
Leslie N. SturmerLeslie N. Sturmer
University of Florida Cooperative Extension ServiceUniversity of Florida Cooperative Extension Service

Charles M AdamsCharles M AdamsCharles M. AdamsCharles M. Adams
University of Florida Food and Resource Economics DepartmentUniversity of Florida Food and Resource Economics Department

John E. SupanJohn E. Supan
L i i St t U i it Offi f S G t D l tL i i St t U i it Offi f S G t D l tLouisiana State University Office of Sea Grant Development Louisiana State University Office of Sea Grant Development 



Florida Hard Clam AquacultureFlorida Hard Clam Aquacultureqq
DevelopmentDevelopment
•• Industry developed Industry developed 

rapidly over past rapidly over past 
decade due to:decade due to:decade due to:decade due to:
–– Successful job Successful job 

retraining programs for retraining programs for 
fi hfi hfishermenfishermen

–– Excellent leasing Excellent leasing 
program & regulatory program & regulatory g gg g
frameworkframework

–– Almost yearAlmost year--round round 
growing conditionsgrowing conditionsgrowing conditionsgrowing conditions



Florida Hard Clam Aquaculture Florida Hard Clam Aquaculture qq
StatusStatus
•• 450 small450 small--scale scale 

growout businesses growout businesses 
located on over 1700located on over 1700located on over 1700 located on over 1700 
acres of stateacres of state--owned owned 
submerged landssubmerged lands

•• $16M farm gate sales $16M farm gate sales 
reported for 1999reported for 1999
$34M i$34M i•• $34M economic $34M economic 
impact estimated for impact estimated for 
1999199919991999



Florida Hard Clam AquacultureFlorida Hard Clam Aquacultureqq
Production, 1987 Production, 1987 -- 1999*1999*
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Florida Hard Clam AquacultureFlorida Hard Clam Aquacultureqq
Seed Plantings, 1988 Seed Plantings, 1988 -- 2000*2000*
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Application of Remote Setting TechniquesApplication of Remote Setting Techniquespp g qpp g q
RationaleRationale

•• Adequate seed availability      Adequate seed availability      
a major industry concerna major industry concern

•• Critical seed shortages in Critical seed shortages in gg
recent years coupled with recent years coupled with 
increased pricesincreased prices

•• Growers become lessGrowers become lessGrowers become less Growers become less 
dependent upon traditional dependent upon traditional 
seed sourcesseed sources

•• Greater chance of successGreater chance of successGreater chance of success     Greater chance of success     
by incorporating another     by incorporating another     
step into existing step into existing 
businessesbusinessesbusinessesbusinesses



Florida LandFlorida Land--Based Clam Nurseries Based Clam Nurseries 
StatusStatus

•• About 90 nurseries About 90 nurseries 
operational statewideoperational statewide

•• Simple in design and Simple in design and 
operationoperation

•• 1 mm seed obtained 1 mm seed obtained 
from hatcheries from hatcheries 

d t fi ldd t fi ldnursed to a field nursed to a field 
plantable size of 4plantable size of 4--6 6 
mm SLmm SLmm SLmm SL



Florida LandFlorida Land--Based Clam Nurseries Based Clam Nurseries 
StatusStatus

•• Lowers initial seed      Lowers initial seed      
costcost

•• Added costs ofAdded costs of•• Added costs of Added costs of 
equipment, electricity, equipment, electricity, 
and laborand labor

•• Increases availability     Increases availability     
of seed of seed 

•• Helps alleviate seed Helps alleviate seed 
shortages  shortages  



Remote Setting TechniquesRemote Setting Techniquesg qg q
StatusStatus

•• Established in Pacific Established in Pacific 
Northwest during 1970sNorthwest during 1970s

P ifi tP ifi t–– Pacific oysterPacific oyster
–– Manila clamManila clam

•• C t t di liC t t di li•• Competent pediveliger Competent pediveliger 
larvae mass produced larvae mass produced 
in hatcheriesin hatcheriesatc e esatc e es

•• Shipped to growers for Shipped to growers for 
setting at “remote” setting at “remote” 
locationslocations



Application of Remote Setting TechniquesApplication of Remote Setting Techniquespp g qpp g q
Objectives Objectives 

•• Determine feasibility of transferring remote Determine feasibility of transferring remote 
setting technology from Pacific Northwest setting technology from Pacific Northwest 
molluscan shellfish industry to hard clam molluscan shellfish industry to hard clam yy
aquaculture industry in Florida aquaculture industry in Florida 

•• D l d d t t t h i l dD l d d t t t h i l d•• Develop and demonstrate technical procedures Develop and demonstrate technical procedures 
for remote setting of hard clamsfor remote setting of hard clams

•• Compare costs to nursery operation of producing         Compare costs to nursery operation of producing         
1 mm clam seed in a remote set facility as 1 mm clam seed in a remote set facility as 
opposed to purchasing 1 mm seed fromopposed to purchasing 1 mm seed fromopposed    to purchasing 1 mm seed from opposed    to purchasing 1 mm seed from 
hatcheryhatchery



Clam Pediveliger LarvaeClam Pediveliger Larvaegg
Hatchery ProductionHatchery Production

•• Pediveligers obtained Pediveligers obtained 
from commercial from commercial 
hatcherieshatcherieshatcherieshatcheries
–– 1 out1 out--ofof--statestate
–– 2 in2 in--statestate

•• Competency    Competency    
determined bydetermined by
–– Size (150Size (150--220 µm)220 µm)Size (150Size (150 220 µm)220 µm)
–– Presence of footPresence of foot
–– ActivityActivity



Clam Pediveliger LarvaeClam Pediveliger Larvaegg
Preparation and Shipment  Preparation and Shipment  

•• Screened on 130 µm sieveScreened on 130 µm sieve
•• Volumetrically subsampled Volumetrically subsampled 

and countedand countedand countedand counted
•• Placed on shipping Placed on shipping 

materialmaterial
moist coffee filte smoist coffee filte s–– moist coffee filters moist coffee filters 

–– paper towelspaper towels
•• Refrigerated (45Refrigerated (45°°F) for 2F) for 2--3 3 g (g ( ))

hourshours
•• Packaged in shipping box Packaged in shipping box 

with gel packswith gel packswith gel packswith gel packs
•• Shipped overnightShipped overnight



Remote Setting FacilityRemote Setting FacilityRemote Setting FacilityRemote Setting Facility

•• Components:Components:•• Components:Components:
–– Fiberglass Fiberglass 

tanktanktanktank
•• 250 gallons250 gallons

–– Sand filterSand filter
–– Bag filtersBag filters

•• 25 µm25 µm
0000•• 100 µm100 µm

–– Aeration Aeration 
Airlift pumpsAirlift pumps–– Airlift pumpsAirlift pumps



Remote Setting FacilityRemote Setting FacilityRemote Setting FacilityRemote Setting Facility

•• Downweller sizesDownweller sizes•• Downweller sizes Downweller sizes 
(24” diameter):(24” diameter):
–– 120 µm120 µm

200 µm200 µm–– 200 µm200 µm
–– 425 µm425 µm
–– 710 µm710 µm

•• Sieve sizes:Sieve sizes:
–– 230 µm230 µm
–– 500 µm500 µmµµ
–– 780 µm780 µm



Remote Setting Field TrialsRemote Setting Field Trialsgg
Florida LocationsFlorida Locations

New Smyrna BeachNew Smyrna Beach
(NSB)(NSB)

Cedar KeyCedar Key
Merritt IslandMerritt Island

HatcheryHatcheryCedar KeyCedar Key
(CK)(CK)

HatcheryHatchery
(HAT)(HAT)



Remote Setting Field TrialsRemote Setting Field Trials
ProceduresProcedures

•• Stocking: Stocking: gg
–– 3M PVs per tank, or 1M per   3M PVs per tank, or 1M per   

weller (350/cmweller (350/cm22 of screen)of screen)
•• Flow rates:Flow rates:

–– Water: 2Water: 2--5 gpm5 gpm
–– Airlifts: 1Airlifts: 1--2 lpm2 lpm

•• Cleaning:Cleaning:•• Cleaning:Cleaning:
–– Seed and tank: dailySeed and tank: daily
–– Backflush filter: 1Backflush filter: 1--2x daily2x daily

Change bag filters: 1Change bag filters: 1 2x2x–– Change bag filters: 1Change bag filters: 1--2x 2x 
dailydaily

–– Wellers: 2x weekly Wellers: 2x weekly 
•• SievingSieving•• SievingSieving::

–– Weekly Weekly 



Remote Setting Field TrialsRemote Setting Field Trials
MeasurementsMeasurements

•• Water Quality:Water Quality:•• Water Quality:Water Quality:
–– Temperature: dailyTemperature: daily
–– Salinity: dailySalinity: dailyy yy y
–– Chlorophyll Chlorophyll aa: 2x weekly: 2x weekly

•• Sieving:Sieving:
–– Volume by sizes: weeklyVolume by sizes: weekly
–– Estimate of seed Estimate of seed >>780 µm    780 µm    

size: weeklysize: weeklysize: weeklysize: weekly
•• Operation & Maintenance:Operation & Maintenance:

–– ManMan--hourshours



Remote Setting Field TrialsRemote Setting Field Trialsgg
Spring 2000Spring 2000

SiteSite DatesDates DaysDays
ManagementManagement

ShipShip FeedFeedSiteSite DatesDates DaysDays ShipShip
(hrs)(hrs)

FeedFeed

M 12M 12 Algal PasteAlgal Paste
NSBNSB

May 12 May 12 ––
Jun 22Jun 22

4141 2222
Algal PasteAlgal Paste

NoneNone

CK1CK1
May 12 May 12 ––

Jul 8Jul 8
5757 2626

Algal PasteAlgal Paste

NoneNone



Remote Setting Field TrialsRemote Setting Field Trialsgg
Water Quality Water Quality –– Spring 2000Spring 2000

SiteSite Min TempMin Temp Max TempMax Temp SalinitySalinity Chlor Chlor aapp
((ooF)F)

pp
((ooF)F)

yy
(ppt)(ppt) (µg/l)(µg/l)

76 576 5 ±± 85 385 3 ±± 35 235 2 ±±NSBNSB 76.5 76.5 ±±
2.32.3

85.3 85.3 ±±
2.92.9

35.2 35.2 ±±
1.71.7 5.7 5.7 ±± 3.83.8

76 776 7 ±± 81 781 7 ±± 29 329 3 ±± 11 711 7 ±±CK1CK1 76.7 76.7 ±±
2.62.6

81.7 81.7 ±±
2.62.6

29.3 29.3 ±±
2.92.9

11.7 11.7 ±±
6.06.0



Remote Setting Field TrialsRemote Setting Field Trialsgg
Sieve Results Sieve Results –– Spring 2000Spring 2000
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Remote Setting Field TrialsRemote Setting Field Trialsgg
Production Results Production Results -- Spring 2000Spring 2000

SiteSite

ManagementManagement Survival to Survival to 
11stst Sieve*Sieve*

≥1mm Seed ≥1mm Seed 
ProductionProductionShipShip FeedFeedSiteSite

(%)(%) (%)(%)
ShipShip
(hrs)(hrs)

FeedFeed

Algal PasteAlgal Paste 4747 66
NSBNSB 2222

Algal PasteAlgal Paste 4747 66

NoneNone 3939 00
Algal PasteAlgal Paste 7777 1717

CK1CK1 2626
Algal PasteAlgal Paste 7777 1717

NoneNone 5050 99

*NSB = Day 21
CK1 = Day 28



Remote Setting Field TrialsRemote Setting Field Trials
Spring 2001Spring 2001

SiteSite DatesDates DaysDays
ManagementManagement

ShipShip FeedFeed
(hrs)(hrs)

HATHAT
Apr25Apr25––Jul5Jul5 7272 00

Live AlgaeLive AlgaeHATHAT Live AlgaeLive Algae
Apr26Apr26––Jul5Jul5 7171 2020

NSBNSB
Apr26Apr26––Jun14 Jun14 5050 22

Algal PasteAlgal PasteNSBNSB Algal PasteAlgal Paste
Apr26Apr26––Jun14Jun14 4949 2020

CK1CK1 Ap 26Ap 26 J l6J l6 7272 2020
Algal PasteAlgal Paste

CK1CK1 Apr26Apr26––Jul6Jul6 7272 2020
NoneNone



Remote Setting Field TrialsRemote Setting Field Trialsgg
Water Quality Water Quality -- Spring 2001Spring 2001

SiteSite Min TempMin Temp
((ooF)F)

Max TempMax Temp
((ooF)F)

SalinitySalinity
(ppt)(ppt)

Chlor Chlor aa
(µg/l)(µg/l)((ooF)F) ((ooF)F) (ppt)(ppt) (µg/l)(µg/l)

NSBNSB 71 971 9 ±± 1 81 8 77 477 4 ±± 5 75 7 37 637 6 ±± 2 52 5 8 48 4 ±± 6 06 0NSBNSB 71.9 71.9 ±± 1.81.8 77.4 77.4 ±± 5.75.7 37.6 37.6 ±± 2.52.5 8.4 8.4 ±± 6.06.0

CK1CK1 75.5 75.5 ±± 5.75.7 83.4 83.4 ±± 5.35.3 28.0 28.0 ±± 2.32.3 9.4 9.4 ±± 3.03.0



Remote Setting Field TrialsRemote Setting Field Trialsgg
Sieve Results Sieve Results -- Spring 2001Spring 2001
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Remote Setting Field TrialsRemote Setting Field Trialsgg
Production Results Production Results -- Spring 2001Spring 2001

ManagementManagement

SiteSite

ManagementManagement Survival to   Survival to   
11stst Sieve*Sieve*

(%)(%)

≥1mm Seed ≥1mm Seed 
ProductionProduction

(%)(%)
ShipShip FeedFeed

(%)(%) (%)(%)(hrs)(hrs)

HATHAT
00

Live AlgaeLive Algae
------ 7171

HATHAT Live AlgaeLive Algae
2020 ------ 5454

NSBNSB
22 Algal Algal 6767 1818

NSBNSB PastePaste2020 5050 1515
Algal Algal 
P tP t

6565 5454
CK1CK1 2020 PastePaste

NoneNone 5858 2525*NSB, CK1 = Day 
16



Remote Setting Field TrialsRemote Setting Field Trialsgg
Fall 2001Fall 2001

SiteSite DatesDates Da sDa s
ManagementManagement

ShiShi F dF dSiteSite DatesDates DaysDays ShipShip
(hrs)(hrs)

FeedFeed

2020 Al lAl l
NSBNSB Sep18 Sep18 –– Oct15Oct15 3737

2020 Algal Algal 
PastePaste

2020 Li AlLi Al2020 Live AlgaeLive Algae

CK2CK2 Sep18 Sep18 –– Nov3Nov3 5656 2020 Algal Algal 
PastePaste



Remote Setting Field TrialsRemote Setting Field Trialsgg
Sieve Results Sieve Results -- Fall 2001Fall 2001
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Remote Setting Field TrialsRemote Setting Field Trialsgg
Production Results Production Results -- Fall 2001Fall 2001

SiteSite

ManagementManagement
Survival to Survival to 
11stst Sieve*Sieve*

≥1mm Seed ≥1mm Seed 
ProductionProductionShipShip FeedFeedSiteSite 11stst Sieve*Sieve*

(%)(%)
ProductionProduction

(%)(%)
ShipShip
(hrs)(hrs)

FeedFeed

NSBNSB 2020
Algal PasteAlgal Paste 7070 1313

Live AlgaeLive Algae 8383 2222Live AlgaeLive Algae 8383 2222

CK2CK2 2020 Algal PasteAlgal Paste 8888 4141

*NSB Da 23*NSB = Day 23
CK2 = Day 12



Remote Setting Field TrialsRemote Setting Field Trialsgg
Water Quality Water Quality –– Fall 2001Fall 2001

SiteSite Min TempMin Temp
(( ))

Max TempMax Temp
(( ))

SalinitySalinity
( )( )

Chlor Chlor aa
( /l)( /l)((ooF)F) ((ooF)F) (ppt)(ppt) (µg/l)(µg/l)

NSBNSB 73.7 73.7 ±± 3.43.4 80.1 80.1 ±± 4.04.0 26.6 26.6 ±± 1.61.6 ------

CK2CK2 69.3 69.3 ±± 6.06.0 78.7 78.7 ±± 6.16.1 27.4 27.4 ±± 2.312.31 15.2 15.2 ±±
5.45.4



Remote Setting TechnologyRemote Setting Technologyg gyg gy
Economic AnalysisEconomic Analysis

•• Production assumptions Production assumptions 
for remote setting systemfor remote setting system
–– OneOne--tank systemtank systemOneOne tank systemtank system
–– Two runs per yearTwo runs per year
–– Stocking density Stocking density 

3 000 000 per run3 000 000 per run~3,000,000 per run~3,000,000 per run
–– Supplemental feeding   Supplemental feeding   

with algal pastewith algal paste
37% t 1 i37% t 1 i–– 37% to 1 mm size per run37% to 1 mm size per run



Initial Capital Investment RequirementsInitial Capital Investment Requirementsp qp q
OneOne--Tank Remote Setting SystemTank Remote Setting System

ItemItem CostCost
Fiberglass tank (250 gal) w/ support & plumbingFiberglass tank (250 gal) w/ support & plumbing $475$475
S d filtS d filt $200$200Sand filterSand filter $200$200
Bag filters and adapterBag filters and adapter $122$122
Air compressor w/ plumbing & accessoriesAir compressor w/ plumbing & accessories $360$360gg
WellersWellers $1,020$1,020
SievesSieves $120$120
Dissecting scopeDissecting scope $400$400Dissecting scopeDissecting scope $400$400
RefractometerRefractometer $165$165
Miscellaneous suppliesMiscellaneous supplies $145$145
TOTALTOTAL $3 007$3 007TOTALTOTAL $3,007$3,007



One & Two Annual Runs Operating CostsOne & Two Annual Runs Operating Costsp gp g
OneOne--Tank Remote Setting SystemTank Remote Setting System

ItemItem Units/RunUnits/Run $/Unit$/Unit
Runs per YearRuns per Year
OneOne TwoTwo

$$ $$ $$Algae pasteAlgae paste 1 L1 L $145/L$145/L $145$145 $290$290
Filter sandFilter sand 100 lbs100 lbs $5 / 50 lbs$5 / 50 lbs $10$10 $20$20
Filte g a elFilte g a el 25 lbs25 lbs $5 / 50 lbs$5 / 50 lbs $3$3 $6$6Filter gravelFilter gravel 25 lbs25 lbs $5 / 50 lbs$5 / 50 lbs $3$3 $6$6
Air valvesAir valves 1515 $1 ea$1 ea $15$15 $30$30
Air stonesAir stones 5050 $0 55 ea$0 55 ea $28$28 $56$56Air stonesAir stones 5050 $0.55 ea$0.55 ea $28$28 $56$56
Airline tubingAirline tubing 100’ coil100’ coil $13/coil$13/coil $13$13 $26$26
TOTALTOTAL $214$214 $428$428TOTALTOTAL $214$214 $428$428



Cost BudgetCost Budgetgg
OneOne--Tank Remote Setting SystemTank Remote Setting System

Runs per YearRuns per Year
ItemItem Units/RunUnits/Run $/Unit$/Unit

Runs per YearRuns per Year

OneOne TwoTwo

LarvaeLarvae 3 million3 million $125/million$125/million $375$375 $750$750

SuppliesSupplies $214$214 $428$428

LaborLabor 104 hrs104 hrs $5.15/hr$5.15/hr $536$536 $1,072$1,072

ElectricityElectricity 403 KwH403 KwH $0 085/KwH$0 085/KwH $34$34 $68$68ElectricityElectricity 403 KwH403 KwH $0.085/KwH$0.085/KwH $34$34 $68$68

DepreciationDepreciation $938$938 $938$938

TOTAL COSTTOTAL COST $2,097$2,097 $3,256$3,256TOTAL COSTTOTAL COST $2,097$2,097 $3,256$3,256

1 mm seed produced (37%l)1 mm seed produced (37%l) 1,110K1,110K 2,220K2,220K

Cost / 1000 seed (w/ labor)Cost / 1000 seed (w/ labor) $1.88$1.88 $1.47$1.47

Cost / 1000 seed (w/o labor)Cost / 1000 seed (w/o labor) $1.41$1.41 $0.97$0.97

Cost / 1000 seed to purchaseCost / 1000 seed to purchase $3.00$3.00 $3.00$3.00



Application of Remote Setting TechniquesApplication of Remote Setting Techniquespp g qpp g q
SummarySummary

•• Hard clam pediveliger    Hard clam pediveliger    
larvae refrigerated and larvae refrigerated and 
shipped up to 26 hours shipped up to 26 hours pp ppp p
without detrimental without detrimental 
effectseffects

•• Setting success not fullySetting success not fullySetting success not fully Setting success not fully 
determined, but survival determined, but survival 
estimated at first sieve estimated at first sieve 
exceeded 50%, rangingexceeded 50%, rangingexceeded 50%, ranging      exceeded 50%, ranging      
53 53 -- 80% per rearing trial80% per rearing trial

•• Production to a 1 mm Production to a 1 mm 
seed size averaged 20%seed size averaged 20%seed size averaged 20%, seed size averaged 20%, 
ranging  8 ranging  8 -- 28% per 28% per 
rearing trialrearing trial



Application of Remote Setting TechniquesApplication of Remote Setting Techniquespp g qpp g q
SummarySummary

•• Variability of results due Variability of results due 
to seed source, site to seed source, site 
location, and seasonlocation, and season

•• Addition of food (cultured Addition of food (cultured 
algae or algal paste) algae or algal paste) 
necessary to achievenecessary to achievenecessary to achieve necessary to achieve 
adequate survival to 1 adequate survival to 1 
mm seed sizemm seed size

•• Technical procedures forTechnical procedures for•• Technical procedures for Technical procedures for 
remote setting hard remote setting hard 
clams were developed clams were developed 
and are not beyond theand are not beyond theand are not beyond the and are not beyond the 
capabilities of most capabilities of most 
nursery operatorsnursery operators



Application of Remote Setting TechniquesApplication of Remote Setting Techniquespp g qpp g q
SummarySummary

•• Potential cost savings basedPotential cost savings based•• Potential cost savings based Potential cost savings based 
on $3.00/1,000 1 mm seed:on $3.00/1,000 1 mm seed:
–– One run per yearOne run per year

•• 37% with labor37% with labor37% with labor37% with labor
•• 53% without labor53% without labor

–– Two runs per yearTwo runs per year
•• 51% with labor51% with labor51% with labor51% with labor
•• 67% without labor67% without labor

•• Remote setting of hard clams Remote setting of hard clams 
may be viable alternative may be viable alternative ay be ab e a te at eay be ab e a te at e
from a cost perspectivefrom a cost perspective



AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements

Industry Cooperators Industry Cooperators -- HatcheriesHatcheries::
–– SeaSea--Ag, Vero Beach, FLAg, Vero Beach, FL
–– Sea Perfect, Charleston, SCSea Perfect, Charleston, SC
–– Southern Sea Cross Farms, Merritt Island, FLSouthern Sea Cross Farms, Merritt Island, FL

I d t C tI d t C t N iN iIndustry Cooperators Industry Cooperators -- NurseriesNurseries::
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Cedar Creek Shellfish Farms New Smyrna BeachCedar Creek Shellfish Farms New Smyrna Beach–– Cedar Creek Shellfish Farms, New Smyrna Beach, Cedar Creek Shellfish Farms, New Smyrna Beach, 
FLFL

–– Cedar Key Raceways, Cedar Key, FLCedar Key Raceways, Cedar Key, FLy y , y,y y , y,
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