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ABSTRACT. Intemper ateregionsfreshwater prawn, Macrobrachium
rosenbergii , juvenilesarenursedtomoreadvancedsizes( =0.3g) inin-
door tanks, then trans ported to ponds for growout. Stress dur ing trans-
port can produce immediate mortality and undetected mortality after

pondstocking. Thisstudy wasdesignedtoeval uatetheef fect of biomass
density duringtransportinsealed contain erson pre-stock ing prawnsur -
vival. Ninerepli catesty rofoamtransport containerswereprepared. Each
con tained one dou ble bagged plastic bagwith 10 L of oxygen-saturated
22EC water with an at mo sphere of 10 L pure oxygen. Juvenileprawn
weighing 0.26x0.02 g (average weight £S.D.) were randomly stocked
intotransport containersat el ther 10, 25 or 50 g of prawn per li ter of wa
ter, then sealed for eight hours (maximum regional transport period).

There were three replicate transport containers per density. At eight

hours post-stocking, bags were opened, water quality determinations
werecon ducted, and liveand dead ani malsweresep arated and counted.

Total ammonia-nitrogen and un-ionized ammonia-nitrogen concentra:
tionsweresignifi cantly higher ( P =< 0.05) incontainersstocked at 50 g/L

thanincontainersstockedat ei ther 10or 25¢/L, whichwereasosignifi-
cantly dif ferent ( P = 0.05) fromeach other. Ni trite-ni trogen con centra-
tionsweresignif i cantly higher ( P = 0.05) for con tain ers stocked at 50
g/L than in those stocked at 10 g/L. How ever, ni triteconcentrationsin
containersstocked at 25 g/L werenot sig nif i cantly dif ferent ( P > 0.05)

fromcontainersstockedat other densi ties. Dissol vedox y genwassignif -
i cantly lower (P = 0.05) in transport contain ersstocked at 50 g/L (1.3
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mg/L) than those stocked at 25 g/L or 10 g/L (1.6 mg/L and 3.2 mg/L, re-
spectively),whichwereasosignifi cantly dif ferent( P =< 0.05). Sur viva
wassignifi cantly lower ( P = 0.05) intransport contain ersstocked at 50
o/L (86.6%) than in containers stocked at 25 g/L (93.0%) and 10 g/L
(97.2%), whichwerealsosignifi cantly dif ferent ( P =< 0.05). These data
indi catethat transport densi tiesgreater than 10g/L should beavoidedfor
transport = 8 hoursin sealed contain ers. [Ar ti clecopiesavail ablefor afee
from The Haworth Document Deliv ery Ser vice: 1-800-342-9678. E-mail ad-
dress. <getinfo@haworthpressinc.com> Website: <http://mmw.HaworthPress.
com> [ 2001 by The Haworth Press, Inc. All rightsre served.]
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INTRODUCTION

Intemper atecli matestheproductionof freshwater prawn, Macrobrachium
rosenbergii , in cludesthree phases: hatch ery, nursery and pond growout. Dur -
ingnursery production, freshwater prawnattainanav erageweight of 0.3-0.6g
in 40-60 days (D’ Abramo et a. 1989) prior to trans port to pondsfor growout.
Recently, prawn production in the south-central United States has been in -
creasing; how ever, thenumber of nurseries(suppli ersof juvenileprawns) sup-
plyingsev eral statesiscur rently very limited. Thismeansthat prawnjuveniles
may need to betransported long distancesfrom nursery facil i tiesto growout
ponds.

Poor survival during transport has been attributed to deteriorated water
gual ity and predationintransport contain ers (Smith and Wannamaker 1983;
Aliasand Sirgj 1988). Stressdur ing trans port may al so cause un seenmor tal i -
tiesaf ter prawnarestockedinto ponds. Sinceindi vidual pondstockingal loca-
tionsare usu aly deter mined before prawn aretrans ported to growout ponds,
mortal ity duringtransport, or undetected mor tal ity af ter stocking, canresultin
reduced pond stocking density and reduced pond production (Tidwell et al.
1996).

Variousmethodsof transportingliveprawnhavebeenusedincluding: open
containers (hauling trucks), sealed inflated plastic bags, and transport in
non-water envi ron mentsusingwet pack ing materi als(Joshi and Raje 1993).
Transporting prawn in plastic bagshasthead vantage of enabling producers
whodo not have special ized haul ing equip ment to pickupjuvenilesat nursery
facilities and transport them, insidetem per aturecontrolled vehi cles, totheir
ponds. Sty rofoamtransport containersarewidely usedintheor namental fish
industry. Withinthesecontainers, fishareplacedinpar tially-filled plasticbags
for ship mentsupto 24 hours. These contain ersarethe method of choiceinthe
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or namental fishindustry becausethey arelightweight, insulating, water tight,
durable, andinex pensive(Froese1998). How ever, for producerstoef fi ciently
uti lizethismodeof transport, al low ableden si tiesand transport timesmust be
established.

Rel atively few studieshavefocused onthesur vival of freshwater prawnju-
venilesduringtranspor tationtogrowout ponds. Stockingdensi tiesandassoci -
ated water quality in transport containers are important factors affecting
immediate and subsequent prawn survival. Smith and Wannamaker (1983)
successfully shipped6gjuvenilesinaer ated plasticbagsat 18 g/L for 24 hours
andreportedthat nei therincreased salinity norincreased sub stratebenefitted
sur vival. Har ri sonand Lutz (1980) re ported sur vival of juvenile prawnswas
in creased whenwater tem per aturewasreduced dur ing transport (17-23EC).
Smaller post-lar vae (0.01-0.1g) prawn aregen er ally shippedin plastic bagsat
densities of 1.5-4.5 g/L of shipping water (Smith and Wannamaker 1983).
Other pub lished re portsused 7-28 day ju venileswhich aretypi cally stocked
intogrowout pondsintropi cal ar eas, andfoundthat densi tiesof approxi mately
15 g/L resulted in sur viv als >90% af ter 6 and up to 12 hrs (Alias and Sirgj
1988).

Major dif fer enceshavebeenreportedregardingaccept ablebiomassdensi -
tiesand water qual ity tol er ancesof dif fer ent size prawns (Smith and Wanna-
maker 1991, Strausset al. 1991). Itisgen er aly ac cepted that aguaticani mals
aremoresen si tiveto de creasesin dissolved ox y gen and lesssen si tiveto the
toxicity of ni trog enouswasteprod ucts(particularly NH;) as size and age in -
crease. Thisisduepri marily tothedevel opmentof physi ologi cal detoxi fi cation
mechanismsandadecreaseinweight specificmetabolicrate(Gasca- Leyvaet
al. 1991; Strausset al. 1991).

Nopublishedstudieshavespecifi cally addressed theef fect of biomassden-
sity onthe40-60 day nursedjuveniles(0.3-0.5g), which aretypi cally stocked
ingrowout pondsin tem per ateregionsof the United States. Thisstudy wasde-
signed to eval u atethe ef fect of bio massden sity within sealed ship ping con-
tainersonwater qual ity and sur vival of 60 day nursed prawnjuvenilesduring
an eight hour transport period.

MATERIALS AND METHODS

Ninerepli catesty rofoamtransport containers(39cm X 39 cm X 25 cm)
were pre pared as they would be for prawn trans port from nurs ery to growout
ponds. Each contained aplasticbagfilledwith 10L of reservoirwaterunderan
at mo sphere of 10 L pure ox y gen. Thisbag was then sealed in side a sec ond
plastic bag. Baseline water quality values were: temperature, 21.8EC; dis-
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solvedoxy gen,5.2mg/L; ni trite-ni trogen, 0.02mg/L ; total anmonia-ni trogen
0.78 mg/L; un-ionizedammo nia-ni trogen 0.08 mg/L and pH 8.4.

Prawn were fasted for 24 hours prior to stock ing. Ju ve nile prawn (60 day
post-lar vae) weighing 0.26+0.02 g were then ran domly stocked at reg u lar 15
min utein ter valsinto each of ninetrans port contain ersat e ther 10, 25 or 50
gramsof prawnbio massper li ter of water. Thewater wassat urated (8.6 mg/L
at 22EC) withpureox y genprior toseal ingthebags. Therewerethreerepli cate
containersper treat ment (biomassdensity). At eight hourspost-stock ing (max-
i mumregional transport period), bagswere opened at cor responding 15min-
uteinter vals, water qual ity deter mi nationswereconducted, andliveand dead
ani malswereseparatedvi sually and counted.

Water temperature and dissolved oxygen were measured using a YS
Model 550xy genmeter (Y Sl Industries, Y el low Springs, Ohiol). Total anmo-
nia-ni tro gen and ni trite-ni tro gen were measured using aDREL 2000 spectro-
photometer (Hach Com pany, Loveland, Colorado); pH was mea sured with a
electronic pH meter (pH pen; Fisher Sci entific, Cincinnati, Ohio). Un-ionized
ammo niawascal culated asaper cent ageof total ammoniaac cordingtoBoyd
(1979).

Survival and water quality data were analyzed by analysis of variance
(ANOVA)usingSatistixverson4.1(Analyti ca Software, Ta lahassee, Florida) . If
ANOVA indicated significant treatment effects, Fisher’s Least Significant
Dif fer encetest (L SD) wasused to deter minedif fer encesamongmeans( P =
0.05). All per cent ageand ratio dataweretransformedtoarcsinval uesprior to
anal y sis(Zar 1984). Dataarepresenteduntransformedtofacil i tateinter preta-
tion.

RESULTS AND DISCUSSION

Total ammonia-nitrogenandun-ionizedammonia-ni trogenconcentrations
weresignifi cantly higher (P = 0.05) in contain ersstocked at 50 g/L thanin
containersstockedat el ther 10or 25g/L, whichwerealsosignif i cantly dif fer-
ent (P =0.05) (Tablel). Measured pH val ueswerenot signif i cantly dif fer ent
betweentreat ments( P>0.05) and av er aged 8.1 over all. Ni trite-ni trogenwas
significantlyhigher( P = 0.05) incontainersstocked at 50 g/L thanincontain-
ers stocked at 10 g/L. Nitriteconcentrationsin contain ersstocked at 25 g/L
were not significantlydifferent (P > 0.05) from containers stocked at other
densities(Tablel). Dissolvedoxy genconcentrationsdecreasedwithincreas-
ing prawn den sity and weresig nif i cantly lower ( P = 0.05) intrans port con-
tain ers stocked at 50 g/L (1.3 mg/L) than in those stocked at 25 g/L or 10 g/L
(1.6mg/L and 3.2mg/L, respectively) whichwerealsosig nif i cantly dif fer ent

1. Useof tradeor man ufacturer’ snamedoesnotim ply en dorse ment.
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TABLE 1. Prawn survival (%), dis solved oxy gen (mg/L), to talam mo nia (mg/L),
un-ionized ammonia (mg/L), nitrite (mg/L), and pH in transport containers
stocked at 10, 25, and 50 g/L for eight hours. Values are averagestS.D. of
three rep li cate con tain ers. Values in the same row fol lowed by dif fer ent were
significantlydifferent( P = 0.05).

Biomass Densities During Trans port

10 g/L 25 g/L 50 g/L
Survival (%) 97.2+0.2a 93.0+0.1b 86.6+2.1c
Dissolvedoxygen (mg/L) 3.1+0.1a 1.5+0.2b 1.3+0.1c
Totalammonia-nitrogen(mg/L) 3.740.3a 4.9+40.2b 6.7+0.9c
Un-ionizedammonia-nitrogen(mg/L) 0.23+0.05a  0.31+0.05b 0.40+0.09c
Nitrite-nitrogen(mg/L) 0.04+0.00a 0.12+0.11ab  0.23+0.07b
pH 8.1+0.1a 8.0+0.0a 8.0+0.1a

(P=0.05) (Tablel). Survival wassignifi cantly lower ( P < 0.05) intransport
containersstockedat 50 g/L (86.6%) than in those stocked at 25 g/L or 10 g/L
(93% and 97.2%, respectively) whichwerealsosignificantly dif ferent( P <
0.05) (Table1).

Af ter eight hoursof simulated ship ping condi tionsdissolved ox y gencon-
centrationsdecreased; wheretotal ammonia, un-ionizedammonia, andni trite
concentrationsin creased. Thishasbeen consistently ob servedin other trans-
port studies (Smith and Wannamaker et a. 1983; Alias and Sirgy 1988;
Vadhyar etal. 1992). Strausset a. (1991) deter mined that ju venilefreshwater
prawn couldtol er ateex po sureto>2 mg/L un-ionized ammo niaat apH of 8.5
for up to 72 hours. Armstrong et a. (1976) indi cated that post-lar vae prawn
could tolerate nitrite concentrations up to 1.8 mg/L. This indicates that de -
creased sur viv alsat the higher stock ing den sity inthisstudy werenot likely a
result of thetox icity of ni trog enouscom poundsas measured NH,concentra-
tionswerenot consideredlethal at thepH andtem per atureval uesinthisstudy.

New (1990) indi cated that sur vival intransport of M. rosenbergii is more
closely relatedtodecreased dissolved ox y genlevel thanany other water qual -
ity vari able. Al though, adult M. rosenbergii cantol eratedissolvedoxygenlev-
els as low as 1 mg/L for short time periods (Avault 1987), the dissolved
OX Y genconcentrationsmeasuredintransport contain ersstocked at 50 and 25
o/L (<2 mg/L) may represent stressful conditions for juvenile freshwater
prawn (D’Abramoet al. 1989). Also, whenap ply ingthesedatato practice, itis
essential tounder standthat in creasesinwater tem per aturesdur ingtransport
could increaseox y genconsumptionand ni trogenex cretionrates (Chenand



62 JOURNAL OF APPLIED AQUACULTURE

Kou 1996), further reducing acceptable biomass densities and/or transport
times.

Vadhyar eta. (1992) reported 100%survival atbiomassdensi tiessimi larto
the low stocking density in this study (10 g/L) and 87% survival for those
stocked at approximately 20 g/L when transporting smaller, 10-15 day old,
postlarvaefor 6 hours. Smith and Wannamaker (1983) re ported 100% sur vival
for 6 gjuvenilesstocked at 18 g/L for 8 hourswith no mention of ad verse af -
fects on water quality. How ever, the smaller prawn used in this study have
higher oxy genconsumptionrates.

Todeter minethemost economi cal transport density, “real costs’ forindi-
vidual juveniles stocked live into growout ponds were computed and com -
pared by consideringthecost of stocker prawn, transport containers, labor, and
survival. Real cost cal culationswerebased onastock ingtar get of 10,000total
prawn, acost of $0.10 per ju ve nile prawn, a cost of $10.00 for each ship ping
container (whichincludespack inglabor), and the 97%, 93% and 87% sur viv -
alsobtainedunderthe10g/L, 25¢/L, and 50 g/L transport den i ties, re spec-
tively. Redl costswerecal culatedtobe$0.114/indi vid ua for prawntransported
at 25¢g/L,$0.117/indi vid ual for prawntransported at 10g/L, and $0.118/indi -
vid ual for prawntrans ported at 50 g/L .

Whiletheseeco nomicdataindi catethat transporting at 25 g/L hasthelow -
est cost per individual prawn, water quality and survival data indicate thet
stocking densities greater than 10 g/L, for durationsin ex cessof 8 hoursin
sealedcontainers, may resultindeteri oratedwater qual ity and stressful condi -
tionsfortransported prawn. Thisstudy did not quantify delayed mor tal ity af ter
pondstocking, whichcouldbesignifi cant. Futurestudiesshoulddeter minede-
layedmortal ity 5-7 daysfol lowingthesimulated transport condi tionstomore
accurately deter minetransport successandprof itabil ity. Addi tional research
shouldal sobeconductedtodeter minemeth odstoincreasetransportdensi ties
andtimesincluding: fur ther reducingwater tem per atures, increasedvol umes
of pureoxy genat mo spheres, uti li zation of substratemateri al's, and theuseof
ammoniaabsor bentmateri als,andanesthetics.
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