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"~ Abstract

Although the introduction of Pacific whiteleg shrimp (Litopenaeus vannamei)

- for aguaculture may alleviate existing crisis for black tiger prawn (Penaeus monodon)
aquaculture, the releases of this species into the wild may negatively impact local
biodiversity. Important ecological interactions though which whiteleg shrimp can
negatively affect local biodiversity include predator avoidance and competition for
space and food. This study thereforé, examined whiteleg shrimp’s behavior to avoid
predators and compete for food and space compared to local shrimp species, banana
prawn (Penaeus merguiensis), black tiger prawn (P. monodon) and Metapeneas sp., in
microcosms (20 L aquaria and 65 L tanks). We also investigated the outcomes of -
predation and space/food competition. The aquaria experiments (no predator)
suggested that Pacific whiteleg shrimp were active swimmers, similar to banana prawn
obtained from the wild and black tiger prawn cultured in hatchery. In the two-species
aquaria experiments (whiteleg shrimp and a local species), the swimming and walking
activities of the whiteleg shrimp increased from the single species experiments
(proportion of individuals with the activities above the median values increased from
0.23 to 0.38), but those of all other local species was substantially reduced (p<0.05,
non-parametric rank tests). A

In both single- and two-species experiments, the presence of predator (Asian
seabass, Lates calcarifer) significantly reduced swimming and walking activities of all
species, including whiteleg shrimp, banana prawn, black tiger prawn and
Metapeneaeus sp. The predator successfully captured higher number of whiteleg
shrimp compared to black tiger prawn, but the numbers did not differ between
whiteleg shrimp and the other two species. However, predator attacked whiteleg
shrimp at a higher rate than other local species. In the tank experiments (whiteleg
shrimp and banana prawn), the survival of one or both species was significantly
reduced when a predator was present (p<0.05). However, the various substrate types,
shrimp densities, refuge coverage levels and turbidity levels did not affect survival of
both shrimp species. However, in the substrate experiment, the survival of banana
prawn was lower that that of whiteleg shrimp (p<0.05).

Whiteleg shrimp consumed similar types and proportion of natural diets to
banana prawn. We found five diet types in similar proportions in stomachs of wild-
caught whiteleg shrimp and banana prawn. Diet types included polycheates
(represented by their setae), tissue remains, phytoplankton, small crustaceans (parts)

- and plant remains. In addition, we found substantial amount of gravel in the stomachs
of both species (16.62-60.19 percent of the total diet volume). In the aquaria food

competition experiments, whiteleg shrimp showed consistently higher specific growth




rates (% weight per day, SGR) than banana prawn across all experiment groups, both
intra- and interspecific competition settings (whiteleg shrimp SGR = 1.08 -1.75% g per
dSy; banana prawn SGR = 0.28-0.91 % g per day). Banana prawn, on the other hand,
showed growth rate reduction in the presence of whiteleg shrimp in two settings, 3 to
3 and 1 to 3 ratios of whiteleg shrimp and banana prawn.

Our results suggests that Pacific whiteleg shrimp has several characteristics
* facilitating its survival in the wild. This species underwent a similar predation pressure
compared to local shrimp species, and it could utilize existing resources in a similar
manner to the local shrimp species. In addition, it may have an advahtage over
competition (both intra and interspecific competition) compared to banana prawn.
Predation is probably not a major constraint to population establishment of a feral
population. '

Keywords: Alien species, Pacific whiteleg shrimp, Litopenaeus vannamei, ecological
risks assessment
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i dadeu (parasitic)  wgstladeninudndulunssseadinuazunsvenewus
(competition) uway mimau%mv"v’uﬁ: (hybridization)
nadulisunnanuduiusivalonaviliiAananssnunnaasegauas
Py 1 ' R Y o ) . = : o & <
fawnden Wulunsdlfaumginda (Mysis relicta) Munsvergiugegsimsiluuay
UszimAaunuRluiY Aneliifinanimeaisermsunniiuly (eutrophication) tlissainds
wetuLwasnreudniluviunann vlinsesudvinveunasineufsvinnis
AN (Jansson, 2000) ﬁaﬂiﬁﬂammmg zebra mussel (Dreissena polymorpha).
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- fiu (O’Neill, 1997)
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(LﬂuﬂalﬂmuquﬁﬁmqunLLﬂ%Wﬂ’Luﬁﬁmmﬁ; Coen et al, 1981) uag
ArmAIsalunTuAsLEmneInseIs uas wudl (Belvioglddviell) Ausiie
IgFaussiuiifadudan Wesmnfumudie wasdmeiananseiin) awisaduevis
Ifvannvanend (omnivores) saudfududniniAunazunasinoudnd  uwasinou
[ LAWY way wWwwn (Panutrakul et al., 2010; Marte, 1980) f"quunl,l,ﬂ%?\lﬂ%thﬁflﬁ
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s

aduiug  vie niswandruvde (@nasenisiiindiuiu) walasanisidediliden

ed_

s

Uduiusuredsensiniu esomdulfduiusiinisvaasdduszuuiinaiiass

3

noudauiiazieuauduaielddlusedunis luszozanitbiunmin - ddu
Ufduiusauq Sududeddnisoonuuunsfnuniiuandreiusenly
Fnihitidnuaeiifasvasddmiunsmeidsdniin vieRanssunsuseudy
fraamile vieaniini ordudeiineliifanademeredaiFisluiviaduly
seezel Wwulanila (Oreochromis niloticus) Tuunausswe (De Silva, 1989) w38 g
Udey nile perch (Lates sp.) Tunsiaavianae lanslviinanudemeseniny
yennvanemedanmvemeaainneidsestesadiuadild Tnevawdndldviharendu
Uasziam Cichlidae  dafuvawiesdudifinrumarnvansmadinmgauaziiowsly
velauiane3eil (endemic species) auiflouviia (Useana 200 wile) reliiia
wansynusaiiloseyuruyUsTIseUsaaT (Craig, 2002) asdsvefiinduain
m‘sqns'm‘uaaé’m'ivi'mﬁuawﬁmms;uLLiaﬁq%uﬁﬁﬂﬁﬂwmﬂié’miﬁ'\ﬁaaf‘iuqmﬁuﬁ: w39
frnasadndes  situegdnunslumsuiui  wasdswiniuguedadiFiasetuly
anmiindeuln LLasé’ﬂwmsLawwxmaaﬂu%uﬁqﬁ%maumdqﬁflﬁu6] (Kolar and
Lodge, 2002; McMahon, 2002; Moyle and Light, 1996; With, 2002)
ﬁﬁ’i@hxﬁﬁluﬁﬂiuﬁuﬂ'.l’]llﬁ']L%ﬂum’iiﬂ‘i’]mmﬁﬁ‘j’l \u zebra mussel &adl
anwmumwafmmmaamamsWuWUsumﬂiammmswawwmmawmamwlu
mngaufunsesedinlussasdy Wy mmmmm‘lummaﬂanﬂiaavum6] wag
annsoduiuglaiss Faduunensdlimuddynit armawsalunisnaniusients



Wasuwlasanmwinaaulugaandne (McMahon, 2002) usnandadev1sdrineiuan
Fnwnizvesdmiuazyurudndin)  dnvaeniinmenwiazedniinaseussdndaiwnng
WWINSERy  With  (2002)  inu1enavas E‘ULL‘UUmammdaﬁaémﬁ'ﬂmjuas Ag
WWsNIEABYeIdnIn1edu tneld simulation waznuIgnIa1adulinulduay

[l 2 1l 1 [y telal @ & [ [~ o
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Naeq via ﬁﬂﬁu%‘m@ﬂimme uwae fiaug flan 1 nsunuan wwndey
1od astimuindnlunisundemsnenns waz unasemis wag nsdwansenu
Fuiiles WunswWisuwlasanzveaunaai
Fniusziandwunfassinginssuunteanineinslidiazniue s (eq,
Panutrakul et al,, 2007) %38 {WJuunaanaudau (Rossong et al., 2006) AR
ningnsiafazilonaedsenldd  nisunsudmsneinsenadululdluguves
anuasalunisldnsnennslauinuasisa (exploitative  competition; Byers,
2000) w3e fngfnssufitavinenisldnsnensvesdnivindu (intérference
Competition) '
uenandl nsUsInguesdeysnsdudidimanssnuduides Wy Grosholz
(2005) wud'm'mﬁw‘z'?u%qq European green crab (Carcinus maemas) #ududn?
#nsAures Bodega Habor $suadvasiily Ussinaavszouism vhlvussunsveames
Gemma sgemma Fufudniidudnedaniiafiniuegsings  nsmaaesly
szuvilnadiaes 1411 wanaivhlfnesduduinduiuedunniitudiedy fin
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G. gemma Feaunsadinsuaulfedanagi
foa:gaLﬁ'mﬁ’umsﬂssLﬁuwaﬂsswwmr‘jﬂmaLLU%WﬂdaﬁqﬁuLﬁawmlm flagjuna
PNUHUATITE LUIMNNITIANITMIZLABRINT (Litopenaeus vannamei)  Tu
szuvlinauithunstens wagweilmzianiansusen (umsatuayuudsyann
ANAUTNTIUNNTITOUUIYR T A, 2548-2550; 15197} 2.1)  usdaldiieanesonis
Ussiiumnudeseraduseuu
msimnedesdriiuiufansnmils Amsedoudredaitnnuvadiegends
Feshiluuvanmeidesdnithiug vosadiitdnidhssfumaringrasnainuvas
waLﬁyﬂamqil,mdqgwmmssuma Tuunansdidaihanadumenildasadgumsiing
warmaasugivegausuduandla (Naylor et al., 2001; Naylor et al., 2005; De Silva
et al,, 2006; Gozlan, 2008) Taenansenuandaftnanstul enaifntusuaudius
sewidnisdufudditiniosiu Feenaifildvaraguuuy wu mmdiusiuuga
fgna (predator-prey) fah druey (parasitic) n1suaugetladeifinrudiduluns
M59TIn wazunsveewus (competition) LWy ASUAILEIDMNT LLamedqﬁagjmﬁa
LLasmﬁ]Lﬁﬂm‘smﬂu%’mﬁuéiwdwé’miﬁmNa'uﬁuﬁmiﬁwﬁmﬁmﬁﬁﬁuqﬂﬁu‘Lﬂé’L?jmﬁ’u



(hybridization) &n SfTlEnuae iR QUiuﬁ\‘iﬂ’dTﬁi‘Uﬂ’ﬁLW’lmaEl\'iﬁﬁ]’é‘lﬂ W30AINTIUNTS
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UIMTRAaNTaLdNEa
awnsldiSnindaiestu Tu
GHUPBLATI RGN
wuieneshaa (Wossdud
JumzeafunuUdie) lu
fessnndvnadedingiaaoy
Honoiinulusssunis]
gun1sal Tureggudegeni
Tunary

FaEN9B9SIBTURANSENUNIAINAR T A9 TakA nsdlnisiadaudne
Yanfia (Oreochromis niloticus) IMNDLBFLANETINYIA U2 R Baz N UNANES
YaurasuluraeLrasianilan (Pullin et al,, 1997; Fuller et al., 1999; Canonico




et al., 2005; GISP, 2007) anmﬁmﬁﬁwdaﬁagjmﬁ’smuﬁﬁmnﬁu%nmmau’lé’mjﬁ"’ﬂué
uazwsitmeilng furnreaivuenin Menuranssnureslatlafiiudn tEud ms
tudwadialuitenmaimizides wardunnnslunzsaauvaiswidunivueninm wu
MNgLaaIU Victoria, Chicamba wae Kariba wasishiuieans Wy Limpopo way
Zambezi {usu Feundsinvariduiiedevesuaniestulufdaientutulania
(Oreochromis) Aiflrudrdgmaasugianatsviin wdwnmsidaiaions
iiAns wuilaiesiumaniiand et suusviiafougaiug (GISP,
2007) nalavmsfinafiordelivarianaiedudiviamiu e1asamfentsuraugauvdsil
ago1fe uvaasld fudanieadiu wasnswdsudnuasundsiiogonds Tnanshufiah
funngluuasiniy luviinadinn  vensnivandadsanunsonasdrandaiua
%ﬁm%‘ﬂuﬁﬁ'ﬁ Oreochromis 'l (Canonico et al., 2005)

n1sUase nile perch (Lates sp.) Tunzlaanuianeiie lanaliiAsadane
Remnuanvaensiinnvemeiaduianedeedssudiuadld  Tneuawiadld
vhanenguuaiussian Cichlidae daduvaniiesiuiifimnuvainvanevnsdanwgauasl
awslunsiaanuianeded (endemic species) awifieunun (Uszanar 200 wile)
rel¥iAnnansenusaloseymurUszusseunziaany (Craig, 2002) Aundemed
Wntuanmsgnugesdaiisduanaiinnuguusdaduiivhliseonsdaiiioiugny
Wug vdednafivadniios iituogdnuaslunisuiud wasdsusiniuduesdedliineg
fuluanmuandenlnl uardnunsamnevosusudsditinvesmdsiniug (Kolar and
Lodge, 2002; McMahon, 2002; Moyle and Light, 1996; With, 2002)

sninethmiwemansynuiiinanmstindndafiheinedu 16un nsdlueanisth
nosuNITNLUTWN (Pacific oyster; Crassostrea gigas) Fudunestnesufiuiiesin
Uszinadiu Wimzidsduwdaimansundsialan wu lulssiresansided
Commonwealth Scientific and Industrial Research Organization (CSIRO) o ves
nasuUdinlunaaesissfimeunannds Tusewined aa. 1940-1950 i ntuves
nesuTinfinsuwsteeiusluwEnsTAveeansdseguma ewn
Hudmithilaruanliwazdnnmasdydulags aluiigaesunssuuu@inldugwmas
flogjonde vowesunsuiulesifley 2 viiafie C. commerdialis uas Saccostrea
commercialis (Pollard, 1990) uanani M@EJU']Q‘éiJLLU%WﬂETQQﬂﬁ’]L‘ﬁ’]Lﬁ‘aﬂWSLW’]&’,LgEN
Tudssinausesuans diaea wazdnvaneusumeluglsy ievaunuvesunesniug
fudlosfiansrunaednaduideninmsvhusssaiudnenmnsedn Tutaqiu
esuesARndinsnssneegiausmeilmeavensamaueiidluaufimeau-
e ssiiou uazielhiiadgmiumsudsiledandufuvesaesviusiudios uazdminii
Auduq dealimnmainviangvesdnitinfiuiiosanas (Reise, 1998; Smaal et al,,
2005) ’ .
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Furunculosis %GLﬁﬁﬁnm‘%’a Aeromonas salmonicida Iﬂaﬂmmmﬁﬁam‘%ﬂiﬂﬁlzﬂﬂ
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