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CLUTCH S］ZE ANDINCUBATION TEMPERATURES  

OF GREEN TURTLE EGGS  

Liew，H．C∴K．Tatsukawa2，S．L．Chanl，  
E．H．Cllanl，M．Charuchinda3，K．LbraMm4   
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ABSTRACT  

SinceclutchsizeofseatuTtleeggs，through metabolicheating，CanafFectincubationtemperatures，aStudy  
wasconductedonRedanglsland，Malaysiatolookintothemagnitudeofthiseffectanditspossibleinfluenceonsex  
determinationofhatchlingsr Miniatureself－reCOrdingtemperatureloggerswereusedtomonitortheincubation  
temperaturesofrelocatedgreenturtlenestswithO15125，50，75．andlOOeggsat60cmdepth・lncubation  
temperatureswerenotconstantbutchangeddependingonweatherlSeaSOn・Periodofincubationandc［utchsize・  
ThedifferentialeffectsofmetabolicheatingonnesttemperatureduetocIutchsizeonIybecameevidentafterthe  
f［rSt－thiTd ofincubation．Theseeffectsincrease astheincubation progresses untilhatching・Metabolicheating  
effectsweregreaterinlargercEutchesconlParedtosma”erclutchsizesLlncubationtemperaturereachedits  
maximumafterapproximately45daysofincubation・Clutchsizecanhaveas■gnificantimpactonincubation  
temperaturethroughmetabo■icheatingbutmaynotnecessa「■lyin仙ences■gni¶cantIythesexratiooutputofhatchlings・  

lNTROロリCT10N  

lncubationtemperaturesofseaturtleeggshave  

PrOfoundimpI．cationsonthesurvivalofthepopulation  

since sexuaL differentiation ofsea turtles arelargely  

determined byincubationtemperatures・Accordingto  

MrosovskyandYntema（1980），aChangeofl－20ccan  

make a considerab－edifferencetothe sex ratio ofthe  

hatchlings・Therearenumerousfactorsthatcanaffect  

thetemperatureoftheincubatingturtleeggs ranglng  

fromclimate，Sandandbeachcharacteristic，Vegetation，  

waterLtab］e and metabolic heating from the eggs  

themselves．Somerecentstudieshavebeenconducted  

tolookintotheeffectofmetabdicheatingonincubating  

eggsthoughconclusionsvaried・Godleyetal・（2001）  

reportedthatthelevelofmetaboLicheatingvaried  

TTIarkedLythroughouttheincubationperiodwithlevels  

beingslgnificantlyhigherintheflnalthirdofincubation・  

Brodericketal．（2001）foundmetaboIicheatingcancause  

achangeintempeTaturebetweenO・07－2・86Ocwithin  

nestsandcouIdcauseaTISeOfupto30％intheproportion  

offemales．However，Booth and Asti］l（2001）did not  

ヒ桧Iievemetabolichea帥gtohavemuche鮎donhatchlingsex  

ratiobecausetheyoccurmainLyafterthesex－detelTTlining  

period・Thisstudywasconductedtolookintotheeffect  

ofclutch size andits effectonincubation temperatures  

forgreenturtleeggsincubatedatthebeachesofRedang  

lsland，lt！rengganu．Malaysla・  

MATERIALSANDMETHOt）S  

Thisstudywasconductedontwogreenturtle  
nestingbeachesinRedangLsland，ltLrengganu・Malaysla  
（5049’N，103001’E）fromMaytoOctober2002・Though  
fourspeciesofseaturtIesareknowntonestonMalayslan   
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Shores，OnIythegreen and hawksbirlturtlestillneston  

ChagarHutangandMakKepitbeachonRedanglsland．  

thetwobeacheswherethisexperimentwasconducted．  

FreshlyIaidgreenturtlenestswereexcavatedimmediately  

afteroviposition and placedin a crean pailwith some  

Sandbeforetranspor［ingthemcarefullytotheexperimental  

rerocation site．Theeggsweredividedinto different  

CIutch sizes of5，25．50，75andlOO per c［utch and  

reburiedforming a rhg equaldistance（1－1，5m）apart  

andatdepths of60cmtothecenterofeach clutch．A  

temperaturedatalogger（StowAway（r）Tidbit（r））ispraced  

atthe centerofeach clutch tolog the temperatureof  

eachnestat2hourlyintervalsthroughoutthedurationof  

incubation．AtemperatureEoggerwasalsoplacedinthe  

CenterOftheringofeggc］utcheswithoutanyeggsasa  

COntrOE．Attheendoftheincubationwhenthehatchlings  

haveemerged，theeggswereexcavatedtodetermine  

the hatchingsuccessandto retrievethetemperatL［re  

lDggerS．Thetemperatureandtimedataweredownloaded  

usingtheBoxCarPro4softwaresuppliedwiththeloggers．  

Thetemperaturedatawastrimmedtothedatesofactuar  

incubation before the analysIS．  

bythe differentegg cFutches were plotted agalnStthe  

COnbT）Iwithnoeggs．Figure3showsthemeantemperature  

difference caused by metabolic heating as a resuLt of  

VaryingcIutchsizes．Itcanbeseenthatmetabolicheating  

doesnotcomeintoeffectintheflrSt20daysofincubation，  

Followlngthis，thetemperaturewillclimbsteadilyreaching  

apeakaround45daysandthendeclinessteadi［yasthe  

babyturtleshatchandclimbsawayfromtheremainlng  

eggstothesurface．Thedegreeoftemperatureriseis  

Clea「lyrelatedtoclutchsizewheretheFa「gerthecrutch，  

the greaterthe temperature rises．ThelOO egg cIutch  

cancauseanincreaseintemperatureofupto2．5Oc．  

However．highesttemperaturesare reached ata stage  

When the hatchlings are we”－foTmed，Wellintothelast  

thirdofincubation，Duringthemiddlethirdofincubation，  

theinfluenceofmetabolicheatingonnesttemperatures  

WaS］USt the beginnlng．By the time the embryDnic  

deve10PmentaPPrOaChestheendofthemiddlethi「d．the  

tempe一頭ureincreasewasbetweenl－1・50c・■fwepresume  

thatthesexofthehatchlirLgSareWe”difFerentiatedbythat  

time，then metabolicheating would havelittle effecton  

hatchringsexratioasproposedbyBoothandAstill（2001）．  

Nevertheless．Broder［CketaI，（2001）estlmatedthatrTletaboIic  

heatingaccountedforarTSeOfupto30％inthepropo止ion  

OffemalesproducedinthegreenturtFesattheAscension  

Jsland．  

1nthisexperiment，there10Catednestshadclutch  

Sizes rangrngfrom5eggstolOO eggs．The normaE  

ClutchsizesforthegreenturtlesinRedanglslandaverage  

aroundlOOeggswith about50％ofthem having more  

thanlOO eggs．Thus，the average metaboIic heating  

effectsin a normalgreen turtle nestwould be much  

higherthan reported here．Thereis hence a need to  

deteminethemetablicheat（nge能ctsinnomalcrutch－Sized  

neststogrveabetterpicture．1tisstillnotcEearexact［y  

Whenduringthemiddrethirdofincubationsexualdiffer－  

entiationoccurs．The15－20daysofthemiddlethirdof  

incubationistoorough．Thereishencealsoaneedto  

determine more p「ecisely the sexualdifferentiation  

PrOCeSSandtheexacttimeorstageofdeve［opmentit  

OCCurS before onecan assesstheimpactofmetabo［ic  

heatingon sexratiooutput．Direct measurementsof  

heatgenerationfromdeveloplngeggSWOuldgiveg「eater  

insightstothisphenomenaandhelpdeveloptheoretical  

modeIsrelatingtofactorsinfluenclnglnCubationtempera－  

tures anditsimpacton sexratiooutputfrom nesting  

beaches．   

RESULJSANDDISCUSSION  

FourrepllCateSetSOfexperimentwereconducted】  

three at Chagar Hutang beach and one at Mak Kepit 

beach，DuetotechnicaIerrorssomeofthetemperature  

loggersinMakKepitfairedtoglVeanydatahencewere  

not analysed．Hatching success from the clutches  

rangedwidelyfrom12％－100％（lbblel）．Average  

hatchingsuccesswasaround75％withgreatervariations  

hlthe25and50egg clutches，rOWeStin thelOO egg  

Clutches（Fig．1）．WewereunabletodetectanycorreFation  

between hatching successand clutch sizein thisstudy  

because ofthe wide variationin hatching success  

CauSed by variousfactors．  

Temperatures in the nests were generally very 

stab■eshow■ngVery■itt■edai■yvariationsof］essthanlOc  

COmParedtoairtemperaturestakenintheshadewhich  

f．uctuatebetween5－8ロcdaily（Fig．2），However，ma］or  

temperaturechangesaffectingalltheclutchessimulta－  

neouslydooccur，WhichispresumablyenvironmentaIin  

nature．CertainactivitiesonthebeachFikethepresence  

of crab burrows can exert some effect on the nest  

temperaturetoD，CauSlngthemtofluctuatetoa greater  

degreeintandenlWithairtemperature．Resultsfromthe  

three repllCateS COnducted jn Chagar Hutang beach  

WereCOnlbinedandthemeantemperaturechangecaused  
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Tablel．Summary ofbasic results obtainedfrom the relocated egg clutches．  

（CH＝Chagar Hutang beach，MK＝Mak Kepit beacll）  

5e9gClutch  

Locaづ0日  

D8teincubated  

lncubat†onpe「iod  

Numberofeggshatched  

H釦Chin9SUCCeSS  

25e⊆柑ChJtCh  

しOCat∈on  

D8te†ncubated  

】ncubationperl∝】  

Numbe「ofeggshatched  

Hatchi咽SUCCeSS  

50eg⊆IC山tch  

Locat」0n  

Dateincub8ted  

lncubationper【0〔l  

Numbe「0†eggshatched  

Hatching success 

75e⊆柑Clutch  

し0ぐatT〔In  

D∂tOincubate（】  

lncubat－0nPerlOd  

Numbe「ofe9gShatched  

Hatchingsuccess  

100eggclutch  

Location  

Dateincubated  

lncubaぬnpe「巨Dd  

Numbe「0†e99Sh8lched  

Hatching success 
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