grow seed of 2 to 10 mm wu:h good success., However, some - hatchcncs dont have the o
facilities to grow sccd toa larger size which growers may prefer A secondary grow-out sysrem would be needed 10 produce
larger seed. : oo : o : : :
_ .. Configurarions for | grow-out nurseries iriclude sand ﬁlled sw:rnmmg pools sink ﬁoats, lantern nets; and ﬂoatlng :
- upwell boxes (with or without sand), Using these methiods, juveniles can be grown to much larger sizes, lncreasmg planting -
SuCEEss. However, as stated before, seed costs will increase substantially as the Size of che seed increases. '
. Demand for gecduck seed has increased dramatically with the success in cuIturmg geoducks mternda[ly The poten—
" talfora large and highly valuable industry is just around the corner, but: rcquu'es seed o be successful Present hatchery' '
. product:on is far below volurnes needed to meet demand 2

s " Blbhography

' Beatt:e, Hal, In press. ]996 Geoduck Hatchery Manual Washmgmn Departmcnt of F1sher1es Brmnon Washmgton

Gulllard RRL,IN Culture of Mannc [nvertebrate Ammals Smlth a,ud Chanley Eds Plenum Press, New York { 1975)
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‘ Brian Phipps, Taylor Séelfﬁs/: Farms, Shelon, Wa.rbmgwn . R .
At Taylor Rcsources we have been commermaﬂy plannng and harvesnng geoduck clams for five years thls October..

© (1996). We receive che seed from the Taylo.r Hatchery when itis 3 to 6 mm in size. So far we havc found chat smaller seed
sccm. 1o dlg ina llttle faster than;! arger seed o . . .

| Ca.r C(_)vex_' Methbd

Afrer we receive the seed from the hatchery we have two methods. of planting. ‘One is with car cover and theotheris
- with tubes. Car cover is the fastest way ro plane gcoducks Thete are different sizes of car cover that you can use: 1/4 in., 1/
"2 in., and'3/4 in. mesh. To piant seed and use car cover, we trench ditches 6 inches deep around the edges of the net. After
making the wrench we rake the ground to create htt[c furrows. Tl‘us hclps get any lc&ovcr crabs and makes lirtle Vallcys for
the seed 10 settle i ino. )
_ For 1/4-inch mcsh or largcr you-can lay mesh down, bury thc edges. thcn piant the seed straught through the, net. .
For smaller than 1/4-inch mesh, you have to Iay the anlmals down first, then carefully pull the netover them and bury the :
" edges,- :
- We cxperlcnccd scvcral problems wn:h car cover. If you plan: ona wmdy day, the anlmals may be blown onoa
 section of the cultivated area. This resulis in too many animals in one area and they will not grow as fast as you want them
“to. Netting also rips in really bad weather. Another time, we had geoduck necks get caught in the necting and the constant

pull.actually pul[ccl them out of the ground Survival using car cover has bcen h!t and miss. Somenmes wé pIant andget .

good surw\ra! Other times we plant and’ get lousy survwal
. Plantmg Wlth Tubes

. The next method of pla.nrmg is with' tubes. Tubes are urnc-consummg You havc ro 1nd1v1dually cut your pipe intg °
© 9-to 10-inch lengths and push them into the ground. They are pushed about 7-in. deep so that 2-in. of the nibe'are above .
ground. We plant 43,560 tbes per acre; gach rube is planted with thire¢ to five animals depending on tidal level. ARerthe
animals are put into the tubes, a mesh is placed over the top of each tube to keep our predators such as crabs, moon snails,

. fish and anything’ else. Tubes take a lot of man hours to cug, store, and install, bur are the most succcssful way of plantmg S
) wc have found so far. : S : : :

r -

_ Harvesting

' Now, you may ask, how are:we gmng w0 harvest’ We have tned ™o methods Oneis by dlggmg with a shovel and the.
second is by usinga pump. Us;ng a shovel is nmc—consurnmg, plus you break 2 significant amounr of geaducks this way.

"~ You also leave a big hole in the ground that takes time to fill back in. In addmon, you-cannot replant the ground untll the -

holes have been complerely flled. T _

The second way to harvest is by pumping s wat\‘:r o hquefy the sand and break the suction of the geoduck Then you' .
can pull them right out of the ground” with little or o breakage. After harvestlng with the pump, we have found dhar we .
can re-seed the ground sooner. The pump also cleans the ground of unwanted material such as oyster shells and debris.  ©
_ A Taylor Shellfish Farms, our goals for 1997 are te pla.nt 2 million seed and 10 harvest 12, 000 lbs But by thc year .
2000, we hopc to harvcst 2.5 mllhon Ibs. - . IR
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Don Dabman, Dabmans S!;d!fi_f}y Co., Sheison, Washingion

_ Last summey, our company planted 11, 000 geoduck seed clams We punchéd hc;lés in the sand with a steel rod and -~ .
" dropped one clam into each hole. The density was one animal per square foot. It sounds simple cnough but it took nine
- of us two da.ys to complete the plant. The only immediate problem observed in the arez was moon snails. We haven't had -
a chance to assess the outcome yet, but it looks promising from casual observations.
- We bought broodstock to ccndxtmn, spawn and producc larvae. Thls cxpcncncc mught us thc foilowmg

L Collectmg enough fcmales isa major problcm Wc boughr a to:al oF 200 ammals for broodsrock and found thar only
11 were females. S .

B . Geoducks are dribble spawners.

> Larval rearing and setring are cusrently inconsistent. :
~+ Feeding larvac the proper amount of food is crmcal [fyou over-feed the larvae, l:hey wilt dlc Kcep algac cell densities
" _ on the low side. - o
*  Geoduck necks don't always show on thc gmunds during February and March Apparemly, many of the geoducks
" retract their necks dunng this pcriod and w1ll 1ot show again until April or May, The time perlod seemns 10 depend
- on the area. : : :

Gcoduck culturc provtdcs an opportunity for cxmtmg shcllﬁsh farms to cxpand and leCfSle opcrat!ons Geoduck _ -
culture also allows the use of marginalareas unsyirable for farmmg oysters and clams. However, growers must be panent
and co:mdcr chac it will take four o ﬁvc years w0 produce a crop.. '

' _Er:':_Gam, Fen.._quf‘aadeth’., Coz}nmy, Brfr:&bCaixmbid; C::mzda B ) o , .

" When I con51dcr ail- of the factors that have reduced my productlv:ty aver the years, both as a. ﬁshcr and as an-
aquaculrurist, the one factor thar stands out is political resistance. The resistance to our project in Canada came from
individuals within four basic groups—government, industry, natives and environmenalists. Tl'us resistance can be bmken"
down into three basic rypes——the reasonable, the neurotic and the corru :

In-siich a short prescnration it is nat possnblc to provide a comprehcnswc dcscnptlon of all I:hé ways we use to

. overcome the political resistance to our operation, But the following will give you some insight.

We dealt with the legitimate concerns of the environmentalists by targeting “natural beds for resecdmg that, as fishers,
we knew had been mined down over the years because of mismanagement by the Department of Fisheries and Oceans -
(DFO). We are sccdmg these beds only to a density that we think is the same as the original natural densiy. We are also
 seeding a permanent fringe around the working area of each site which will 2dd to the narural spawning biomass. We are
leavinig a farge buffer zone berween the beds, and are trying to fit into the natural ecology of the sités. For example, we don’t
trap away the prcdators Whenever we can't be invisible to the eye, we try to be pleasing to the eye. We have refuscd tobe
‘politically prcssurcd into accepting, small sites on the grounds chat we.can’ be enwronmenm.lly sound and ﬁnancmlly
feasible unless we have enough atea. We've spent.a great deal of time, money and energy rcspondmg 10 1cg1t1rnatc environ-
mental concerns. Then we proceeded with our work regardlcss af the remaining resistance. L
_ P:shcrs have three- legmmatc concerns. The first is'over the limited amount of coasral area. W are dea.hng with this-
. -concern by helping the fishers-move from a fishery based upon the “guessiimation” of natural recruirment to a culcure-
- based fishery which requires less area for them 1o becotmie more productive. The second concern is what o do about
- residual natural stocks on prospective aquactltural sites as they are rolled oiit of the commor tesource and- into private -
-+ tenure. We have resolved this by relinquishing any claim to the residual narural stocks. In addltlon we have recommended ,
thar the fishers” association be allowed to purge-fish these stocks through 2 low-bid process outside the regular manage-
mehnt plan of the ﬁshery e have also recommended that profits from the purge fishing gointo 2 generic fund to deal with
. :problcms that are commion both o aquaculturc and. 1o culturc-bascd ﬁshcncs such as how to coopcratw«:ly market the
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increased amount of stocks whlch is thc third concern of ﬁshers S :
- Of course we ran into problcms putting these solutions into place Opposmon came frorn some-of the ﬁshers who
wanted to maintain their monopoly over world supply and from some individuals within DFQ who wanted to pcrpctuatc
their ewn mindset and existence ac the expense of the whole. Simple exposure of individual corruption has proven to bean.
* effective tactic in dealing with chese people. This requrres working from within for excended pcrlods of time'in order'to -
properly define the vatious forms of neuroses and corruprion thar exist within their organizations. Money can also bc an -
effective ool when used properly, nor only when dealing with the corrupt bue also with the neurotic. .
The most effective appmach we've found in dealing with political resistance is, fiest of all, to realistically dcﬂnc the
" type of resistance you are encountering. Do this before you decide 4pon your response. ‘Reasonable resistance should be
welcomed into"your perception as an. opportunity. to improve upon your ‘operation. Neuretic and corrupt rcsnstance
deserves to be dcalr w1:h ruthlessiy, regardless of the starus or capablhzy of md.wlduals causmg the problem. '
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2002E28thS.
. 'l'av::c:»ma= WA 98404' o

Brmdley,

"FAN Seafoods Lid:

445 Vale Court

L Cou.rtcnay, BC VON NG
. Ca.nada : .

Brookms Kail

Grays Harbor College

' 1620 E. P Smith D.
.. Aberdeen, WA 98320

' Bulldié,'-Stel'en

National Fish and Qyster o

. 5028 NE Meriden Rd,

Olympia, WA 98501



Chapman, Oliver \
3316 E Dmsion

"~ Mount Vcrnon, WA 98273

" Child, lan o
Squaxin Island Indian Tribe _

. 3100 Old Olympic Hwy.
s'hehom WA 985'84

Clay'ton Lotne

IEC Marine Rcscamh and D:vclopment

4829 Maplegrove St.
+ Vicroria, BC V82 2X5
. Canada - o

Cooke, Walc:

“Washington Department of
Fish and Wildlife -
_ 1600 P W}mney Rd.

: 'Bnnnon. WA 98320

'_Coo'pcr. Ken :
."DBI Consulting, Inc.

L 24888 Taree Dr. NE .

_qugsmn,_ WA 98346

~ Cronmger, Carina .
" Dahman Shellfish Compa.ny
* SE393 DabmanRd. -
Shelton, WA Y8584 . .

" Curtis, Kelly _
. School of Fisheries™
Box 357980
. Universiry' of Washingron
Seartle, WA 98195

" Dahman, Chuck

. Clam Acres

 SE 3561 Bloomfield Rd..
' _Shelton, WA 93554

Dahman, 'I(clln

'Cla_m Actes - :
_ SE 3561.Bloomfield Rd. -
- shelmn.WA 98584

Dahman Emr.e '

Dahman Shellfish Company
SE 1180 Dahman Rd.
Shelron, WA 98584

. Dalron, Andy
Muckleshoor Indian Tribe

39015 - 172nd Ave:SE

‘. Auburn, WA 98092

.Den’nis, Glen - .
‘FAN Seafoods Lid.

4645 Vale Court
Courtenay. BC VON TWG

' Canada _

. Dewey, Bill
. - Taylor Shellfish Farms
© SE130 LynchRd
Shelton, WA 98584

Edmonds, Thomas

- 7721 NE 24¢h Sc.
-Medina, WA'QSO?)Q o

" Edwards, Cbristi}]e

Coast Seafoods Co.
PO Box 327 -

+ Quilcene, WA 98376

.Ervcst,. Pegg).(

. Salty Dog Seafood
- 5829 Steamboat Island Rd. -
Olympia, WA

" Farmer, Tom - _
~ Tom Farmer Oysters

PO Box 704

* Belfair, WA 98528

Fauds'ka-r, _J“ohn_ .

Oregon Sea Grant Program .'

2204 Fourth St
Tillamook County | Extr:nsmn
T“dlam_ook OR 97141

"Feldner, Jeff :
" Oregon Oyster Farms
" 6878 Yaquina Bay Rd.

Newpori, OR 97365

Ferguston, Craig - B
* 3145 NE 78th Ave..
- Pordand, OR 97213

Fisken, Sarah -
Washingl:cin Sea Grant Prng;am .

West Wall Bldg. #124
Fishermen’s Terminal

. 735 W Thurman’

Seartle, WA 98119

_' Flercher, Dawn x
- Washingron Department of
' Na;u_l:_al Resources - -
1405RushRd- -
.Chehalis, WA _98532. ;

61

Flora, Donald
12877 Manzanita Rd. - - .
Bambndgc Isla.nd WA 98110,

Ford Kewn

. National Marine Fisheries Serwcc .
L7600 Sand_ Point Way NE
 Searle, WA 98115 .

Freeman, Kris -

" Washington Sea Grant- Program )

Box 355060
University of Washingron
Seattle, WA 98 105 -6716 -

. 'Fyfc, Dawd

Northwest Indian Fisheries COmmISSan
PO Bux'498 -
Suqua.mlsh WA 98392

Glbbons, }1:1‘1

. 3_]09 S Lane St. -
Seatde, WA 9814_4

: Glllcs, Don. :
- Stoney Point Oyster Company

10311 - 90¢h St. NE o
Lake Stevens, WA 98258

Goble, Dan

" Chelsea Farms

6438 Young Rd. NW..

" Olympia, WA 98502

.Gdodj'o_, Fern - .
" Goodro Shellfish .

E 361 Leeds Dr.”

- Shehon, WA 985_84

.Gort,- Bilj

Dahman Shellfish Ce. -

SE-393 Dahman Rd: -
Shelron, WA 98584~ -

Gray, Jim

Hama Hama Company_ .

' N'35959 Hwy, 101
) LLIhwaup, WA 98555

Grccn. Jon

" Sea The Light

3712 N Cheyenne

- Tacoma, WA 98407



-Gunstone, Reed -

. ] & G Gunstone Clams, Inc. - -

PO Box 216

* Port Town_sénd,‘ WA 98368 -

Hall, Esic :
- Taylor. Sheltfish Farms .

SE130 Lynch Rd. -

Shelcon, WA 98584

- Hall, ]a.mcs =
Taylor Shellfish Farms

SE 130 Lynch Rd.
Shelton, WA 98584

B Hangen, Richard ~
Box 8 . o
Bayview, 1D 83803

Hafbcil, Steve

Washington Sea Grant Progi:am E

Courthouse Annex .
PO Box 88 | }
South Bcnd WA 98586

: Harper, Ronald

- Northwest Oystets, Inc.
86 Rustemeyer Rd.

- Aberdeen, WA 98520

- Harper, Teresa .
Northwest Qysters, Inc.
- B6 Rﬁéteme_yei_Rd. '
. Aberdeen,WA 98520 .

i—lmdbrson; Michacl J
Squaxin Island Tribe -

- SE 3100 OId O}ymptc.Hwy ;

- Box 3 _
: Shciton, WA 98584

Hicks, Bl

‘Simmons Oyster Company '

3022 Simmons Rd, NW"
Olympia, WA 98502 -

Hill, Ed" -
Taylor 'Shel]ﬂ'sh_farms .
PO Box 76 - '
'Na.hcotta WA 98637

Hillair, E.d S :

Lummni Shellfish H.atchery
" 2616 Kwina Rd. 7. .
Bellingham; WA 98226

~ Hopkins, Peg

Shoretrust Trading Group_

- POBOXSZG

Tlwaco, WA 98624'. .

I Hortowe; jeﬂ‘ '
" Malah Tribe -

PO Box 115

' Ncah Bay, WA 983:-7

Hu&' Mlke '

" Port Gamble $'Klallam Tribe

31974 Lirtle Boston Rd. NE -
Kingston, WA 98346

Iri.ta.n'-i, Eveijm

* Los Angeles Times

Los Angeles, CA

L Iv&:;,l James
" Suguamish Tribe -
.. PO Box 498

Suquarnish, WA-'9S392 o .

. _ Jeﬁﬁlson, Steve
_ Washingron Department of -
- Natural Rcsourccs

PO Box 47027,
Olympla, WA 98504

o Johns, Hcrbert
' Harscmc Oyscer Compzny

SE 3190 Old Olympic Hwy.

: Shelton, WA 98584

]ohnsom Kurr -

* Taylor Shellfish Farms
. .SE130 LynchRd. -
. Shelton, WA 98584 .

Jones, Ed . -
" Taylor Shellfish Farms :
" SE 130 Lynch Rd.
’ Shel:on WA 98584

'Jones, Gorden
. Innovative Aquaculturc Products Inc.
* Skerry Bay '

Lasqueti Island, BCVOR 2_]0 o

" Canada, ~

_ .K.auffman, Bruce. = - - B
. Washmgton Diepr.of F;sh a.nd Wlldhfc :

PO Box 190

" Willapa Bay' Field Stértoﬁ

O_cqa.l_l Park, WA 98640 _ -

L 62

Kéljj', John .

* Sandhill Farms -

1989 Craberry Rd. -

Grayland, WA_ i

Kemmer, Brlan _
Kemmcr Ovyster Company Inc
PO Box 33

_ Ocean Park, WA 98640

- _K.mg, Gordon

" Taylot Shellfish Farms~
" SE 130 Lynch Rd .-
-Shelt'on, WA _98584

ng. Tcn

. ‘Wa.shmgton So:a.Granr Program .
N 11840 Hwy. 101 ' '

S_heltc_m YA 98584’

* Knarninlein, Bill L.
_ 'Fiberglass Maritie Producrs:
. SE 393 Dahman Rd, '
' Sheltoh,WA 98584

Lamen, Jackie

. .B] Seafood Farim -

SE 370 Johns Rd.. -

_ Shclton,"WA 98584

' Lcdgcrwnoci La.rry

Washington Department of Na:ural _
Resources- Dmmon Aquatic R:sourccs .
1405 Rush Rd.. -

~ Chehalis, WA 98_-53_2

: __'Lcuman, Amy S
. Jamestown S'Klallam Tnbe

1033 Old Blyn Hwy. -

' Sequirn,"WA 98382

- Leng, Earl

Har[eng Hou.se Sheilfi sh

-SE 181 Aréadia Shores
Shelton WA 98584 ’

e Lencz Iohn

Chelsed Farms -

6438 Young Rd NW
" Olympia, WA 98502

~Lenrz, Linda
Chelsea Farms
. 6438 Young Rd. NW/ - .
Olympia, WA 98502



T anbeﬂs, Leo : .
Limberis Seafood Processmg Ll:d.

5025 Malamos Rd., RR #1 .
Ladysmu:h BC VOR 2E0
Canada

Lindsay, Cedric -~

CE Lindsay QOyster Farm
744 Whitney Rd.
Brinnbn, WA 98320

: L:ttle, Loretta

‘ Washmgl:on Research Foundanon :

" Box 354810 .
Scattle WA ‘98105

,_ Lund Mcl _

. Harstne Istand—Teamsters
" 220 S0 27th St

Local No 313

Tacomna, WA 98402 -

"Madsen, Marie -

.. Port Discovery Sea Fa:ms

2915 Hwy. 20 . -
Port Townsend, WA 9836_8' :

" Madsen, Torn
Port Discovery Sea Farms -
2915 Hwy. 20~ -
Port Townsend WA 98368

.-.Manohs, M:chaei T

" Sound Fresh Clams and Oysrers . h

222 Sells Dr. SE :
Shelmn, WA 98584 -

" Matkers, Joannc

Washington Department of '
Natural Resources -
- PO Box 47027 -

© Olympia, WA 98504

 Mazza, Ed
PO Box 473
Hdodsport, WA 98548

‘McCrory, Buzz |

" Pickerring Shellfish

© 6406 -216¢h St SE
_ Woodinville, WA

Mchdv, Seamus

Little Liliiwaup Bay Company
T POBex 126 -

* Lilliwaup, WA 98555

Melvin, Ed -

Washingron Sea Grant P'rogfam

3716 Brooklyn Ave. NE
University of Washingron

- Seartle; WA 98105:6716

Mincer, Lorraine

Dahman Shellfish Coﬁlpany o
- SE 393 Dahman Rd .

Shgltqn, WA 98584

- Mirchell, Laurie -
“Madrona Shellfish Ltd

Box 329 -

_Ertingron, BC VUR 1V0

Canada _

" Mmr, Donna
- Farm Credit Services
PO Box 420
_ Chehalis, WA 98352 -

Maosgan, David

-Sisters Point Shellfish .

NE 12201 North Shore Rd.

. Belfair, WA 98528

Morgan, Elizabeth

 Sisters Point Shellfish .~
- NE 12201 North Shore Rd. ..
 Belfair, WA 98528

- Morgan, Larry - B
" Sisters Point Shcllﬁsh

NE 12201 North Shore_ Rd.
Belfair, WA 98528

Morris, Tim

‘Coast Seafoods Ccmpany .
. PO Box 166 -
- Sourh Bend,_WA 98386

* Muench, L"oﬁ

156 Blue Valley Rd.. o

'Pon: Angeles, WA 98362

Muench ‘Lyn,

" Jamestown §’Klallam T_nbe
. 1033 Ofd Biyn Huy.

Seqmm WA 98382

Nelsqn,- Mark .
School of Fisheries -~ -

- Box 357980
- - University of Washington:
- Seatle, WA 98195 L

63

Nisber, Da’vidl

Nisbetr Qyster Cb'r.n?any

-Star Route 146

Soufh Behd WA 08386

Nutt, Larrv e :
Oysrer Carcher Shcl[ﬁsh

- 1711 Monroe

Shelron, WA 98584

Olsson. Eric

- Washirgton Sea Grant Program. _ 3
. 1801 Roeder Avenue, Ste, 128 .

Bellingham, WA 98225

Pierce, Webster

.'B & B Fish Company
. 6 Pier Market Place ™

Narraganserr, RI 02882

Pegper, Thomas _
Rock Point Oyster Co_mpany

~ 1611 Dabob RO. Rd.’
’ Qullcene, WA 98376

Phllhps, an

"Oregon Oyster Farms

6878 Yaquina Bay Rd.

. Newpo'rt, OR 97365.

'PlOl‘kOWSkl ‘Bob

Alaska Department oFsth and Game

Box 25526

Juneau, AK 9?802 .

- Ragan, Jason - ;

. Hama Hama Company

N 35959 Hwy. 101

' Lllhwaup, WA_98555

‘ Ranta, Rick

National Marine Fxshcnﬁ Service
7600 Sand Point Way NE

Seartle, WA 98115

- Reed, Janice
" Reeds Oysters

SE 376 Johns Rd.
Sh_elton, WA 98584

Reid. Judith .
Odyssey Shellfish, Lid.
Sice 138, C-33, RR #1

- . Bowser, BCVOR 1GO -
’ Canada



Reid, Keith o
Odyssey Shellfish, Led. -
Site 138, C-33, RR #1 -
Bowser, BCVOR'1GO -

Reinhardr; Gerry
. Gravelly Beach-Clams .
<. 3310 Gravcﬂy' Beach Loop’ NW

- .O]yrnpla WA 98502

_-Robertsori. ije -
Taylor Shellfish Farms -
. SE'130 Lynch Rd.

" Shelron, WA 98584

Robmson, Anja
Orcgon. State Umvcrsn’y
2030 S Marine Science Dr
" Harfield Marine Science Cenger
. Newpo;t,' OR 97365

" Rohs Bob ) _
Gravelly Beach Clams-

- 3310 Gravelly Beach Loop NW
Olympia, WA 98502

- Roundtree, Dave
" Quiet Warter Clams
15816 - 124th PL. SE
Renton, WA 98058

Roundtrec, Dolores

" Quier Water Clams
15816-124th PL. SE ~
Renton, 'WA 98058

Ruthensteimer, Erin =~
: .Ncprunc Sea Farm, Inc.
- PO Box781 )
" Frecland, WA 98249

Ruthensteiner, Walzer

" Neprune Sea Farm, Inc. .

PO Box 781
-_Frcc]and WA 98249 .

. "_Sabo, Doug _
FAN Sg:afoods Led.
857 Deal St :

- Comox, BC VIM 131-

. Canada

. Salmon, Rurh

.. BC Shellfish Growers Assocmnon' o
331 S, Julian St '

Duncari, BC VOL 355
Canada.

" Salo, Mate

Island Ses Farms

_Box 445 Ganges PO : o
© Salr Spnng Island BC VSK ZW] -
- Canada o . '

Sanchez, [aime

. Ni'squallyil'n_c_[ia_n Tﬂbe_
12501 Yelm Hwy. SE

Olympia, WA 98513 '-

Sanford Cathy
Innovative Aquaculture Products, Inc:.

Skerry Bay

" Lasqueti sland, Bc VOR 2}0
- Canada ‘

sch;eibcr. Vicki

 Schreiber Shelifish.

SE 350 Mill Rd.

N  Shelion, WA 98584

: Schdffénhﬁqer,'Rod :

Taylor Shellfish Farms -
SE 130 Lynch Rd.

o Shelmn WA 9858

I. Schumacker, Joc

School of Fisheries

- . Box 357980 . :
. University of Washingl:o_n '

Seaytle, WA 98195

Schweizer, Dcnnis

. Three Capes Shcllﬁsh e -
PO Box 3270 o

Bay Ciry, OR 97107 -

Sc.hwcxzcr R.t_:;na.ld

Pacific Oyster Coirip;ariy.
PO Box 3030

. Bay Ciy, OR97107 .

Shamnblin, Ken - _

. Farm Service Agency <

. 1011 E Main Ave., #406" -
'Puya]]up, WA 98372

Slmmons, Vem

.UMPQUA A.quac.ull:urc, Inc.

PO Box 1287

~ Winchester Bay, OR 97467

_Si'mpsi).n, Palﬂ

- Island Sea Farms h

Box 445 Ganges PO

' Salt Spring Island, BC V3K ZWI

Canada : _ _
6

Skldmore, Larry

© . Shoalwater Bay Opster Co. -

PO Box 374

: Bay C_emer, WA 98527

Srmth ]ames -
4136 Mcndjan North
Searrle WA 98103 _

' rmrh Matr

Nisqually. Tiibe Shellﬁsh
12501 Yelm Hwy. SE

Olympia, WA 98513

" Senich, Michael

Hood Canal Maricultuf_é' |

7793 H.:insen Rd. -

Bainbridge Kland, WA 98 l_l(_)'

. Smith, Willa . :
"The Island Shelifish Co., Ltd. "
‘E 5620 {sland Lake Dr.
Sht_zltoﬁ, WA 98584 .

Smoczyk Wiye, Jacqueline
11308 Nocksack Cc. SE - ©

O}ympia, WA 98501 -

- Soloma, Ralph .
. Lummi §hellﬁsh Hatchcry -

2616 Kwind Rd.

Bellingham, WA 98226°

Sparkmal;l, Eric._

* Dahman Shellfish Company .

SE 393 Dahman Rd.
Shelton, WA 98584.

’ Spfénger, Michael . - .
E Wa.shing'tb_‘n Sea Grant Program . -
- 3716 Brooklyn Ave. NE' .~

Universicy of Washington

© Seanle, WA 98105

S;ainbrook, Hon

Harstine Island-Teamsters
220 S0 27¢h St

" Local No 313

Tar;oma; WA 98402

__— Steelc Dave
" Rock Point Oyster Compa.ny
- 8043 - 68th Loop SE
Olympia, WA 98513



Steele, Florence _
Reock Peint Oyster Company |

"+ 1611 Dabob PO, Rd.

" Quilcene, WA 98376

Steele, Richard .
Rock Point Oyster Company
1611 Dabob PORd. . =
. Quilcene, WA 98376

= E S;ep‘iaens,IChar_lie

. -,'Kaniilchc Sea Farms
SE 2741 Bloomfield
,.She_ltoni, WA 98584 o

Stewarr, ]:m
Lawrence Oysters -

" 4112 N Verde St.

Tacoma, WA 98407

Suflivan, Randy -
Farm Credic Services =~ -
- PO Bex 420

' Chehalis,WA'98532

. Sunde, Steve .

20528 Cham:anoka Beach Dr.SW .

: Vasht_)n. WA 98070

' 'Sund.st'rqm,Wﬁndis .

45 East Satsop Rd.
Elma, WA 98541

Sﬁn({srrom-Bagley, Cyndie
116 Old Hilt Rd. '
Aberdeeﬁ, WA 98520

. Sutherland Ian

" IEC Marine Rssearch and Dcvelopmenr

1131 Roy Rd.
Vicrotia, BC V82 2)(5
) Canada . i

Swan Ed .

" Grass Creek Oyster Co.
1975 Lakemoor Pl. 5W
Clympia, WA 98512

Swan, }crry

+ . Grass Creek Oyster Co
. 1975 Lakemoor PL SW

' 01ympLa, WA 928512 -

'Taylor. BLH :
Taylor S_hellﬁsh Farms
SE 130 Lynch Rd.
. . Sheltorn, WA 98584

" Taylor, Justin

Taylor Shellfish Farms

" SE130 Lynch Rd.
Shelton, WA 98584

:Taylor,-[’aui .
Taylor Shellfish Fafms

SE 130 Lynch Rd. - -

" Shelron, WA 98584

"I.'hom'pson; Doug. o
Coast Seafoods Company -~

PO Box 327

. Quilcene, WA 98376 '

Toba Dernck

Tulalip/ Stlllaguamlsh
7615 Totem Beach Rd.

) Shellfish P.rog'rai'n
Marysville, WA 98271

 Tocbbe, Bob

Toebbés Clam Farm, Inc.
8025 Hprgis St. NW . -

Olympia, WA 98502

Toy, Kelly
Tulalip/Stillaguamish-
7615 Totem Beach Rd.

. Marysville, WA 98271

. Tuoh:y, Mike L .
_ ]] Brenner Qyster Company

1603 Cooper Point Rd.

© Olympia, WA 98501
. Valley, S:eve
"~ E 421 Valley Rose Dr.
" Sheiron, WA 98584

~ Van Hyning, Jack .

Aqua Bionics Inc.

PO Box 80165
Fairbanks, AK 99708

Van Zanten, Barend

Tsland Entérprises— Squaxin Island TribeSE
3100 Old Olympic Hwy
" Boxl :

Shelcon, WA 98584

Vimont, Barbara

_ Totkum Shellfish Inc. *

SE 320 Sells Dr.
Shelton, WA 93584

65

Vimone, David

.. Totkum Shellfish Ine. .

SE 320 Sells Dr..

- Shelcon, WA 98584 .

- Wa.lker, Russ

Taylor Shellfish Farms
SE 130 Lynch Rd. * ~

Shelion, WA 98584

Wascher, Notton -~
Rocky Botrom Resources
N 30694 Hwy. 101 '
PO Box143 . . .
L_iliiwaup, WA 98'5 35

' Wet.ker, Miranda

Olympie Natuzal Resources. Cemer

"~ PO Box 160 _
Naselle, WA 98638

" Whitney, Wes iy
_ Hood Canal Shefifish
" 9810 Miami Beach

Seabeck, WA 98380

Wiegardr; Dobby
Wiegardt, Brothers

[Q Box 309 -
Ocean Park, WA 98640

_ Wie.gardt,. Mark _
_Taylor Shellfish Farms

PO Box 76 -

Nabooua, WA 9_36'3'7' :

. Wikseen, Harold _
.. Mintéebrook Ovster Cornpany .

Box 432
‘Gig Harber, WA 98_335

Williams, Paul.

~ Suquamish Tribe .

PO Box-498 -

Suquamish WA 98392

Wilson Denms

- Bay Center Mariculrure Co.

PO Box 356 . |
Bay Center, WA 9_8527.

Winfrey, Da\rld

- ‘Puyallup Tribe of Indiass
- .2002E 28th St. N
* Tacoma, WA 98404



Xin, Lin__

Oregon Oyster Farms - *

6878 Yaquina Bay Rd. |

- Newpost, OR97365 = -

. ) Yama‘shi.ta., Jefr:y

" Western Oyster Company

. 902 E Allison St
Satt]e., WA 98102 -

Yo'unlgl?ér.g,_[’egg:}‘r- T :
- 'E 621 Leeds Dr.. .
Shelton, WA 98584

; 'Youn'glsérg, Ru.th -
CE 621 Leeds.Dr. -
Shelton, WA 98584 -

...66
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