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AbstractThaimedakawerecollectedfrom 10

localitiesinthesuburbsofBangkok,Thailand.
Thesexratios(maletofemale)werealmost1:1
inlocalities1,2,4,5,7,and9andseemedtobe

normal.Incontrast,inlocalities3,6,8,and10,

thesexratioswereunbalanced;theywere1:2.9,
1:3.4,1:3.0,and1:2.8,respectively.Furthermore,

irrespectiveofthenormalorabnormalsexratios,

manyindividualswhosemorphologlCalcharac-
teristicsdidnotidentifythemasmalesorfemales

werefound･Theindexesshowlngthesecondary
sexcharactersofthesex-undeterminableindividu-

als,namely,thevalues(%)ofdorsalfinheight
(HD)dividedbystandardlength(SL)andanal

finheight(HA)dividedbySLwerebetweenthe
valuesofnormalmalesandnormalfemales.From

thesedimentoftwopondsinwhichthesexratio
wasunbalanced,alowlevelofDDTwasdetected.

Althoughnohermaphroditegonadswerehist0-

10glCallyfoundfrom thosesex-undeterminable
individuals,itmaybenotedthatthenumberof
individualswhichhadtesteswasalmosttwicethat

ofthosewithovaries.Takingtheseresultsinto
considerations,itissurmisedthatsomefeminiz-

1ngStressesmaybetrlggeredinmalesoftheThai

medaka,probablybyartificialchemicals.

Introduction

Recently,intersexorhermaphroditeindividuals

havebeenreportedfrom wildfreshwaterenvi-

ronmentsofvariousreglOnSOfEurope;example
includegudgeon(Gobiogobio),stickleback
(Gasterosteusaculeatus),andbarbel(Barbus

sp･)(vanAerleetal･,2001;GerckenandSordyl,
2002;Viganoetall,2001,2006)･Bjerregaardet
al.(2005)indicatedthat,inDenmark,inthewild

roach(Rutilusrutilus)inhabitingstreamsreceivl
lngSewageeffluent,theratesofintersexindividu-

alsareacutelyincreased･Kavanaghetal.(2004)
notedthat,inCanada,whiteperch(Morone
americana)from thelowerGreatLakesregion

hadtestesincludingovain8individualsof16
malesexamined.Furthermore,Liangetal.(2005)

foundthat,inwildarmoredcatfish(Liposarcus

multiradiatus)inhabitingtheKaopingRiverof
Taiwan,thesexratioofmalestofemalesshifted

abnormallyto1:2.4.Insummary,invarious
freshwaterteleosts,abnormalsexratiosandinter-
Sexindividualshavebeenobservedworldwide.

Thaimedaka,OryzlaSminutillus,arewidely
distributedinThailand(Smith,1945).Thehabi-

tatsofthisspeciesareshallowponds,ditches,

andpaddyfields(Magtoonetal.,1992).Ingen-
eral,thesexofspecieswhichbelongtothegenus
OryzlaSCanbedistinguishedbythesecondary
sexcharactersoftheirfins(OkadaandYamashita,
1944).Thedorsalandanalfinsofthemaleare

usuallylongerthanthoseofthefemale.

Inthisstudy,thesexratioandmorphometry
ofthefincharactersofawildpopulationofThai
medakainhabitingsuburbsofBangkok,Thailand,
wereexamined.

MaterialsandMethods

Allindividualswerecapturedwithhandnetsin
10localitiesoftwoProvincesofPathumthaniand

RatchaburinearBangkok,Thailand,onOctober
2004.Thosefishwerepreservedina5%forma1-

dehydesolution.
Thedistinctionofthesexofeachindividual

wasconductedaccordingtothecriteriaofthe

secondarysexcharactersofthefinsofJapanese
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medaka(Oryziaslatipes)(OkadaandYamashita,

1944).Thefinswereobservedunderadissecting

microscope(SMZIOOO:NikonlnstechCo.,Ltd.,
Japan).
Immatureindividualslessthanllmm in

standardlengthwerenotusedinthisstudy.Only

adultslargerthanllmm wereincluded.After

determinationofthesex,thegonadsweredis-

sected,re-fixedinBouin'ssolutionfor12h,and

storedin70% ethanol.Thosespecimenswere

dehydrated,embeddedinparaffin,andsectioned

seriallyat6pm.Thesectionswerestainedwith

hematoxylinandeosintoconfirmthesexbyhis-

tologicalexaminationaswell.

Theheightandlengthofthedorsalandanal

finsweremeasureduslngadigitalcaliper.The

measurementwasconductedaccordingtoameth-

odofHabbsandLagler(1958)(Fig･1).

Fig.IMeasurementofdorsalandanalfins.HA:heightof
analfin;HD:heightofdorsalfin;SL:standardlength.

Ⅰnthisstudy,toevaluatethesecondarysexchar-

actersofthemaleandthefemale,thefollowing

calculationwasconducted.Thedorsalfinheight

(HD)wasdividedbythestandardlength(SL)and

multipliedbylOO･ThiswasdefinedastheHD/

SL%.Theanalfinheight(HA)wasdividedbythe

SLandmultipliedby100.ThiswastheHA/SL%.

Whileconductlngthisexamination,sex-undeteIL
minableindividualswerefound.TheHD/SL%

andHA/SL%Werecalculatedinthesefishaswell.

Theresultingvalueswerecomparedamongmales,
females,andsex-undeterminableindividuals.

Thepercentagesofsex-undeterminableindi-

vidualsoccupylngthepopulationwerecalculated

onthebasisofthefollowingformula:

Tbtalnumberof

Percentageof sex-undeterminable
sex-undeterminable Totalnumberofmales+

females+sex-undeterminable

XIOO

Inthisstudy,theDDTconcentrationwasexam-

inedin10localitiesuslngDDTinasoiltestkit

(EnviroGardTM TestKit,StrategicDiagnostics
lnc.,USA).

Alldatawerestatisticallyanalyzedusingsoft-

ware(SPSSvcr.12Inc.,USA).Forexaminingthe

slgnificanceofdifferences,theparametricone-

wayANOVA,andnonparametricchi-squared
wereadopted.

Results

Sexratioandpercentageofsex-undeterminable
individuals

Thesexratiosofmalestofemaleswerenor-

mal(almost1:1)inlocalities1,2,4,5,7and9.

Incontrast,thenumberoffemaleswasslgnifi-

cantlylargerthanthatofmalesinlocalities3,

6,8,and10(Chi-squaredtest,P<0.05).Sex-
undeterminableindividualswerefoundinall

localities,irrespectiveofthenormalorabnormal
sexratios(Table1).

Table 1. S exratiosofmalestofTemalesandpercentagesof sex-undeterminableindividuals

Numberofspecim ens Sexratio Percentage
loc a l . male female sex-undeter. male:female Sex-undeter.

1 73

2 27

3 7

4 80

5 52

6 5

7 21

8 5

9 10

10 6

93 26

39 8

20 5

101 18

58 15

17 6

16 2

15 4

9 5

17 5

1.0:1.3

1.0:1.4

1.0:2.9*

1.0:1.3

1.0:1.1

1.0:3.4*

1.3:1.0

1.0:3.0*

1.1:1.0

1.0:2.8*

*Significantlydifferentinthenumberbetweenmalesandfemales
(P<0.05)
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Table2･HD/SL%andHA/SL%amongmales,females,andsex-undeterminableindividuals

HD/SL% HA/SL%

Mean±SE Mean±SE

males

sex-undeterminable

individuals

females

20.2±0.3

15.6±0.1*

13.5±0.2

23.1±0.2

18.1±0.2*

15.7±0.2

*Significantlydifferentfromthevaluesofmalesandfemales(P<0.001)

Finmorphometry
Thedorsalfinofmaleswaslongerthanthatof

femalesandreachedthecaudalpeduncle(Fig.2A,
B).Theshapeoftheanalfinofmalesseemedto

beirregularlysquare(Fig.2A).Theanalfinof

femalesseemedtobemoresquare(Fig.2B).The
dorsalfinofsex-undeterminableindividualswas

shorterthanthatofmalebutlongerthanthatof

female(Fig.2C).Theanalfinofsex-undetermin-
ableindividualswassimilartothatofmalesin

shapebutsmallerinsize(Fig.2C).
ThevaluesofHD/SL% andHA/SL % of

maleswere20.2±0.3(Mean±SE)and23.1±

0.2,respectively(Table2).ThevaluesofHD/SL
%andHA/SL%offemaleswere13.5士0.2and

15･7±0.2,respectively.Thosevaluesinmales

wereslgnificantlylargerthanthoseoffemales

(one-wayANOVAtest,P<0.001).Thevaluesof
HD/SL% andHA/SL% ofsex-undeterminable

individualswere15･6±0･land18.1±0･2,respec-
tively･Thesevalueswerelargerthanthoseof
femalesbutsmallerthanthoseofmales.Bothval-

uesofsex-undeterminableindividualswereslgnif-

icantlydifferentfromthoseofmalesandfemales

(one-wayANOVAtest,P<0.001).

Gonadsofsex-undeterminableindividuals
Thetestesorovariesofsex-undeterminable

individualswerenotconspicuouslydifferenthist0-

10gicallyfromthoseofnormalmalesorfemales.

Testesincludingovawerenotobserved.Inthese
fish,however,thenumberofindividualswith

testeswaslargerthanthatofthosewithovaries

(Table3)inspiteofthefactthat,inlocalities3,6,

8,and10,thenumberoffemaleswaslargerthan
thatofmales(Table1).

DDTconcentrationsinthesoilofponds
DDTwasdetectedinlocalities3and6(each

O･2ppm),inwhichthesexratioswereabnormal.

19

Fig.2Characteristicsofthedorsalfin(arrow)andanalfin
(arrowhead).A,male;B,female;andC,sex-undeterminable.

Discussion

Inmosquitofish(Gambusiaajfinis)inhabitl
lngHawksbury-NepeanRiver,Australia,theanal

finofmalescollectedfromadischargepolntOf
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Table3.Numberofgonadsdeterminedastestesorovariesinthesex-undeterminableindividuals.

Numberof Gonadsdeterminedas Proportionof
sex-undeter. testes ovarleS testestOOVaries

1

2

3

4

5

′0
7

00
0
ノ
01

26

8

5

18

15

6

2

3

5

5

16

5

4

10

6

6

1

3

3

5

10 1.6:1.0

3 1.7:1.0

1 4.0:1.0

8 1.3:1.0

9 1.0:1.501 1.0:1.00
2 1.5:1.00

93 59

asewagetreatmentplanthasbeenreportedtobe

reducedinlength(BattyandLim,1999).Inthis

species,theanalfinisasecondarysexcharac-
terandplaysaroleasagonopodium.Itisalso

knownthatinanotherspeciesofmosqultOfish

(Gambusiaholbrooki),thelengthofthefourth

analfinraylnmalesandfemalescaughtatsec-

ondarysewagetreatmentwassomewhatmore

elongatedthaninnormalones(Leuschetal･,

2006)･InJapanesemedaka(Oryziaslatipes),an
abnormalanalfinwhichappearstobefemalel
likehasbeenobservedinmalesexposedto100

ppbofp-nonylphenol(Tabataetal･,2001).These
factssuggestthatthesecondarysexcharacters

expressedonthefinsareeasilyaffectedbyartifi-
cialchemicals.

Ontheotherhand,ahighlevelofDTT(10-360

ng/glipidweight)wasconcentratedincatfish

(Protosuscanius)collectedfrom theBangkok

regioninThailand(Kannanetal.,1995).Itisa
factthatorganochlorinepesticides,suchasDDT,

havebeenusedinpaddyfieldsandpondsinparks

foralongtimeinThailand(Boonyatumanondet
αJリ2002).Furthermore,in55of90wells,DDT

hasbeendetectedinthreeprovinces,including

RatchaburiProvince,inThailand(Thapintaand

Hudak,2003).Inthisstudy,DDTwasdetected

in2localities,althoughthelevelofpollutionwas
ratherlow.

Viganoetal.(2001),Barnhoornetal.(2004),
andHincketal.(2006)reportedthepresence
ofhermaphroditesinbarbell(Barbusplebefus),

sharptoothcatfish(Clariasgariepinus),and
smallmouthbass(Micropterusdolomieu),respect-
tively,becauseoocyteswereobservedtobescat-

34

teredintheirtesticulartissue.Inthisstudy,how-

ever,ahistologicalexaminationofthegonads

oftheseindividualsdidnotyieldanyindication
thatthesex-undeterminableindividualswere

hermaphrodites.Inthisstudy,althoughthesex
ratiowasunbalancedinsomelocalities,itisnot
clearwhetherthenumberofsex-undeterminable

individualswasdirectlyrelatedtotheimbalance

ornotbecausetherewasalocalitylnWhichthe
numberofsex-undeterminableindividualswas

highbutthesexratiowasnormal.Inlocality9,

however,thereisapossibilitythatthesexratio

mayshowanabnormalityinthefuture.
Itmaybeworthtonotethat,insex-undeteト
minablefish,therateoftestestoovarieswas

almosttwice.Takingallthesedataintoconsider-

ation,itissurmisedthatsomefeminizlngStresses

maybetrlggeredinmalesoftheThaimedaka,

probablycausedbyartificialchemicals.
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