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#E!712691! and TOCE’s, and the opening/closing associated with possible demographic 
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&2&+3/*"2)!20!#E!712691!/(!.%33!/(!2*$%'(!%8232@"8/33-!2'!%82)29"8/33-!"9&2'*/)*!(&%8"%(7!
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9/)/@%9%)*(*'/*%@"%)7! [/(! `"%3! ,%'! $"%'! :2'@%3%@*%)! A'1%"*! "(*! %")%! 0/+)"(*"(8$%! +),!

aF232@"(8$%!Z%(*/),(/+0)/$9%!,%'!4"(8$/'*%)@%9%")(8$/0*%)!,%'!b(*+/'%!+),!c/@+)%)!,%'!:2'!

,%9! V2')! :2)! A0'"F/! @%3%@%)%)! H)(%3! G2F2*'/5! +)*%'! 1%(2),%'%'! Z%'_8F("8$*"@+)@! ,%'!

62&+3/*"2)(aF232@"%! +),! B1"232@"%! %")%'! G8$3_((%3/'*;! #%21)'-! 7126917! ["%! G*+,"%! (233! ,/1%"!

%")%)! ."8$*"@%)! Z%"*'/@! 0_'! ,"%! A'1%"*! :2)! O)*(8$%",+)@(*']@%')! "9! J/*+'(8$+*UB! +),!

^_(*%)U2)%)9/)/@%9%)*!,%'! H)(%3! 3%"(*%)7! H9!d/$9%)!,%'!A'1%"*!.+',%!%")!9+3*","(U"&3")]'%'!

A)(/*U!:%'023@*5!+9!,"%!4+)F*"2)!+),!Z%,%+*+)@!,%'!*%9&2']'!200%)M@%8$32((%)%)!^_(*%)](*+/'%!

(TOCE’s: Temporarily Open / Close Estuaries) un,!c/@+)%)!G2F2*'/(!0_'!9/'")%!4"(8$/'*%)!U+!

:%'(*%$%)7! V"%'U+! .+',%! %")%! d%"$%! :2)! T%*$2,%)! /+(! +)*%'(8$"%,3"8$%)! 4/8$,"(U"&3")%)!

9"*%")/),%'! F291")"%'*! I#/E2)29"%5! eF232@"%5! 6$-32@%)%*"F5! 62&+3/*"2)(@%)%*"F5! L*23"*$%)B

T"F'2(*'+F*+'/)/3-(%5! L*23"*$%)BT"F'28$%9"%=7! ["%! ."8$*"@(*%)! O'@%1)"((%! ,%'! G*+,"%! (*%33%)!

("8$!."%!023@*!,/';!

<='["%! 4"(8$/'*%)@%9%")(8$/0*%)! ,%'!b(*+/'%! +),! c/@+)%)! G2F2*'/(!.%"(%)!9"),%(*%)(! PQ!

A'*%)! ")!?R!4/9"3"%)!/+05!%")!$2$%'!K%'*! "9! '%@"2)/3%)!\%'@3%"8$7![%'! 0/+)"(*"(8$%!\%'@3%"8$!

9"*! b(*+/'%)! G_,/0'"F/(! +),! ,%'! X%9%)"*"(8$%)! 4%(*3/),(F_(*%! 1%(*]*"@*! G2F2*'/(! 62("*"2)! /3(!

“biogeografisches Sprungbrett” zwischen angrenzenden biogeografischen Regionen. Darüber 

$")/+(! 1%("*U%)! ??! ,%'! PQ! '%@"(*'"%'*%)! A'*%)! %")%! U+9! #%"3! @'2f%! Z%,%+*+)@! ")! ,%'! 32F/3%)!

4"(8$%'%"."'*(8$/0*7!["%(!+)*%'(*'%"8$*!,"%!K"8$*"@F%"*!,"%(%'!^_(*%)aF2(-(*%9%!/3(!c/"8$B!+),!

Z'+*(*]**%)! +),! ,/9"*! 0_'! ,"%! )/8$$/3*"@%! \%'0_@1/'F%"*! :2)! \%'(2'@+)@(aF2(-(*%9B

,"%)(*3%"(*+)@%)7!

>='["%!6$-32@%2@'/0"%!+),!,"%!@%)%*"(8$%!G*'+F*+'!,%'!#E!712691!62&+3/*"2)%)!.+',%!/)$/),!

,%(!W%)(!,%'!N-*28$'29!&!LE",/(%!D)*%'%")$%"*! H! INLH=! (2."%!:%'(8$"%,%)%'!T"F'2(/*%33"*%)B

9/'F%'!/)/3-("%'*5!.21%"!U.%"!+)*%'(8$"%,3"8$%!@%)%*"(8$%!T+(*%'!U+*/@%!*'/*%)7!O")%!$2$%!+),!

("@)"0"F/)*%! @%)%*"(8$%! ["00%'%)U"%'+)@! %E"(*"%'*! /+0! ,%'! @%2@'/0"(8$%)! GF/3/! ,%(! H),2B
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8$/'/F*%'"(*"(8$%)!4/'1F3%",(5!*/*(]8$3"8$!+9!%")%)!A'*%)F29&3%E!$/),%3*!Fa))*%5!,%'!,%)!"),2B



!

:!

.%(*&/U"0"(8$%)!d/+9!1%.2$)*!+),!1"($%'! */E2)29"(8$!)"8$*!$")'%"8$%),!%'F/))*!.+',%7!A+0!
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D)*%'(+8$+)@%)! $")("8$*3"8$! ,%(! '%@"2)/3%)! T2,%33(! %")%'! T%*/&2&+3/*"2)5! .%38$%! ("8$! /+(!
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/)(8$3"%f%),%)! \%'13%"1(! ")! ,"%(%)! _1%'! ,%)! `%"*'/+9! :2)! U.%"! g/$'%)7! G8$3"%f3"8$! ("),! ,"%!

"(2*2&%)8$%9"(8$%)! 4")@%'&'")*(! ,%'! L*23"*$%)! $28$("@)"0"F/)*! F2''%3"%'1/'! 9"*! ,%)!
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#E!712691! /3(! “Proxy” auch für andere, insbesondere ökologisch oder ökonomisch relevante 
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8%!*'/:/"3!C*/"*!,2)8!,%!02+')"'!+)%!&'%9"k'%!'C0C'%)8%!0/+)"(*"h+%!%*!C8232@"h+%!,%(!&2"((2)(!,%(!

%(*+/"'%(!et du lagon de l’île de!G282*'/!IJ2',BOuest de l’Océan Indien)!&2+'!3%(!@%(*"2))/"'%(!,%!

3/! U2)%!8l*"k'%5! /:%8!+)!/88%)*!&/'*"8+3"%'! (+'! 3%! 02)8*"2))%9%)*!,%(!&2&+3/*"2)(!,’une! %(&k8%!

(%)*")%33%;!#%21)'-! 7126917![/)(!8%**%!C*+,%5!+)%!/&&'28$%!9+3*","(8"&3")/"'%!/!C*C!,C:%32&&C%!

/0")!,%!829&'%),'%!3%!02)8*"2))%9%)*!%*!3m"9&2'*/)8%!,%(!%(*+/"'%(!(TOCE’s!;!#%9&2'/'"3-!L&%)!

M!N32(%,!O(*+/'"%(=!%*!,+!3/@2)!,%!l’île de G282*'/!&2+'!3%(!&2"((2)(!9/'")(7!["00C'%)*(!2+*"3(!,%!

3/! 1"232@"%! %*! ,%! 3/! 8$"9"%! I*/E2)29"%5! C8232@"%5! &$-32@C2@'/&$"%5! @C)C*"h+%! ,%(! &2&+3/*"2)(5!

9"8'2(*'+8*+'%!%*!9"8'28$"9"%!,%(!2*23"*$%(=!2)*!C*C!+*"3"(C(!%*!3%(!&'")8"&/3%(!82)83+("2)(!,%!8%!

*'/:/"3!(2)*!3%(!(+":/)*%(;!!
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,+! G+,! %*! ,+! SC9%)! (+@@k'%! h+%! G282*'/! X2+%! 3%! 'l3%! ,%! *'%9&3")! 1"2@C2@'/&$"h+%5! %)!

permettant la connexion d’une grande variété de groupes taxonomiques provenant de différentes 

+)"*C(! 1"2@C2@'/&$"h+%(7! [%! &3+(! ??! ,%(! PQ! %(&k8%(! '%8%)(C%(! (2)*! 82)(",C'C%(! 8299%!

"9&2'*/)*%(! &2+'! 3mC82)29"%! 328/3%5! (2+3"@)/)*! 3m"9&2'*/)8%! &'"92',"/3%! ,%(! %(*+/"'%(! 8299%!
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82)(",C'/)*!,%(!9/'h+%+'(!,%! *-&%!N-*28$'29%! &!LE-,/(%!(2+(B+)"*C! H! %*!9"8'2(/*%33"*%(7!D)%!

différenciation génétique élevée et significative a été observée à l'échelle de l’IndoBL+%(*!

6/8"0"h+%7! #'2"(! @'2+&%(! ,%! &2&+3/*"2)(! 2)*! &+! j*'%! ",%)*"0"C(5! 3%! @'2+&%! ,+! J2',BL+%(*! ,%!

l'Océan Indien (Socotra, Yémen et Iran), le groupe de l’Ouest de l’Inde et le groupe de la Mer de 

N$")%7! N%&%),/)*5! 3%(! @'/),%(! ,"00C'%)8%(! )+83C2*","h+%(! 21(%':C%(! (2+3k:%)*! 8%'*/")%(!

questions concernant l'identification de l’espè8%! %*! (+@@k'%)*! h+%! #E!712691! &2+''/"*! j*'%! %)!

'C/3"*C! +)! 829&3%E%! ,m%(&k8%(5! %)! ,C&"*! ,+! 0/"*! h+%! 3/! 8232'/*"2)! 8/'/8*C'"(*"h+%! ,%! #E!712691!

facilite son identification. A l’échelle plus restreinte du NordBOuest de l’Océan Indien, une 

%E&/)("2)! 'C8%)*%! ,%! 3/! &2&+3/*"2)! ,%! #E!712691! /&'k(! ,%(! %E*")8*"2)(! 328/3%(! /+! 82+'(! ,%(!
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'%3/*":%9%)*! C3%:C%! %*! ("@)"0"8/*":%! %)*'%! 3%(! %(*+/"'%(5! (+'! 3%! (%8*%+'! G282*'/BSC9%)7! G"! 3/!

distance géographique n’est pas un facteur structurant majeur des populations de #E!712691!,/)(!



!

:,,!

la région du Golfe d’Aden, le lien étroit entre les juvéniles #E!712691!%*!3%(!#LNO5!/")("!h+%!3%(!

phénomènes d’ouverture associés à de possibles goulots d'étranglement démographiques dans 

ces systèmes côtiers, peuvent expliquer la mise en place d’une différenciation génétique locale 

("@)"0"8/*":%!%)*'%!3%(!%(*+/"'%(7!Z"%)!h+%!3m%):"'2))%9%)*!,-)/9"h+%!,%!3/!'C@"2)!&+"((%!3"9"*%'!

3/!,"00C'%)8"/*"2)!@C)C*"h+%5! 3/!82+'*%!,+'C%!,+!(*/,%! 3/':/"'%!,%!8%**%!%(&k8%!I>Y! X2+'(!%(*"9C(!

par la lecture des microstructures de l’otolithe) et la possible rétention des larves dans certai)(!

secteurs peuvent réduire l’homogénéisation à plus grande échelle géographique. !

?='Les analyses de la composition élémentaire des nucleus d’otolithes suggèrent l'existence de 
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dans les estuaires où les juvéniles resteront deux ans. Enfin, les tests d’assignation d'empreintes 

@C28$"9"h+%(!%)!12',+'%!d’otolithe à des nourriceries spécifiques se sont avérés être très précis 

et pourraient conduire à terme à estimer la contribution d’une nourricerie à une population adulte 

,%!#E!712691!ainsi que d'autres espèces d’importance écologiques et économiques7!
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,+'")@!*$%!W%'9/)!OE&%,"*"2)!20!d"%1%8F!/),!G8$.%")0+'*!")!<qq<Bq>!I#/(8$%)1%'@5!<qq?=!/),!

*$%! A+(*'"/)! OE&%,"*"2)! 20! G"92)-! ")! <qpqB<qpp! IG*%"),/8$)%'5! <pR>5! <pR?=7! T2'%! '%8%)*3-!

^'+&&! /),! `/X2)U! I^'+&&! %*! /375! >RRPn! `/X2)U! %*! /375! >RRR=! ")"*"/*%,! 9/'")%! /),! 82/(*/3!

%E&%,"*"2)(! ")!<ppp!/),!>RRR!.$%'%!%(*+/'"%(!$/:%!1%%)! "):%(*"@/*%,5!829&3%*%,!1-!/,,"*"2)/3!

(+':%-(!+),%'*/F%)!1-!c/:%'@)%!/),!`/X2)U!")!>RRo5!>RRq!/),!>RRpn! "*!82)(*"*+*%(! *$%!&'%(%)*!

'%(%/'8$! 9/*%'"/37! G/9&3")@! 328/*"2)(! 20! *$%! &'%(%)*! (*+,-! ")83+,%,! 2)%! ")*%'*",/3! 3/@22)!

I[%*./$5! G282*'/=5! 2)%! :%'-! (9/33! 0'%($./*%'! (*'%/9! '+))")@! 0'29! F/'(*! 8/:%(! ")! *$%! 82/(*/3!

escarpment (Arhen) and the remainder represented TOCE’s (4"@7!P5!#/13%!<=7!A!'%82))/"((/)8%!

(+':%-! 20! G282*'/5! 0+),%,! 1-! *$%! [AA[! ")! *$%! 0'/9%.2'F! 20! *$%! >RRoB>R<R! &'2X%8*!

“T.-1=(:.9,)%-! &5! 1!H:**()! T1.-)2%! U:&*:C)2.:-3! 6).)12#9D! <21:%:%+D! 1%*! 8&%.)2C1-:&%!

Z)-'&2$” (Krupp et al., 2009)5!./(!82),+8*%,! ")!2',%'! *2!/((%((! *$%! 0%/("1"3"*-!20! *$%!&'%(%)*!

'%(%/'8$!&'2X%8*7!62*%)*"/3!(*+,-!328/*"2)(!I%(*+/'"%(!/),!3/@22)=!/),!*$%!(&%8"%(!20!")*%'%(*!.%'%!

",%)*"0"%,5!/),!*$%!*"9%!*$/*!.2+3,!)%%,!*2!1%!/3328/*%,!")!*$%!0"%3,!./(!%(*"9/*%,7!4")/3!328/*"2)!

(%3%8*"2)!./(!9/,%!/882',")@!*2!*$%!/88%(("1"3"*-5!*$%!0"%3,!*"9%!/),!32@"(*"8/3!82)(*'/")*(!/),!*$%!

288/("2)/3!,%)"/3!20!/88%((!*2!8%'*/")!&3/8%(!1-!(29%!328/3!:"33/@%!/+*$2'"*"%(7!

!

G:5)!9:.-&23D!?&?0(1-:&%!.-20#-02)!1%*!#&%%)#-:C:-3!!

W_)*%'!&'2:",%,! *$%! 0"'(*! /),!2)%!20! *$%!92(*! 028+(%,!(*+,"%(! *2./',(! *$%!+),%'(*/),")@!20!

*$%!+(%!20!%(*+/'"%(!1-!0"($, stating that “the young of many animals usually thought of as marine, 

require areas of low salinity for nursery grounds” IW_)*%'5!<pQY5!<pPon!6%/'(%!/),!W_)*%'5!<pYo=7!

[%&%),%)8%!20!9/'")%!0"($!2)!%(*+/'")%!2'! 0'%($./*%'!$/1"*/*(!$/(!1%%)!(*+,"%,!(")8%5! /),!0%.!

(2Bcalled “estuary dependent fishes” are, in fact, obligatory users. This observation gave rise to 

the question “what are the causes and consequences of estuarine habitat use?” and ultimately led 

*2! *$%! ,%:%32&9%)*! 20! *$%! 3"0%! $"(*2'-! /),!&2&+3/*"2)! 82))%8*":"*-! (*+,"%(! IG%82'! /),!d22F%'5!

>RRY=7!V2.%:%'5! "*! "(!2)3-!/*! *$%!O(*+/'")%!d%(%/'8$!4%,%'/*"2)!>RR?!G%/**3%!T%%*")@!*$/*!0"($!

connectivity has been deeply explored. Today connectivity refers to “the demographic 

82))%8*"2)!9/")*/")%,! 1%*.%%)! )%/'1-5! 2'!92'%! ,"(*/)*5! 328/3! &2&+3/*"2)(! 20! /! (&%8"%(! ,+%! *2!

,"(&%'(/3!20!&%3/@"8!%@@(!/),!3/':/%!2'!*2!9"@'/*"2)(!20!"),":",+/3(5!.$%*$%'!*$%(%!1%!X+:%)"3%(!2'!

adults” IT2'/!/),!G/3%5!>RR>=7!O(*+/'"%(!/'%!F)2.)!*2!(+&&2'*!@'%/*!&'2,+8*":"*-5!/1+),/)8%!/),!

,":%'("*-!20!0"($7!

! !



H)*'2,+8*"2)!

<q!

!

!

!

!

!

!

! !
J:+02)!_]!R9&-&+21?9.!&5!-9)!,1:%!/&#&-21!).-012:).!

/=!^$2'![+1%)/!5!1=!^$2*![%3"($/5!8=!^$2'!i+/'"-/5!,=!K/,"!i+/'"-/5!
%=!^$2'!T/*"%05!0=!K/,"!T/*"%0!I6$2*2;!O7!c/:%'@)%=5!

@B$=!O7!c/:%'@)%!/),!$"(!,'":%'!A,%3!0"($")@!")!^$2'!T/*"%0!I6$2*2;!D7!`/X2)U=!
! !

1N!

=N!

#N!

*N!

)N!

5N!

+N! 9N!



H)*'2,+8*"2)!

<p!

<1=()!@]!/1,?(:%+!(&#1-:&%.!

G&#1-:&%.! 8&&2*:%1-).!IG1-`D!G&%+`N! !

/&#&-21!>.(1%*]! ! !

^$2'![%3"($/! 12°41’11.3’’N, 54°07’47.8’’E! G$/332.! F$2'! "(23/*%,! 1-! /! (/),! 1%'95! ."*$! /! :%'-! 32.!
./*%'! 3%:%3! ,+'")@! *$%! ,'-! &%'"2,7! \%'-! %+*'2&$"8/*%,5!
9/)-! Z$121! (&E! /),! 0"3/9%)*2+(! /3@/%7! A!“bridge” 

($2+3,! /332.! ./*%'! *2! 8"'8+3/*%! 1+*! ,"(")*%@'/*")@!
82)(*'+8*"2)! 9/*%'"/3! I'28F(=! '%,+8%(! ("@)"0"8/)*3-! *$%!
./*%'!032.7!

^$2'![+1%)/! 12°40’16.3’’N, 54°09’01.6’’E! G$/332.! F$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97!
N2)*")+2+(! (32.! 032.! 20! :%'-! 83%/'! 0'%($! *2! 1'/8F"($!
./*%'!8'2((")@!/!,/*%!&/39!&3/)*/*"2)7!

^$2'!i+/'"-/! <2°38’31.8’’N, 54°13’29.1’’E! c/'@%! F$2'! 82))%8*%,! *2! *$%! (%/! /*! *$%! *"9%! 20! *$%!
(+':%-(5!2)3-!'/'%3-!"(23/*%,!1-!/!(/),!1%'97!G*/@)/)*!*2!
:%'-!(32.!032.")@!./*%'!0'29!*$%!$")*%'3/),7!

A'$%)! 12°36’44.0’’N, 54°18’16.0’’E! \%'-!(9/33!0'%($./*%'!(*'%/9!'+))")@!0'29!F/'(*!8/:%(!")!
*$%!82/(*/3!%(8/'&9%)*7!

^$2'!T/*"%0! 12°26’48.5’’N, 54°18’17.6’’E! c/'@%!F$2'!"(23/*%,!1-!/!@'/:%33-!1%'9!'%(*")@!2)!/!(/),-!
12**295! .$"8$! 9/-! "9&3-! (3"@$*! ")*%'(*"*"/3! ./*%'!
%E8$/)@%!.$%)!)2*!82))%8*%,! *2! *$%!(%/7!L&%)%,!,+'")@!
*$%!92)(22)!(*2'9(!/),!/((28"/*%,!0322,./*%'(7!

^$2'!Z",$23%$! 12°19’45.8’’N, 54°00’29.5’’E! ^$2'! 2&%)%,! *2! *$%! (%/! ."*$! $"@$3-! 3"9"*%,! 0'%($./*%'!
")&+*5!+(%,!1-!328/3!0"($%'9%)!/(!/!0"($!3/),")@!("*%7!

^$2'!V/,"12! 12°39’17.7’’N, 54°01’25.4’’E! c/'@%! F$2'! )%E*! *2! *$%! 3/'@%(*! :"33/@%! 20! G282*'/!
IV/,"12=5! 0"33%,! ."*$! (/),-B9+,,-! (%,"9%)*(! $23,")@!
%+*'2&$"8/*%,!(*/@)/)*!./*%'!(%&/'/*%,!0'29!*$%!(%/!1-!/!
@'/:%33-! 1%'95! ."*$! 9/)-! Z$121! (&E! /),! 0"3/9%)*2+(!
/3@/%7! L88/("2)/33-! 0322,%,! ,+'")@! *$%! 92)(22)! /),!
$29%!*2!/!3/'@%!)+91%'!20!1"',(7!

[%*./$!c/@22)! 12°42’29.5’’N, 53°30’52.6’’E! A! :%'-! 3/'@%! (/),-! ($/332.! ")*%'*",/3! 3/@22)5! 82))%8*%,!
1-!/!&%'9/)%)*!*",/3!8$/))%3!*2!*$%!(%/7!

^$2'!i+/,+1! 12°39’00.0’’N, 53°55’00.0’’E! G9/33! 3/@22)! /*! *$%! (%/! (",%5! .$"8$! "(! '/'%3-! 0322,%,!
,+'")@!$"@$!/),!(*2'9!./*%'(7!H*!+(%,!*2!1%!*$%!%(*+/'-!20!
K/,"!i+/,+1!1+*!1%8/9%!(%&/'/*%,!0'29!"*!1-!/!'2/,7!

^$2'!W"'9/$! 12°36’30.0’’N, 53°46’41.0’’E! c/'@%5! %32)@/*%,! F$2'! ."*$! 3"**3%! 0'%($./*%'! ")&+*5! ."*$!
:%'-!(20*!9+,!12**295!"*(!92+*$!)%/'!/!,%/,!9/)@'2:%7!!

^$2'!G"B"'$"9! 12°39’35.0’’N, 54°02’12.8’’E! ^$2'! ."*$! ($/332.5! (*/@)/)*! /),! %+*'2&$"8/*%,! ./*%'5!
9/)-! Z$121! (&7! /),! 0"3/9%)*2+(! /3@/%7! #$%! 12**29! "(!
829&2(%,!20!82/'(%!(/),!/),!'+113%7!

^$2'![/)%@$/)! 12°39’34.2’’N, 54°02’13.9’’E! ^$2'!/*! *$%!%/(*!20!V/,"127! H(23/*%,!0'29!*$%!(%/!1-! *$%!
'")@!'2/,7!

! ! !
E),)%!H1:%(1%*]!

^$2'!A91%F$/! <Qu?R’<q.5’’N, 49°RQ’>R7o’’E! ^$2'! /*! *$%! %/(*! 20! A3! T+F/33/5! .$"8$! ./(! 829&3%*%3-!
1328F%,!02'!(%:%'/3!-%/'(!,+'")@!*$%!'2/,!82)(*'+8*"2)7!

^$2'!d+F+&! 14°34’34.5’’N, 49°13’43.6’’E! ^$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97! #$%!./,"! "(!
8'2((%,!+&!(*'%/9!1-!/!3/'@%!'2/,7!

^$2'!G/$"%'! 14°39’55.4’’N, 49°24’55.6’’E! ^$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97! #$%!./,"! "(!
8'2((%,!+&!(*'%/9!1-!/!3/'@%!'2/,7!

^$2'![+0%@/!! 14°45’45.4’’N, 49°37’51.2’’E! ^$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97! #$%!./,"! "(!
8'2((%,!+&!(*'%/9!1-!/!3/'@%!'2/,7!

!
!



H)*'2,+8*"2)!

>R!

A(! )+'(%'"%(! /'%! $/1"*/*(! 20! X+:%)"3%(! *$/*! 82)*'"1+*%!92'%! *$/)! 2*$%'! $/1"*/*(! *2! *$%! /,+3*!

&2&+3/*"2)! IZ%8F! %*! /375! >RR<n! Z%8F! %*! /375! >RR?=5! *$%! +),%'(*/),")@! 20! 82))%8*":"*-! 1%*.%%)!

)+'(%'"%(!/),!9/'")%!$/1"*/*(!"(!0+),/9%)*/3!*2!&2&+3/*"2)!,-)/9"8(!"):%(*"@/*"2)(!/),!*2!(%**3%!

%00%8*":%!82)(%':/*"2)!/),!0"($%'"%(!9/)/@%9%)*!(*'/*%@"%(!IW"33/),%'(5!>RRY=7!#$2(%!92:%9%)*(!

$/:%!1%%)!")0%''%,!&'%,29")/)*3-!0'29!*%9&2'/3!/),!(&/*"/3!/1+),/)8%!%(*"9/*%(!82+&3%,!."*$!

/)/3-("(!20!("U%B0'%h+%)8-!,"(*'"1+*"2)(5!:/'"2+(!*/@@")@!9%*$2,(!/),!*$%!%E/9")/*"2)!20!2*23"*$!

9/'F(! IW"33/),%'(! /),! ^")@(02',5! >RR?=. More recently, natural chemical tracers (“eleme)*/3!

0"ngerprints” /),! (*'2)*"+9! "(2*2&%! '/*"2! qoG';qPG'=! $/:%! 1%%)! +(%,! *2! ",%)*"0-! 1"'*$! ("*%! /),!

,%(8'"1%! 9"@'/*"2)! &/**%')(! 20! ,"/,'292+(! (&%8"%(! IW"33/),%'(5! >RRYn! ^%))%,-! %*! /375! <ppon!

^%))%,-! %*! /375! >RR>n! T8N+3328$! %*! /375! >RRY=7! #$"(! /&&'2/8$! "(! 3/'@%3-! 1/(%,! 2)! *.2! F%-!

/((+9&*"2)(;! <=! 2*23"*$(! /'%! 9%*/123"8/33-! ")%'*! ."*$! )2! %:",%)8%! *$/*! *$%! )%.! 9/*%'"/3! "(!

'%(2'1%,! 2'! '%.2'F%,! /0*%'! ,%&2("*"2)! /),! >=! 2*23"*$(! @'2.! 82)*")+2+(3-! *$'2+@$2+*! *$%! 0"($!

3"0%*"9%!IN/9&/)/5!<ppp=7!V2.%:%'5!*$%!,%92@'/&$"8!82))%8*":"*-!'%h+"'%(!*$/*!"),":",+/3(!)2*!

2)3-!92:%! 1%*.%%)! $/1"*/*(5! 1+*! 1%829%! &/'*"8"&/*")@!9%91%'(! 20! *$%! &2&+3/*"2)(! *$%-! X2")5!

@'2.")@5!(+':":")@5!/),!'%&'2,+8")@!IG/3%5!>RRQ=7!42'!*$%!3/(*!?R!-%/'(5!/**%9&*(!$/:%!1%%)!9/,%!

*2! ,"(8'"9")/*%! /92)@! 0"($! &2&+3/*"2)(! 1-! +(")@! 923%8+3/'! 9/'F%'(7! G*+,"%(! 2)! &2&+3/*"2)!

(*'+8*+'%! /),! 82))%8*":"*-! /'%! 1/(%,! 2)! /! :/'"%*-! 20! @%)%*"8! ,"00%'%)*"/*"2)!9%/(+'%(! 1%*.%%)!

&2&+3/*"2)! +)"*(7! W%)%*"8! ,"00%'%)*"/*"2)! /332.(! ",%)*"0-")@! &/'*3-! '%&'2,+8*":%3-! "(23/*%,! (+1B

&2&+3/*"2)(!/),!%(*"9/*")@!@%)%!032.!1%*.%%)!*$%(%!(+1B&2&+3/*"2)(7!N291")")@!9/'F%'(!(+8$!

/(! 2*23"*$! %3%9%)*/3! 0")@%'&'")*(! /),!9"8'2(/*%33"*%(!.2+3,! 3%/,! *2! 829&3%9%)*/'-! ")02'9/*"2)!

1+*!/3(2!*2!$"@$%'!:/3",/*"2)!/),!&'%8"("2)!I4'29%)*")!%*!/375!>RRp=7!

!

U:&(&+:#1(!,&*)(!

#%21)'-! 712691! I42'((Fv35! <ooY=! (Terapontidae, Perciformes) locally known as “Dirhar” in 

Yemen mainland and “Habraham” on Socotra Island, inhabits marine and brackish waters of the 

H),2BK%(*!6/8"0"8!IHK6=5!0'29!*$%!d%,!G%/!/),!%/(*!82/(*!20!A0'"8/!*2!G/92/7!H*(!X+:%)"3%(!$/:%!

1%%)!21(%':%,! *2! *$'":%! %:%)! ")! 82/(*/3! 0'%($./*%'! 82+'(%(7!#$%! *-&%! 328/3"*-!20! *$%! (&%8"%(! "(!

g%,,/$5!G/+,"!A'/1"/5!/),!*$%!*-&%!(%'"%(!"(!,%&2("*%,!")!*$%!`2232@"8/3!T+(%+9!20!N2&%)$/@%)!

I^3/+(%."*U!/),!J"%3(%)5!<pPYn!J"%3(%)5!<poQ=7! !#%21)'-! 712691! I4"@7!o=! "(! 82992)3-!)/9%,5!

*"@%'!&%'8$!1%8/+(%!"*!8/)!1%!,"(*")@+"($%,!0'29!/33!2*$%'!9%91%'(!20! *$%!0/9"3-!1-!*$%"'!12,-!

8232'/*"2)!20!*$'%%!,2.)./',3-!8+':%,!32)@"*+,")/3!(*'"&%(5!2'!@'+)*%'(!")!'%0%'%)8%!*2!*$%!(2+),!

%9"**%,! 1-! *$%"'! +)"h+%! (."913/,,%'! %h+"&&%,! ."*$! %E*'")("8! 9+(83%(5! /! (&%8"0"8! /)/*29"8!

8$/'/8*%'"(*"8!20!*$%!0/9"3-!I\/'"5!<poq=7!H*!$/(!/!'/*$%'!829&'%((%,!12,-!."*$!/!(*'2)@5!&2.%'0+3!

(&")%! /*! *$%! 1/8F! 20! *$%! 2&%'8+3+95! /),! /! (3"@$*3-! ,2.)./',B&2")*")@! 92+*$! /'9%,! ."*$!

)+9%'2+(!(9/335!($/'&!*%%*$!I\/)!,%'!O3(*5!<pp?=7!



H)*'2,+8*"2)!

><!

!

! !

J:+02)!L]!J2).9(3!#10+9-!!6()$#*+$!

!

H)!*$%"'!(*+,-!20!*$%!'23%!20!G2+*$!A0'"8/)!%(*+/'"%(!")!&'2:",")@!)+'(%'-!$/1"*/*(!02'!X+:%)"3%!

0"($5!K/33/8%! /),!8233%/@+%(! I<pqQn!<poY=!21(%':%,! *$/*! *$%! '%&'2,+8*"2)5! (&/.)")@!/),!%/'3-!

3/':/3! 3"0%!20!#E!712691! "(! 3"9"*%,!*2! *$%!9/'")%!%):"'2)9%)*!1+*!%(*+/'")%!'%8'+"*9%)*!(%%9(!*2!

*/F%!&3/8%!/*!/)!%/'3-!(*/@%7!D),%'./*%'!21(%':/*"2)(!20!K$"*0"%3,!/),!Z3/1%'!I<poq=! '%82',%,!

*$%!0%%,")@!1%$/:"2+'!20!/,+3*!#E!712691!+),%'!)/*+'/3!82),"*"2)(!/),!($2.%,!*$/*!*$"(!(&%8"%(!"(!

&'"9/'"3-!8/')":2'2+(7!4"($!2'! "):%'*%1'/*%!&'%-!.2+3,!1%!(./332.%,!"0! "*! "(!9+8$!(9/33%'!*$/)!

#E!7126915!2*$%'."(%!2)3-!(8/3%(5!(F")!2'!2*$%'!&"%8%(!.2+3,!1%!()/&&%,!2007!

c"F%! *$%! 9/X2'"*-! 20! *'2&"8/3! /),! (+1*'2&"8/3! 9/'")%! (&/.)%'(5! *$%-! $/:%! /)! %E*%),%,!

1'%%,")@! (%/(2)! /),! /'%! 0'/8*"2)/3! (&/.)%'(7! #2! (&/.)! ")! (%:%'/3! 1/*8$%(! (%%9(! *2! /:2",!

2:%'8'2.,")@!20! 3/':/%! ")!2',%'! *2! '%,+8%! 022,!829&%*"*"2)! /92)@! *$%!200(&'")@! /),! *2! /332.!

post larvae to immigrate into TOCE’s when conne8*"2)!."*$!(%/./*%'!288+'(!Ig/9%(!%*!/375!>RRo=7!

N2.3%-! /),!K$"*0"%3,! I>RR<=! &'2&2(%,! *$/*! (+8$! /! (*'/*%@-! &'%:%)*(! '%8'+"*9%)*! 0/"3+'%5! /),!

%E&3/")(!*$%!,29")/)8%!20!(+8$!(&%8"%(!")!TOCE’s.!

A3*$2+@$!/,:/)8%(!$/:%!1%%)!9/,%!")!*$%!*/E2)29-!/),!1"232@-!20!*$%!#%'/&2)*",/%!IT"+!%*!

/375! <ppRn! \/'"5! <poqn! K$"*0"%3,! /),! Z3/1%'5! <poq=5! )2! ")B,%&*$! (*+,"%(! 20! *$%! '%&'2,+8*":%!

%8232@-5!3"0%!$"(*2'-!(*'/*%@-!2'!&2&+3/*"2)!(*'+8*+'%!20!#E!712691!$/:%!1%%)!82),+8*%,!(2!0/'7!S%*5!

"*(!.",%!,"(*'"1+*"2)!1%-2),!*$%!(*+,-!'%@"2)!/),!"*(!/1"3"*-!*2!82&%!."*$!82)*'/(*%,!%):"'2)9%)*(!

I(/3")"*-;!RB?p!‰, temperatures: up to 36°C) "),"8/*%! *$/*! *$"(! (&%8"%(!8/)!1%!82)(",%'%,!/(! /)!

%E8%33%)*!(%)*")%3!(&%8"%(!02'!*$%!%(*+/'"%(!20!*$%!'%@"2)7!!

!

X=a)#-:C).!1%*!?(1%!&5!-9:.!-9).:.!

H)! *$"(! @%)%'/3! 82)*%E*! *$%! /"9! 20! *$"(!.2'F! "(! *2! &'2:",%! *$%! 0"'(*! 0/+)"(*"8! /),! %8232@"8/3!

1/(%3")%!20!G282*'/!%(*+/'"%(!/),!3/@22)!0"($%(!02'!@2:%')9%)*/3!82/(*/3!9/)/@%'(!/),!,%8"("2)!

9/F%'(5! ."*$! /! &/'*"8+3/'! 028+(! 2)! /! (%)*")%3! (&%8"%(5! #E!7126915! *2! 1%**%'! +),%'(*/),! *$%!

0+)8*"2)")@!/),!*$%!"9&2'*/)8%!20!G282*'/!#LNO!(-(*%9!I4"@7!q=7!#2!/8$"%:%!*$"(!@2/35!(%:%'/3!

21X%8*":%(!$/:%!1%%)!,'/.)!/),!(2'*%,! ")! *$%!0":%!,"00%'%)*!8$/&*%'(!20! *$"(!,28+9%)*5!%/8$!20!

1N! =N!



H)*'2,+8*"2)!

>>!

*$2(%!&/'*!$/:%!1%%)!.'"**%)! ")!2',%'! *2!1%!&+13"($%,!(%&/'/*%3-! ")!&%%'! '%:"%.%,! ")*%')/*"2)/3!

(8"%)8%!X2+')/3(7!

·' !7"(8-#92(%$#2(&8(27-9(0$'+9.#-%2!&'%(%)*(!/!&'%3"9")/'-!0/+)"(*"8!/882+)*!20!%(*+/'")%!/),!

3/@22)! 0"($!(&%8"%(!20!G282*'/! H(3/),!/),! *$%!V/,$'/92+*!9/")3/),!82/(*!20!S%9%)!/),!

,%(8'"1%(!02'!*$%!0"'(*!*"9%!0"($!(&%8"%(!,":%'("*-!/),!/((%913/@%!829&2("*"2)!/*!F%-!("*%(7!

·' !7"(9".&':(%$#2(assesses seasonal effects of the Summer Monsoon on Fulton’s 82),"*"2)!

0/8*2'!^!/),!829&/'%(!c%)@*$BK%"@$*!d%3/*"2)($"&!20!*$%!(%)*")%3!(&%8"%(!#E!712691!0'29!

*$%!.",%'!W+30!20!A,%)!'%@"2)!"/E!2*$%'!'%@"2)(7!

·' !7"( 27-#:( %$#2( &'%(%)*(! *$%! "(23/*"2)! /),! 8$/'/8*%'"U/*"2)! 20! *$%! )")%! 0"'(*!9"8'2(/*%33"*%!

328"!20!#E!!712691>!.$"8$!."33!1%!+(%,!")!*$%!)%E*!&/'*7!

·' !7"(8&#27(%$#2!%E&32'%(!*$%!&$-32@%)%*"8(!/),!@%)%*"8!(*'+8*+'%!20!#E!712691! ")! *$%!.",%'!

W+30! 20! A,%)! ")83+,")@! G282*'/! H(3/),5! 1-! 82)(",%'")@! (%:%'/3! @%)%*"8! 9/'F%'(;! *$%!

N-*28$'29%! &! LE-,/(%! (+1B+)"*!<! INL<=! /),! *$%! )")%! &'%:"2+(3-! 8$/'/8*%'"U%,!

9"8'2(/*%33"*%(7!

·' !7"(8-827(%$#2!'%82)(*'+8*(!9"@'/*2'-!&/**%')!/),!,%0")%(!)/*/3!2'"@")(!20!X+:%)"3%!#E!712691!

")$/1"*")@!%(*+/'"%(!")!/)!/**%9&*!*2!82''%3/*%!*$"(!'%(+3*(!."*$!&2*%)*"/3!@%)%*"8!(*'+8*+'%7!

!

!
J:+02)!b]!/#:)%-:5:#!1??2&1#9!

z6c[;!63/)F*2)"8!c/':/3![+'/*"2)!



H)*'2,+8*"2)!

>?!

4")/33-! /! @%)%'/3! 82)83+("2)! "(! ,'/.)! 2)! G282*'/! %(*+/'"%(! /),! 3/@22)! 0+)8*"2)")@5! *$%"'!

"9&2'*/)8%!*2!0"($!,":%'("*-!/),!*$%"'!0'/@"3"*-!0/8%!*2!*$%!83"9/*%!8$/)@%!/),!'/&",!+)82)*'233%,!

,%:%32&9%)*7!A,,"*"2)/3!&%'(&%8*":%(!,%'":%,!0'29!*$"(!.2'F!/'%!/3(2!&'2&2(%,7!

!

#$"(!.2'F!./(!,%:%32&%,!")!/!9+3*","(8"&3")/'-!/&&'2/8$!*2!+),%'(*/),!*$%!0+)8*"2)")@!/),!

"9&2'*/)8%! 20! G282*'/! %(*+/'"%(! /),! 3/@22)! 02'! 0"($%(7! G%:%'/3! *223(!.%'%! +(%,! 0'29! ,"00%'%)*!

0"%3,!20!1"232@-! /),!8$%9"(*'-;! */E2)29-5! %8232@-5!&$-32@%)%*"8(5! &2&+3/*"2)!@%)%*"8(5! 2*23"*$!

9"8'2(*'+8*+'%!/),!2*23"*$!9"8'28$%9"(*'-7!#$+(!"*!./(!)/*+'/3!*2!"):23:%,!")!*$%!"9&3%9%)*/*"2)!

&$/(%!20!*$"(!(*+,-!/!.%33B%h+"&&%,!/),!'%82@)"U%,!3/12'/*2'-!(&%8"/3"(%,!")!9/'")%!@%)%*"8(!/),!

2*23"*$! /)/3-("(;! #$%! T/'")%! O):"'2)9%)*/3! G8"%)8%! c/12'/*2'-! IcOTAd=! 20! *$%! O+'2&%/)!

H)(*"*+*%! 02'! T/'")%! G*+,"%(! IHDOT=5! 632+U/)C! –! 4'/)8%5! /)! ")(*"*+*%! 20! *$%! D)":%'("*-! 20!

K%(*%')!Z'"**/)-!IDZL=7!

!



!

!

!



!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

+*,-%.*$/!0#'!)&12&.*$*&#!&3!-.$(0%*#-!0#'!

405&&#!3*.6!0..-17405-.!&3!8&)&$%0!".40#'9!

*#)4('*#5!)&120%0$*,-!.*$-.!&,-%!$6-!10*#40#'!

)&0.$!&3!:-1-#!

! !

2';602$-%!



!

!

!



N$/&*%'!<!B![":%'("*-!/),!829&2("*"2)!20!%(*+/'")%!/),!3/@22)!0"($!/((%913/@%(!20!G282*'/!H(3/),!

>o!

/0,,123!

!

8&%-)Q-]!G282*'/!H(3/),5!328/*%,!")!*$%!J2'*$BK%(*%')!H),"/)!L8%/)5!"(!8$/'/8*%'"U%,!1-!'/")-!

/),! ,'-! /3*%')/*")@! 92)(22)! (%/(2)(! /),! 829&2(%,! 1-! *$%! V/@@$"%'! T2+)*/")(5! 6/3%2@%)%!

F/'(*"8! 3"9%(*2)%! &3/*%/+(! /),! /33+:"/3! 82/(*/3! &3/")(! IG8$23*%! %*! /375! >R<<=7! H*(! &/'*"8+3/'!

@%2@'/&$"8/3! 328/*"2)5! '%3"%0! /),! 83"9/*%! &'2:",%! (+00"8"%)*! 0'%($./*%'! ")&+*! *2! (+&&2'*! /! '"8$!

1"2,":%'("*-!/),!/!$"@$!)+91%'!20! %),%9"8!(&%8"%(7!J+9%'2+(!1"2,":%'("*-! (+':%-(!$/:%!1%%)!

82),+8*%,! ")83+,")@!9/'")%! 0"($%(! I^%9&5!<ppqn!`/X2)U!%*! /375!>RRR=5!$2.%:%'! 3"**3%! "(!F)2.)!

/12+*! *%9&2'/'"3-! 2&%)! M! 832(%,! %(*+/'-! I#LNO=! /),! 3/@22)! 0"($! 8299+)"*"%(! %E8%&*! 23,!

(&%8"9%)(!I^'+&&!/),!`/X2)U5!>RRPn!G*%"),/8$)%'5!<pR>5!<pR?n!#/(8$%)1%'@5!<qq?=7!

!

":,!1%*!&=a)#-:C).]!#$%!/"9!20!*$"(!(*+,-!"(!*2!&'2:",%!1/(%3")%!,/*/!2)!%(*+/'")%!/),!3/@22)!

0"($! ,":%'("*-5! %(&%8"/33-! ")! (+&&2'*! 20! ")02'9%,! 82)(%':/*"2)!9/)/@%9%)*7!#$%! 21X%8*":%(! /'%!

<=!*2!&'%(%)*!02'!*$%!0"'(*!*"9%!/!&'%3"9")/'-!0/+)"(*"8!/882+)*!20!%(*+/'")%!0"($!(&%8"%(!20!G282*'/!

H(3/),! /),! *$%! S%9%)! 9/")3/),5! >=!*2! ,%(8'"1%! 0"($! (&%8"%(! ,":%'("*-! /),! /((%913/@%!

829&2("*"2)!/),!?=!*2!8$/'/8*%'"U%!/),!829&/'%!*$%!0"($!8299+)"*-!(*'+8*+'%!/8'2((!("*%(7!

!

H1-)2:1(.!1%*!,)-9&*.]!#$%!(&%8"9%)(!.%'%!8233%8*%,!+(")@!(%")%!)%*!,+'")@!*$%!&'%B!/),!

&2(*B!(+99%'!92)(22)!&%'"2,!0'29!<ppp!*2!>RRp5!/*!<Y!328/*"2)(!2)!12*$!G282*'/!/),!S%9%)!

9/")3/),7!G&%8"9%)(!.%'%!&'%(%':%,!/),! ",%)*"0"%,7!G&%8"%(! '"8$)%((5!G$/))2)!,":%'("*-! "),%E!

/),!O:%))%((! "),%E!.%'%! 8/38+3/*%,! *2!,%(8'"1%! /((%913/@%(! /),!K/',!$"%'/'8$"8/3! 83+(*%'")@!

/)/3-(%(! /),!&'")8"&/3! 829&2)%)*! /)/3-(%(!.%'%!&%'02'9%,!2)! (&%8"%(!&'%(%)8%! M! /1(%)8%!/),!

/1+),/)8%!")!2',%'!*2!+),%'(*/),!,"00%'%)8%(!")!%(*+/'")%!0"($!8299+)"*-!/((%)13/@%(7!

!

6).0(-.]! A! *2*/3! Y5Ypq! 0"($%(! ,29")/*%,! 1-! X+:%)"3%! ("U%! 83/((%(5! '%&'%(%)*")@! PP! (&%8"%(!

1%32)@")@! *2! ?q! @%)%'/! /),! ?<! 0/9"3"%(5! $/(! (2! 0/'! 1%%)! '%82',%,! 0'29! %(*+/'"%(! /),! 3/@22)!

,+'")@!*$"(!(*+,-!(&/))")@!/!,%8/,%!20!(+':%-7!L+*!20!*$%!PP!(&%8"%(5!>?!'%&'%(%)*!)%.!'%82',(!

02'!G282*'/7!A33!'%82',%,!(&%8"9%)(!/'%!9/'")%!2'!(%82),/'-!0'%($./*%'!(&%8"%(7!#%21)'-!712691!

/),!T+@"3",/%!(&7!/'%!*$%!92(*!/1+),/)*!/),!0'%h+%)*!(&%8"%(!")!*$%!'%@"2)7!

!

8&%#(0.:&%]! G282*'/! H(3/),! /&&%/'(! /(! /! 1"2@%2@'/&$"8! “stepping stone”! I$/1"*/*(! 328/*%,!

1%*.%%)!3/'@%'!$/1"*/*(=!02'!(%:%'/3!(&%8"%(5!$2.%:%'!02'!2*$%'!(&%8"%(!"*!"(!)2*!&2(("13%!*2!1'",@%!

*$%!@/&!1%*.%%)!*$%!A0'"8/)!82/(*(!/),!G282*'/!/),!*$%!O/(*%')!A'/1"/)!82/(*7!T2'%2:%'!??!2+*!

20! PP! (&%8"%(! .%'%! 82)(",%'%,! '%3%:/)*! (&%8"%(! 02'! *$%! 328/3! %82)29-7! #$"(! +),%'(82'%(! *$%!



N$/&*%'!<!B![":%'("*-!/),!829&2("*"2)!20!%(*+/'")%!/),!3/@22)!0"($!/((%913/@%(!20!G282*'/!H(3/),!

>q!

&/'/92+)*!"9&2'*/)8%!20!#LNO!/(!(&/.)")@!/),!)+'(%'-!("*%(5!/),!02'!*$%!(+(*/")/1"3"*-!20!:"*/3!

&'2:"("2)")@!%82(-(*%9!(%':"8%(7!

!

Z)Q-! #91?-)2]! #2! 1%**%'! +),%'(*/),! #LNO! 0+)8*"2)")@5! *$%! )%E*! 8$/&*%'(! ."33! 028+(! 2)! /!

(%)*")%3! (&%8"%(;! #E!7126917! #$%! (%82),! 8$/&*%'! ."33! /((%((! (%/(2)/3! %00%8*(! 20! *$%! G+99%'!

Monsoon on Fulton’s condition factor K and compares LengthBK%"@$*! d%3/*"2)($"&! 20! *$%!

(%)*")%3!(&%8"%(!0'29!*$%!.",%'!W+30!20!A,%)!'%@"2)!."*$!*$/*!0'29!2*$%'!'%@"2)(7!

!

!

!



N$/&*%'!<!B![":%'("*-!/),!829&2("*"2)!20!%(*+/'")%!/),!3/@22)!0"($!/((%913/@%(!20!G282*'/!H(3/),!

>p!

B:C)2.:-3!1%*!#&,?&.:-:&%!&5!).-012:%)!1%*!(1+&&%!5:.9!1..),=(1+).!&5!/&#&-21!

>.(1%*D!:%#(0*:%+!#&,?121-:C)!.:-).!&C)2!-9)!,1:%(1%*!#&1.-!&5!E),)%!

PE!O1"%24-%!
h>!i>!j

>!WE!X17'-H!
i>!h
>!<E!G29))!

k>!h
>!<E!^1/%%6!

l>!i
1-8!0E!?E!I,8%%8!

m>!i
!

!
h!
?%-&C%-6%24! <'2/&$9-4/,-/+,+9+! 9-8! ^1+92(9/%9(>! ?%C+,'-! F&$+$5'*'4,%! –!

?%-&C%-6%241-*14%!il>!mnjil!<21-C.92+!1(!01,->!V%9+/&$*1-8!

i!
3,'8,"%2/,+o+!9-8!G*,(1!<'2/&$9-4/H%-+29(! ;3,GM<=>!#2'),&1*!012,-%!P&'/5/+%(/!D2'9)!–!

?%-&C%-6%241-*14%!il>!mnjil!<21-C.92+!1(!01,->!V%9+/&$*1-8!

j!
W-,"%2/,+T!8%!32%+14-%!g&&,8%-+1*%>!W0J!mljp>!Z^J?qFJVqW3g>!O16'21+',2%!8%/!?&,%-&%/!

de l’Environnement Marin LEMAR, Institut Universitaire Eu2')T%-!8%!*1!0%2>!J9%!V9('-+!

8dW2",**%>!ipirn!Q*'9H1-T>!<21-&%!

k!
R1+12!^1+921*!S,/+'25!09/%9(>!R1+12!09/%9(/!I9+$'2,+5!QEgE!3':!isss>!V'$1>!R1+12!

l!
P-",2'-(%-+1*!Q2'+%&+,'-!I9+$'2,+5>!?'&'+21!321-&$>!S18,6'$>!K%(%-!

m!
S18$21('9+!W-,"%2/,+5!'.!?&,%-&%!1-8!#%&$-'*'45>!V%)+E!'.!012,-%!<,/$%2,%/!1-8!J%/'92&%/>!

012,-%!3,'*'45!V,",/,'->!I*M09C1**1>!K%(%-!

!

,&##"9%&':-';($+27&#\!PE!O1"%24-%>!#%*!tjj!i!pr!kp!rm!is!

P(1,*!1882%//\!%8'9128E*1"%24-%u4(1,*E&'(!

#'!6%!/96(,++%8!

!

"=.-21#-!

O(*+/'")%! /),! 3/@22)! (+':%-(! 20! G282*'/! H(3/),! /),! *$%! V/,$'/92+*! 82/(*! 20! S%9%)! .%'%!

82),+8*%,!."*$! *$%! 21X%8*":%(! *2! &'2:",%! 1/(%3")%! ,/*/! 2)! %(*+/'")%! /),! 3/@22)! 0"($! ,":%'("*-5!

%(&%8"/33-!")!(+&&2'*!20!")02'9%,!82)(%':/*"2)!9/)/@%9%)*7!A!*2*/3!20!PP!(&%8"%(!")!?<!0/9"3"%(!

$/:%!1%%)!'%82',%,5!/92)@!.$"8$!PQ!(&%8"%(!")!?R!0/9"3"%(!.%'%!0'29!G282*'/!/),!>R!(&%8"%(!")!

<?! 0/9"3"%(!.%'%! 0'29! *$%!9/")3/),7! >?! (&%8"%(! '%&'%(%)*! )%.! 0/+)"(*"8! '%82',(! /),! *$%!92(*!

82992)! (&%8"%(! "(!#%21)'-! 712691! I42'((Fv35! <ooY=7! H)83+,")@! *$%! 8'"*"8/33-! /((%((%,! $"(*2'"8!

'%82',(! *$%! *2*/3! 0"($!,":%'("*-!20!%(*+/'"%(!/),! 3/@22)(!20!G282*'/! H(3/),! "(!%(*"9/*%,!/*!oYBqR!

(&%8"%(5!.$"8$!"(!'%3/*":%3-!$"@$%'!829&/'%,!."*$!(&%8"%(!"):%)*2'"%(!20!.%33B'%(%/'8$%,!82/(*/3!

%(*+/'"%(!0'29!G2+*$!A0'"8/7!#$%!$"@$!)+91%'!20!%82)29"8/33-!'%3%:/)*!(&%8"%(!20!0"($!'%82',%,!

*2! ,/*%! +),%'(82'%(! *$%! &/'/92+)*! "9&2'*/)8%! 20! *$%(%! 82/(*/3!./*%'! 12,"%(! /(! (&/.)")@! /),!

)+'(%'-!("*%(5!/),!02'!*$%!(+(*/")/1"3"*-!20!:"*/3!&'2:"("2)")@!%82(-(*%9!(%':"8%(7!

!

V)3'&2*.]!4"($!8299+)"*-5!%(*+/'-5!,":%'("*-5!'"8$)%((5!G282*'/!H(3/),5!W+30!20!A,%)5!S%9%)7!



N$/&*%'!<!B![":%'("*-!/),!829&2("*"2)!20!%(*+/'")%!/),!3/@22)!0"($!/((%913/@%(!20!G282*'/!H(3/),!

?R!

>%-2&*0#-:&%!

#$%!G282*'/!A'8$"&%3/@2!3"%(!")!/!'%@"2)!20!(*"33!'%3/*":%3-!&22'3-!F)2.)!82/(*/3!/),!9/'")%!

0"($!0/+)/(!1-!H),"/)!L8%/)!(*/),/',(7!4"($!/((%913/@%(!20!82/(*/3!%(*+/'"%(!/),!3/@22)(!20!*$%!

W+30! 20! A,%)5! *$%! A'/1"/)! G%/! 82/(*! 20! L9/)! /),! G29/3"/! $/:%! '%8%":%,! 3"**3%! /**%)*"2)! 1-!

'%(%/'8$%'(5!%(&%8"/33-!.$%)!829&/'%,!*2!*$%!$"@$3-!92)"*2'%,!82/(*/3!%(*+/'"%(!20!G2+*$BA0'"8/!

/),! T2U/91"h+%! IN2.3%-! /),!K$"*0"%3,5! >RR<n! V/''"(2)! /),!K$"*0"%3,5! <ppYn! g/9%(! %*! /375!

>RRon! K/33/8%! %*! /375! <pqQn! K$"*0"%3,5! >R<Rn! K$"*0"%3,! /),! N2.3%-5! >R<R=7! N2/(*/3! 0"($!

8299+)"*"%(! 20! S%9%)! $/:%! 1%%)! "):%(*"@/*%,! *2! (29%! ,%@'%%7! O(&%8"/33-! *$%! 82/(*/3!

%82(-(*%9(!20!G282*'/!A'8$"&%3/@2!/'%!20!'%@"2)/3!/),!@321/3!"9&2'*/)8%!/(!'%:%/3%,!1-!,%*/"3%,!

9/'")%!/),!82/(*/3!(+':%-(!82),+8*%,!0'29!<ppPB>RRR!")!*$%!0'/9%.2'F!20!*$%!DJ[6BWO4!/),!

O):"'2)9%)*/3! 6'2*%8*"2)! A+*$2'"*-! IO6A=!Yemen led project “Conservation a),! G+(*/")/13%!

Use of Socotra Archipelago” (Kemp, 1998, 2000; Zajonz and Khalaf, 2002; Zajonz et al., 2000; 

`/X2)U!/),!G/%%,5!>RR>=7!Z%(",%(!*$%!&+13"8/*"2)(!20!^%9&5!92(*!20!*$%!"8$*$-232@"8/3!'%(+3*(!20!

*$%(%!(+':%-(!/'%!-%*!*2!1%!&+13"($%,!I`/X2)U5!&%'(7!82997=7!

#$%!G282*'/!A'8$"&%3/@2!")83+,%(!*$%!9/")!"(3/),!20!G282*'/!/),!*$%!*$'%%!(9/33%'!"(3/),(!20!

G/9$/5! [/'(/! /),! A1,! /3B^+'"7! G282*'/! H(3/),! 3"%(! ")! *$%! )2'*$B.%(*%')! 82')%'! 20! *$%! H),"/)!

L8%/)5! /*! *$%! X+)8*"2)! 1%*.%%)! *$%! W+30! 20! A,%)! /),! *$%! A'/1"/)! G%/! /*! <>u?RmJ! YQuRRmO!

I4"@7!<7<=7!#$%!A'8$"&%3/@2!"(!8$/'/8*%'"U%,!1-!*$%!/3*%')/*")@!92)(22)!(%/(2)(!")!*$%!J2'*$%')!
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IV/,"12=5! 0"33%,! ."*$! (/),-B9+,,-! (%,"9%)*(! $23,")@!
%+*'2&$"8/*%,!(*/@)/)*!./*%'!(%&/'/*%,!0'29!*$%!(%/!1-!/!
@'/:%33-! 1%'95! ."*$! 9/)-! Z$121! (&E! /),! 0"3/9%)*2+(!
/3@/%7! L88/("2)/33-! 0322,%,! ,+'")@! *$%! 92)(22)! /),!
$29%!*2!/!3/'@%!)+91%'!20!1"',(7!

<oB[%*./$!c/@22)! 12°42’29.5’’N, 53°30’52.6’’E! A!:%'-!3/'@%!(/),-!($/332.!")*%'*",/3!3/@22)5!82))8*%,!1-!
/!&%'9/)%)*!*",/3!8$/))%3!*2!*$%!(%/7!

<qB^$2'!i+/,+1! 12°39’00.0’’N, 53°55’00.0’’E! G9/33! 3/@22)! /*! *$%! (%/! (",%5! .$"8$! "(! '/'%3-! 0322,%,!
,+'")@! $"@$! /),! (*2'9! ./*%'(7! H*! +(%,! *2! *$%! %(*+/'-! 20!
K/,"!i+/,+1!1+*!1%8/9%!(%&/'/*%,!0'29!"*!1-!/!'2/,7!

<pB^$2'!W"'9/$! 12°36’30.0’’N, 53°46’41.0’’E! c/'@%5! %32)@/*%,! F$2'! ."*$! 3"**3%! 0'%($./*%'! ")&+*5! ."*$!
:%'-!(20*!9+,!12**295!"*(!92+*$!)%/'!/!,%/,!9/)@'2:%7!!

>RB^$2'!G"B"'$"9! 12°39’35.0’’N, 54°02’12.8’’E! ^$2'! ."*$! ($/332.5! (*/@)/)*! /),! %+*'2&$"8/*%,! ./*%'5!
9/)-! Z$121! (&7! /),! 0"3/9%)*2+(! /3@/%7! #$%! 12**29! "(!
829&2(%,!20!82/'(%!(/),!/),!'+113%7!

><B^$2'![/)%@$/)! <>u?p’?Q7>’’N, 54°0>’<?7p’’E! ^$2'!/*! *$%!%/(*!20!V/,"127! H(23/*%,!0'29!*$%!(%/!1-! *$%!
'")@!'2/,7!

! ! !
E),)%!H1:%(1%*]!

qB^$2'!d+F+&! 14°34’34.5’’N, 49°13’43.6’’E! ^$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97! #$%!./,"! "(!
8'2((%,!+&!(*'%/9!1-!/!3/'@%!'2/,7!

<RB^$2'!G/$"%'! 14°39’55.4’’N, 49°24’55.6’’E! ^$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97! #$%!./,"! "(!
8'2((%,!+&!(*'%/9!1-!/!3/'@%!'2/,7!

<<B^$2'![+0%@/!! 14°45’45.4’’N, 49°37’51.2’’E! ^$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97! #$%!./,"! "(!
8'2((%,!+&!(*'%/9!1-!/!3/'@%!'2/,7!

#$"(!(*+,-!"(!&/'*!20!/! 3/'@%'!'%(%/'8$!&'2X%8*!")83+,")@!*$%!/)/3-(%(!20! *$%!@%)%*"8!(*'+8*+'%!IN$/&*%'!Q=!/),!*$%!2*23"*$!9"8'28$%9"(*'-!
IN$/&*%'!Y=!20!#E! 7126917!A(! "*!./(!,%("'/13%! *2!+(%!/!82)("(*%)*! 328/*"2)!)+91%'")@!/8'2((!(*+,"%(!/),!1%8/+(%!)2*!/33! 328/*"2)(!20! *$%!
&'2X%8*!.%'%!"):23:%,!")!*$%!&'%(%)*!(*+,-5!(29%!328/*"2)(!/'%!)2*!&'%(%)*%,!$%'%7!

!

!



N$/&*%'!<!B![":%'("*-!/),!829&2("*"2)!20!%(*+/'")%!/),!3/@22)!0"($!/((%913/@%(!20!G282*'/!H(3/),!

?Y!

52$2-92-.$/($'$/<9-9(

A1+),/)8%!/),!(&%8"%(!'"8$)%((!I?=!.%'%!'%82',%,!*2!8/38+3/*%!*$%!G$/))2)!(&%8"%(!%)*'2&-!

IH’=!IG$/))2)!/),!K%/:%'5!<pQp=;!

!" = #$[%& × '()%&*]+
&,. !

.$%'%!),!"(!*$%!'%3/*":%!/1+),/)8%!20!*$%!,
*$!(&%8"%(7!

A882+)*")@! 02'! *$%! 1"/(! 8/+(%,! 1-! *$%! ,"00%'")@! (/9&3")@! %002'*(5! "),":",+/3! 1/(%,! */E2)!

(/9&3")@!8+':%(!.%'%!+(%,!")!2',%'!*2!(*/),/',"U%!,/*/!(%*(!*2!/!82992)!)+91%'!20!"),":",+/3(!

02'! *$%!&+'&2(%(!20!829&/'")@!,":%'("*-!"),"8%(!/92)@!328/*"2)(!IW/+*$"%'!%*!/375!>R<Rn!W2*%33"!

/),! N23.%335! >RR<=7! [+%! *2! 32.! /1+),/)8%! /*! *$'%%! 328/*"2)(! I3%((! *$/)! ?R! "),":",+/3(! 02'!

[/)%@$/)5! i+/,+1! /),! G"B"'$"9=! *$2(%! ("*%(! .%'%! '%92:%,! 0'29! *$%! '/'%0/8*"2)5! 83+(*%'! /),!

2',")/*"2)! /)/3-(%(7! d/'%0"%,! (&%8"%(! '"8$)%((! /),! G$/))2)! "),%E! .%'%! 8/38+3/*%,! +(")@! *$%!

0+)8*"2)!2%-5,1&&9(!20! *$%!d!&/8F/@%!"%41-!+(")@!<5RRR!&%'9+*/*"2)(! IH$/F/!/),!W%)*3%9/)5!

<ppPn!c"+!%*!/375!>RRon!LF(/)%)!%*!/375!>RRq=7!

T2(*!,":%'("*-! "),"8%(!(+8$!/(! *$%!G$/))2)! "),%E!/'%!%)*'2&"%(!/),!)2*!,":%'("*"%(5! *$+(! /'%!

,"00"8+3*! *2! ")*%'&'%*7! V2.%:%'5! /33! ,":%'("*-! "),"8%(! 8/)! 1%! *'/)(02'9%,! ")*2! *'+%! ,":%'("*"%(!

I%h+":/3%)*! )+91%'! 20! (&%8"%(=5! .$"8$! /'%! *$%! )+91%'(! 20! %h+/33-B3"F%3-! %3%9%)*(! )%%,%,! *2!

&'2,+8%!*$%!@":%)!:/3+%!20!*$%!,":%'("*-!"),%E!Ig2(*5!>RRPn!g+'/(")(F"!/),!^28$5!>R<<n!T2'%)2!

/),!d2,'{@+%U5!>R<<=7!J+91%'(!%h+":/3%)*(!$/:%!*$%!/,:/)*/@%!*2!$/:%!*$%!(/9%!+)"*!I(&%8"%(=5!

*$+(!*2!1%!829&/'/13%!/),!*2!/:2",!1"232@"8/3!9"(")*%'&'%*/*"2)(!,+%!*2!*$%!)2)3")%/'"*-!20!92(*!

,":%'("*-!"),"8%(!Ig2(*5!>RRP=7!#$%!'/'%0"%,!G$/))2)!,":%'("*-!02'!%/8$!328/*"2)!./(!8/38+3/*%,!/(!

%:)IH’=! Ig2(*5! >RRPn! g+'/(")(F"! /),!^28$5!>R<<n!T2'%)2!/),!d2,'{@+%U5!>R<<=! /3(2!F)2.)!/(!

Hill’s number which gives the number of abundant species in a sample (Ludwig and!d%-)23,(5!

<pqq=. In addition Pielou’s evenness index (J’=5!"),"8/*")@!*$%!./-!")!.$"8$!*$%!*2*/3!)+91%'!20!

"),":",+/3(! "(!,"(*'"1+*%,!/92)@! *$%! *2*/3!)+91%'!20! (&%8"%(5!./(!8/38+3/*%,!/(! 02332.!I6"%32+5!

<pPP=;!

/0 = !"'()1*!
A3*$2+@$! &%'9+*/*"2)(! ,+'")@! d%)-"’s! 8/38+3/*"2)(! /332.%,! *$%! 8/38+3/*"2)! 20! pY!t!

82)0",%)8%!")*%':/3(!02'!%/8$!328/*"2)(5!&%'9+*/*"2)(!/'%!)2*!"),%&%),%)*!0'29!%/8$!2*$%'!/),!,2!

)2*!/332.!(*/*"(*"8/3!829&/'"(2)!/92)@!328/*"2)(7!V2.%:%'!(&%8"%(!'"8$)%((5!G$/))2)!,":%'("*-!

Iexp(H’)=!/),!Pielou’s e:%))%((!."33!(*"33!1%!(+"*/13%!,%(8'"&*2'(!20!*$%!3/@22)!/),!%(*+/'")%!0"($!

,":%'("*-! 20! *$%! /'%/! +),%'! (*+,-! /),! $%3&! %3+8",/*")@! *2!.$"8$! %E*%),! 328/*"2)(! 9"@$*! ,"00%'!

0'29!%/8$!2*$%'!Ig2(*5!>RRP=7!



N$/&*%'!<!B![":%'("*-!/),!829&2("*"2)!20!%(*+/'")%!/),!3/@22)!0"($!/((%913/@%(!20!G282*'/!H(3/),!

?P!

Z%*/!,":%'("*-!./(! "):%(*"@/*%,!+(")@!8299+)"*-! '%3/*%,)%((!1%*.%%)! 328/*"2)(7!A!&/"'."(%!

distance matrix between location was calculated based on Hellinger’s index using the function 

8%&'/+1-8!20!*$%!d!&/8F/@%!"%41-!Ic%@%),'%!/),!W/33/@$%'5!>RR<n!LF(/)%)!%*!/375!>RRq=;!

23455&6748)9.: 9;* = <>$?@%.& #<@%;&A;+
&<,<. !

.$%'%!:<!/),!:>!/'%!328/*"2)!<!/),!>5!)<,!/),!)>,!/'%!*$%!'%3/*":%!/1+),/)8%!20! *$%! ,
*$!(&%8"%(!/*!

328/*"2)!<!/),!>. Hellinger’s distance is the Euclidean distance between the square root of the 

'%3/*":%!/1+),/)8%(!20! *$%!829&/'%,!328/*"2)(!I^"),*!/),!N2%5!>RRYn!c%@%),'%!/),!W/33/@$%'5!

>RR<=7!#$%!V%33")@%'!*'/)(02'9/*"2)!/332.(!829&/'"(2)(!/92)@!328/*"2)(!."*$!:/'-")@!(/9&3")@!

%002'*5!/),!/3(2!'%,+8%(!*$%!%00%8*!20!$"@$3-!/1+),/)*!(&%8"%(!2)!*$%!2',")/*"2)!Ic%@%),'%5!>RRY=7!

A882',")@! *2! c%@%),'%! /),! c%@%),'%! I<ppq=5! V%33")@%'’s! ,"(*/)8%! '%&'%(%)*(! *$%! 1%(*!

829&'29"(%! 1%*.%%)! 3")%/'"*-! /),! '%(23+*"2)! .$%)! 829&/'%,! ."*$! 2*$%'! ,"(*/)8%(! I%7@7;! 8$"B

square distance) for linear ordination. Ward’s hierarchical joining clustering analysis based on 

V%33")@%'’s! ,"(*/)8%(! ./(! *$%)! +(%,! *2! @'2+&! 328/*"2)(! /882',")@! *2! *$%"'! ("9"3/'"*-! ")! 0"($!

8299+)"*-! 829&2("*"2). Ward’s method 9/E"9"U%(! *$%! ,"00%'%)8%(! /92)@! 83+(*%'(! /),!

9")"9"U%(! *$%! ,"00%'%)8%(! ."*$")! 83+(*%'(! I^"),*! /),! N2%5! >RRY=7! H)! /,,"*"2)5! &'")8"&/3!

components analyses (PCA’s) were used to produce ordination graphs that portray Hellinger’s 

,"(*/)8%! /92)@! 328/*"2)(! Ic%@%),'%! /),! W/33/@$%'5! >RR<=! 2)! &3/)(! ")! *$%! 9+3*","9%)("2)/3!

(&/8%! *$/*!."33!1%(*! %E&3/")! *$%!:/'"/*"2)!1%*.%%)! 328/*"2)(5!/),!@'2+&!,"00%'%)8%(!.%'%! *%(*%,!

+(")@!*$%!AJLGHT!&%'9+*/*"2)!*%(*(!I<5RRR!&%'9+*/*"2)(=!IN3/'F%!/),!W'%%)5!<pqq=7!A)/3-(%(!

.%'%!&%'02'9%,!+(")@!*$%!1-'/,(!0+)8*"2)!20!*$%!d!&/8F/@%!"%41-!ILF(/)%)!%*!/375!>RRq=7!

!

6).0(-.!

! A!*2*/3!Y5Ypq!0"($%(!,29")/*%,!1-!X+:%)"3%!("U%!83/((%(5!'%&'%(%)*")@!PP!(&%8"%(!1%32)@")@!*2!

?q! @%)%'/! /),!?<! 0/9"3"%(! IA&&%),"E!<=5! $/(! (2! 0/'! 1%%)! '%82',%,! 0'29! %(*+/'"%(! /),! 3/@22)(!

,+'")@!*$"(!(*+,-!(&/))")@!/!,%8/,%!20!(+':%-!.2'F7!A33!'%82',%,!(&%8"9%)(!/'%!(2!0/'!9/'")%!2'!

(%82),/'-!0'%($./*%'!I%7@7;!I)$1-,9/!8,/)12!d_&&%335!<q>p=!(&%8"%(5!'%(&%8*":%3-7!

!

?"'"#$/(:-@"#9-2<(

A12+*!PQ!(&%8"%(! 0'29!?R! 0/9"3"%(!.%'%!8/+@$*!2)!G282*'/! H(3/),! I>?!)%.!'%82',(=! /),!>R!

(&%8"%(! 0'29! <?! 0/9"3"%(! 2)! *$%!S%9%)!9/")3/),5! '%(&%8*":%3-7! #$%! 8+9+3/*":%! 0'%h+%)8-! 20!

(&%8"%(!&%'!0/9"3-!"(!&'%(%)*%,!")!4"@7!<7>7!W21"%(!IW21"",/%=!/'%!*$%!92(*!(&%8"2(%!0/9"3-!I"7%;!

'"8$!")!)+91%'!20!(&%8"%(=5!'%&'%(%)*")@!<<7pQ!t!20!/33!(&%8"%(!%)82+)*%'%,!02332.%,!1-!9+@"3",(!

IT+@"33",/%=7! #$%! *%)! '"8$%(*! 0/9"3"%(! ")! *%'9(! 20! )+91%'! 20! (&%8"%(! /'%! 3"(*%,! ")! #/13%!<7>!



N$/&*%'!<!B![":%'("*-!/),!829&2("*"2)!20!%(*+/'")%!/),!3/@22)!0"($!/((%913/@%(!20!G282*'/!H(3/),!

?o!

/882+)*")@! 02'! QR!(&%8"%(5! 2'! Yp7o!t! 20! /33! (&%8"%(5! '%(&%8*":%3-7! A! *2*/3! 20! <o! 0/9"3"%(! /'%!

'%&'%(%)*%,!1-!/!(")@3%!(&%8"%(!/),!*$'%%!0/9"3"%(!1-!*.2!(&%8"%(!2)3-7!

A critical assessment of Steindachner’s records (1902, 1903) of the Austrian expedition of 

<qpqBpp! '%:%/3%,! *$/*! /12+*! >q! (&%8"%(! .%'%! 8233%8*%,! 0'29! *$'%%! %(*+/'")%! ("*%(! 20! G282*'/5!

'%&'%(%)*")@! *$%! i/3/)("-/$! %(*+/'-! ")! *$%! .%(*5! #/9/'",/! %(*+/'-! IG+h=! )%/'! V/.3/0! ")! *$%!

8%)*'/3!)2'*$5!/),!62),!c%1")%!)%/'!^$2'!i+/'"-/!")!*$%!)2'*$B%/(*!20!G282*'/5!."*$!*.25!<Y!/),!

>R!(&%8"%(5!'%(&%8*":%3-7!#$%!+&,/*%,!)29%)83/*+'%!20!*$%(%!'%82',(!/),!/!829&/'"(2)!."*$!*$%!

(&%8"%(! /882+)*! 20! *$%! &'%(%)*! (*+,-5! ")83+,")@! 8'"*"8/3! '%9/'F(5! "(! &'2:",%,! ")! A&&%),"E!?7!

Eleven of Steindachner’s species were also recorded by the present study5! 02+'!/'%! 82)(",%'%,!

'%3"/13%! /,,"*"2)/3! '%82',(! /),! *.%3:%! )29")/3! (&%8"%(! $/:%! &2*%)*"/33-!9/*8$")@! (&%8"%(! I"7%7;!

1%")@!832(%3-!'%3/*%,=!/92)@!*$%!&'%(%)*!/882+)*5!*$%'%02'%!'%h+"'")@!*/E2)29"8!'%B%E/9")/*"2)!

of Steindachner’s voucher specimens according to current literature. A furt$%'! *$'%%! 20! $"(!

'%82',(!/'%!,2+1*0+3!02'!,"00%'%)*!'%/(2)(!/),!'%h+"'%!:%'"0"8/*"2)!/(!.%337!

#$%!&'%(%)*!(*+,-!82+3,!)2*!82)0"'9!*$%!&'%(%)8%!20!&'"9/'-!0'%($./*%'!(&%8"%(5!")!&/'*"8+3/'!

)2*!*$%!&'%(%)8%!2)!G282*'/!20!*.2!(&%8"%(!1%32)@")@!*2!*$%!@%)%'/!Z1)'%+1!/),!P/'(9/5!.$"8$!

.%'%! *'/8%,! /92)@! *$%! 8233%8*"2)(! 20! *$%! <qq<Bq>! %E&%,"*"2)! *2! G282*'/! 1-! d"%1%8F! /),!

G8$.%")0+'*!I^'+&&!%*!/375!>RRP=7!#$'%%!/,,"*"2)/3!W21"",/%!(&%8"%(!20!*$"(!8233%8*"2)!&2*%)*"/33-!

'%&'%(%)*!-%*!+)",%)*"0"%,!@21"",!(&%8"%(!20!*$%!&'%(%)*!(*+,-7!

!

!
J:+02)!@`F]!80,0(1-:C)!52)c0)%#3!&5!.?)#:).!?)2!51,:(3!

!

<1=()!@`F]! G:.-! &5! -9)! -)%! ?2)*&,:%1%-! 51,:(:).!
.&2-)*!=3!.?)#:).!%0,=)2!

61%$! J1,:(3! /?)#:).!%&! /?)#:).!%&!d!

<! W21"",/%! q! <<7pQ!

>! T+@"3",/%! Q! Y7po!

?! c+*X/)",/%! Q! Y7po!

Q! W%''%",/%! Q! Y7po!

Y! V/%9+3",/%! Q! Y7po!

P! c%*$'")",/%! Q! Y7po!

o! N3+&%",/%! ?! Q7Qq!

q! A91/((",/%! ?! Q7Qq!

p! N/'/)@",/%! ?! Q7Qq!

<R! c%"2@)/*$",/%! ?! Q7Qq!

(

5%".-"9(&..+##"'."($':(9%".-"9($*+':$'."(

#$%! 0'%h+%)8"%(! 20! 288+''%)8%5! 1/(%,! 2)! *$%! )+91%'! 20! 328/*"2)(! .$%'%! /! (&%8"%(! ./(!

'%82',%,5!.%'%!'%3/*":%3-!$"@$!02'!0":%!(&%8"%(!I#%21)'-!7126915!T+@"3",/%!(&7!<5!W21"",/%!(&7!?5!

I)$1-,9/!8,/)12!/),!S5)'2$1()$9/!/,-8%-/,/!d%@/)5!<pRY=7!#$2(%!(&%8"%(!.%'%!&'%(%)*!2)!12*$!
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?q!

G282*'/! H(3/),!/),!S%9%)!9/")3/),5! *$+(! '%:%/3")@!

*$%"'!.",%!,"(*'"1+*"2)!*$'2+@$2+*!*$%!(*+,"%,!'%@"2)!

I#/13%!<7?!/),!4"@7!<7?/=7!#$%!,"(*'"1+*"2)!20!(&%8"%(!

288+''%)8%! 0'%h+%)8"%(! I4"@7!<7?1=! ($2.(! *$/*! /!

9/X2'"*-! 20! *$%! (&%8"%(! "(! '%82',%,! /*! 2)3-! 0%.!

328/*"2)(7!T2'%2:%'5!/!*2*/3!20!QP!(&%8"%(!.%'%!2)3-!

'%82',%,!/*!G282*'/!/),5!*.2!(&%8"%(!IW21"",/%!(&7!Y!

/),! ?)$521%-1! 7%**'! N+:"%'5! <q>p=! .%'%! '%82',%,!

2)3-!/*!9/")3/),!328/*"2)(7!

!#$%!02+'!92(*!/1+),/)*!0"($!(&%8"%(!")83+,%!2)%!

20! *$%! 02+'!9+@"3",!(&%8"%(!I(&7!<=5!#%21)'-! 7126915!

S5)'2$1()$9/! /,-8%-/,/! /),! I(61//,/! 89//9(,%2,!

N+:"%'5! <q>q! /),!/882+)*! 02'! /'2+),!PR7Q!t!20! *$%!

*2*/3! /1+),/)8%7!K"*$!#%21)'-! 7126915!T+@"3",/%! (&7!<5! /),!S5)'2$1()$9/! /,-8%-/,/! *$'%%!20!

*$%! 0":%!92(*! 0'%h+%)*! (&%8"%(! ")! *%'9(!20! 288+''%)8%(! /3(2! ,29")/*%! *$%! '%3/*":%! /1+),/)8%(5!

*$%'%02'%!'%&'%(%)*")@!(+&%'"2'!82)(*"*+%)*(!20!*$%!%(*+/'")%!%82(-(*%9(!+),%'!(*+,-7!4'%h+%)8"%(!

20!(&%8"%(!/1+),/)8%!/'%!&'%(%)*%,!")!#/13%!<7Q!/),!4"@7!<7Q7!
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?)129/!�Z$25/')$25/�!6,.1/&,1+9/! I&1-+$')1429/!6,.1/&,1+9/!I42'((Fv35!<ooY=! <! 7! 7! 7! <!

! ! ! ! ! ! !
Z2%-,8%-/!,-8,&9/! Z2%-,8%-/!&2%-,8%-/!I42'((Fv35!<ooY=!�((&7!},-8,&9/}![/-5!<qo?��! E! 7! <! 7! <!

#/E2)29"8!:/3","*-!20!ZE!,-8,&9/![/-5!<qo?!)2*!0+33-!'%(23:%,n!",%)*"0"8/*"2)!*2!1%!:%'"0"%,!/*!JVT!\"%))/7! ! ! ! ! !

! ! ! ! ! ! !
Q14%**9/!1..,-,/! Q14%**9/!1..,-,/!Z2+3%)@%'5!<qqq! 7! <! 7! 7! 7!

H,%)*"0"8/*"2)!*2!1%!:%'"0"%,!/*!JVT!\"%))/5!1+*!3"F%3-!*2!288+'7! ! ! ! ! !

! ! ! ! ! ! !
R.)--:*1)! H&%&*1#-3(:*1)! ! ! ! ! !

Q/%++9/!124%-+%9/! 0'-'81&+5*9/!124%-+%9/!Ic"))/%+(5!<oYq=! <! 7! 7! 7! <!

! ! ! ! ! ! !
<9)21?&%:*1)! <)21?&%-:*1)! ! ! ! ! !

#$%21)'-!712691! #%21)'-!712691!I42'((Fv35!<ooY=! <! 7! 7! 7! <!

! ! ! ! ! ! !
V09(::*1)! V09(::*1)! ! ! ! ! !

G9$*,1!+1%-,921! G9$*,1!(94,*!I42'(*%'5!<qR<=! <! 7! 7! 7! <!

! ! ! ! ! ! !
;&=::*1)! ;&=::*1)! ! ! ! ! !

D'6,9/!1216,&9/! Z25)+'&%-+2',8%/!1216,&9/!IW9%3")5!<oqp=! 7! 7! <! <! 7!

H,%)*"0"8/*"2)!*2!1%!:%'"0"%,!/*!JVT!\"%))/7!G&%8"%(! "(!+)3"F%3-! *2!288+'! ")! 0'%($./*%'!&223(5!/(! '%&2'*%,!1-!
G*%"),/8$)%'7!

! ! ! ! !

! ! ! ! ! ! !
P*%'+2,/!.9/&1! P*%'+2,/!.9/&1!IG8$)%",%'!~!42'(*%'5!<qR<=! 7! 7! <! 7! <!

6'21/13-! /3(2! &'%(%)*! /92)@! *$%! d"%1%8F! ~! G8$.%")0+'*$! 9/*%'"/3n! ",%)*"0"8/*"2)! *2! 1%! :%'"0"%,! /*! JVT!
\"%))/5!1+*!3"F%3-!*2!288+'7!
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q<!

/0,,123!

!

8&%-)Q-]! #$%! 3/(*! 8$/&*%'! &'2:",%,! 1/(%3")%! ,/*/! 2)! G282*'/! H(3/),! /),! S%9%)! 9/")3/),!

%(*+/'")%! /),! 3/@22)! 0"($! ,":%'("*-5! ($2.")@! *$/*! G282*'/! %(*+/'")%! 0"($! ,":%'("*-! "(! $"@$! 1-!

regional comparison and that the island appears as a biogeographic “stepping stone” for several 

(&%8"%(! ")! *$%! '%@"2)5! *$+(! +),%'(82'")@! *$%! &/'*"8+3/'! 82)(%':/*"2)! "9&2'*/)8%! 20! G282*'/7!

T2'%2:%'5!$/30!20! *$%!'%82',%,!%(*+/'")%!(&%8"%(!.%'%!82)(",%'%,!'%3%:/)*!(&%8"%(!02'! *$%!328/3!

%82)29-7! A(! G282*'/! %(*+/'"%(! /'%! +),%'! ")8'%/(")@! /)*$'2&2@%)"8! *$'%/*5! *$%! )%%,! *2! 1%**%'!

understand TOCE’s functioning in this complex monsoon driven climate environment! 1%829%!

")8'%/(")@3-!%((%)*"/37!

!

":,.]!#$%! /"9(!20! *$"(! (*+,-!/'%!<=!*2! /((%((! (%/(2)/3! %00%8*(! 20! *$%!G+99%'!T2)(22)!2)!

Fulton’s condition factor K and 2)!*2! 829&/'%! c%)@*$BK%"@$*! d%3/*"2)($"&! IcKd=! 20! *$%!

(%)*")%3! (&%8"%(! I#%21)'-!712691=! 0'29! *$%! .",%'! W+30! 20! A,%)! '%@"2)! ."*$! *$/*! 0'29! 2*$%'!

'%@"2)(7!

!

H1-)2:1(.! 1%*! ,)-9&*.]!A! *2*/3! 20! P>R! (&%8"9%)(! 8233%8*%,! ")! %(*+/'"%(! /),! /*! (%/! .%'%!

9%/(+'%,!/),!.%"@$*%,!,+'")@!0"%3,!(+':%-(!8/''"%,!2+*!")!>RRo!/),!>RRq!,+'")@!&'%B!/),!&2(*B!

G2+*$BK%(*%')! 92)(22)! &%'"2,(7! cKd! /)/3-("(! ./(! &%'02'9%,! 02'! *$%! .$23%! ,/*/! (%*! /),!

829&/'%,! ."*$! *$/*! 0'29! 2*$%'! '%@"2)(! /0*%'! /&&3-")@! +)"*! 9%/(+'%9%)*! 82''%8*"2)s. Fulton’s 

82),"*"2)!0/8*2'!./(!8/38+3/*%,!/),!*%9&2'/3!I2)3-!02'!2)%!328/*"2)=!/),!(&/*"/3!I2)3-!02'!*$%!&'%B

92)(22)!&%'"2,=!829&/'"(2)(!.%'%!"):%(*"@/*%,!+(")@!^'+(F/3BK/33"(!*%(*(!I^'+(F/3!/),!K/33"(5!

<pY>=7!

!

6).0(-.]!#$%!3%)@*$B.%"@$*!'%3/*"2)($"&!20!*$%!(*+,"%,!&2&+3/*"2)(!20!#E!712691!"(!,%*%'9")%,!

/(!K!r!R7R>qq!�!Gc>7pp5!."*$!'>!r!R7pP!/),!"(!82)("(*%)*!."*$!%E"(*")@!,/*/!2)!*$%!(&%8"%(!0'29!

other regions. Significant seasonal differences were found in Fulton’s condition factor of 

#E!712691E!

!

8&%#(0.:&%]! #$%! $"@$! ^! :/3+%(! ,+'")@! *$%! &2(*B! G+99%'!T2)(22)! &%'"2,! /'%! *$%! ,"'%8*!

82)(%h+%)8%(!20!*$%!(%/(2)/3!+&.%33")@!'%(&2)("13%!20!$"@$%'!&'2,+8*":"*-!/),!022,!/:/"3/1"3"*-7!

H),%%,5!(*'2)@!82/(*/3!."),!/),!./:%!/8*"2)!%(*/13"($")@!82))%8*"2)(!1%*.%%)!%(*+/'"%(!/),!*$%!

0%'*"3%! 28%/)!./*%'!9/((%(! /'%! '%(&2)("13%! 20! $"@$%'! 022,! /:/"3/1"3"*-5! *$+(! /332.")@! 0"($%(! *2!

")8'%/(%!")!.%"@$*!")!/!($2'*!&%'"2,!20!*"9%7!#$"(!(*+,-!$"@$3"@$*(!*$%!"9&2'*/)*!'23%!*$/*!&3/-(!

the monsoon system in TOCE’s functioning and in the biology of estuarine fishes.!
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q>!

Z)Q-!#91?-)2]!To improve the understanding of TOCE’s functioning and their fish population 

(*'+8*+'%! /),! ,-)/9"8(! 1/(%,! 2)! #E! 7126915! *$%! *$"',! 8$/&*%'! ."33! &'%(%)*! *$%! "(23/*"2)! /),!

8$/'/8*%'"U/*"2)!20!*$%!)")%!0"'(*!9"8'2(/*%33"*%!328"!20!#E!7126915!.$"8$!."33!1%!+(%,!")!*$%!02+'*$!

8$/&*%'7!

!

! !
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q?!

G)%+-9A'):+9-!2)(1-:&%.9:?!1%*!.)1.&%1(! )55)#-.!&5! -9)!/0,,)2!H&%.&&%!&%!

#&%*:-:&%! 51#-&2! &5!!"#$%&'( )$#*+$! IJ&2..$K(D! @LLMN! 52&,! -9)!':*)2!;0(5! &5!

"*)%!:%#(0*:%+!/&#&-21!>.(1%*!

PE!O1"%24-%!
h>!i>!j

>!WE!X17'-H!
i>!h!
>!OE!?%**,-!

!j
!

!
h!
?%-&C%-6%24! <'2/&$9-4/,-/+,+9+! 9-8! ^1+92(9/%9(>! ?%C+,'-! F&$+$5'*'4,%! –!

?%-&C%-6%241-*14%!il>!mnjil!<21-C.92+!1(!01,->!V%9+/&$*1-8!

i!
3,'8,"%2/,+o+! 9-8! G*,(1! <'2/&$9-4/H%-+29(! ;3,GM<=! –! ?%-&C%-6%241-*14%! il>! mnjil!

<21-C.92+!1(!01,->!V%9+/&$*1-8!

j!
W-,"%2/,+T!8%!32%+14-%!g&&,8%-+1*%>!W0J!mljp>!Z^J?qFJVqW3g>!O16'21+',2%!8%/!?&,%-&%/!

de l’Environ-%(%-+!012,-!OP0IJ>!F-/+,+9+!W-,"%2/,+1,2%!P92')T%-!8%!*1!0%2>!J9%!V9('-+!

8dW2",**%>!ipirn!Q*'9H1-T>!<21-&%!

!

,&##"9%&':-';($+27&#\!PE!O1"%24-%>!#%*!tjj!i!pr!kp!rm!is!

P(1,*!1882%//\!%8'9128E*1"%24-%u4(1,*E&'(!

K+*/-97":( $9\! c/:%'@)%5! O75! `/X2)U5! D75! G%33")5! c7! I>R<>=7! c%)@*$B.%"@$*! '%3/*"2)($"&! /),!

(%/(2)/3! %00%8*(! 20! *$%!G+99%'!T2)(22)! 2)! 82),"*"2)! 0/8*2'! 20!#%21)'-! 712691! I42'((Fv35!

<ooY=!0'29!*$%!.",%'!W+30!20!A,%)!")83+,")@!G282*'/!H(3/),7!N'92-1*!'.!I))*,%8!F&$+$5'*'457!

[LH;!<R7<<<<MX7<Q?pBRQ>P7>R<>7R>R<q7E7!

!

"=.-21#-!

#$%! &'%(%)*! (*+,-! "):%(*"@/*%(! *$%! 3%)@*$B.%"@$*! '%3/*"2)($"&! /),! *$%! 82),"*"2)! 0/8*2'! 20!

&2&+3/*"2)(!20!*$%!H),2B6/8"0"8!0"($!#%21)'-!712691!I42'((Fv35!<ooY=!8233%8*%,!")!*$%!.",%'!W+30!

20!A,%)5!)2*/13-!0'29!G282*'/!H(3/),!/),!*$%!V/,$'/92+*!82/(*!20!S%9%)7!#$"(!'%@"2)!,"(&3/-(!

/! 92)(22)! 83"9/*%5! ."*$! .",%! (%/(2)/3! :/'"/*"2)! /00%8*")@! %(*+/'")%! $/1"*/*(7! A! *2*/3! 20! P>R!

(&%8"9%)(! 8233%8*%,! ")! %(*+/'"%(! /),! /*! (%/!.%'%!9%/(+'%,! /),!.%"@$*%,! ,+'")@! 0"%3,! (+':%-(!

8/''"%,!2+*!")!>RRo!/),!>RRq!,+'")@!&'%B!/),!&2(*B!G2+*$BK%(*%')!92)(22)!&%'"2,(7!#$%!3%)@*$B

.%"@$*! '%3/*"2)($"&! 20! *$%! (*+,"%,! &2&+3/*"2)(! 20! #%21)'-! 712691! "(! ,%*%'9")%,! /(!

K!r!R7R>qq!�!Gc>7pp5!."*$!'>!r!R7pP!/),!"(!82)("(*%)*!."*$!%E"(*")@!,/*/!2)!*$%!(&%8"%(!0'29!2*$%'!

regions. Significant seasonal differences were found in Fulton’s condition factor of #%21)'-!

7126917!

!

V)3'&2*.]! #%21)'-! 7126915! 3%)@*$B.%"@$*! '%3/*"2)($"&5! 82),"*"2)! 0/8*2'5! 92)(22)5! W+30! 20!

A,%)5!G282*'/!H(3/),!

! !
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qQ!

>%-2&*0#-:&%!

#$%!@'+)*%'!#%21)'-!712691!(Terapontidae, Perciformes) locally known as “Dirhar” in Yemen 

mainland and “Habraham” on Socotra Island, inhabits marine and brackish waters o0! *$%!H),2B

K%(*! 6/8"0"8! I^3/+(%."*U! /),! J"%3(%)5! <pPYn! J"%3(%)5! <poQn! \/'"5! <poq=! /),! ./(! '%8%)*3-!

21(%':%,! ")! *$%! O/(*%')! T%,"*%''/)%/)! IW23/)"! /),! A&&%31/+9BW23/)"5! >R<R=7! O(*"9/*%(! 2)!

3%)@*$B.%"@$*! '%3/*"2)($"&(! IcKd=! 02'! *$"(! (&%8"%(! $/:%! 1%%)! '%&2'*%,! 0'29! &2&+3/*"2)(! ")!

#$/"3/),!IS/)/@/./5!<ppQ=5!H),2)%("/!I6/+3-!%*!/375!<ppP=5!J%.!N/3%,2)"/!I^+31"8F"!%*!/37!>RRYn!

c%*2+')%+'!%*!/375!<ppq=5!G2+*$!A0'"8/!IV/''"(2)5!>RR<=5!N$")/!I`$/)@!%*!/375!>RR>=7!

#$%!83"9/*%!20!*$%!(*+,"%,!'%@"2)!"(!8$/'/8*%'"U%,!1-! *$%!/3*%')/*")@!92)(22)!(%/(2)(!")!*$%!

J2'*$%')!H),"/)!L8%/)!,'":%)!1-!*$%!H)*%'B#'2&"8/3!N2):%'@%)8%!`2)%!IH#N`=7!4'29!L8*21%'!*2!

4%1'+/'-! *$%!.%/F%'!K")*%'! 2'! )2'*$B%/(*!T2)(22)! ,29")/*%(!."*$! /! '/")-! &%'"2,! (*/'*")@! ")!

L8*21%'!/),!1%")@!(*'2)@%(*!")!J2:%91%'M[%8%91%'7!4'29!A&'"3MT/-!*2!G%&*%91%'!*$%!02'8%0+3!

G+99%'!2'!(2+*$B.%(*!92)(22)!132.(!(*'2)@!$2*!."),(!*$/*!@%)%'/*%!+&.%33")@!20!823,!)+*'"%)*B

'"8$!./*%'(! 2)! 12*$! *$%! )2'*$! /),! (2+*$! 82/(*(! 20! G282*'/5! /),! 2)! *$%! (2+*$! 82/(*! 20! S%9%)!

9/")3/),!I43%"*9/))!%*!/375!>RRQn!4'/*/)*2)"!%*!/375!>RRPn!^3/+(!/),!#+')%'5!>RRQn!G8$23*%!/),!

[%!W%%(*5!>R<R=7!#$%!21X%8*":%!20!*$%!&'%(%)*!(*+,-!"(!*2!829&/'%!cKd!20!#%21)'-!712691!0'29!

*$%!.",%'!W+30!20!A,%)!'%@"2)!."*$!*$/*!0'29!2*$%'!'%@"2)(!/),!*2!/((%((!(%/(2)/3!%00%8*(!20!*$%!

Summer Monsoon on Fulton’s condition factor K (Froese5!>RRPn!T+8$3"(")!%*!/375!>R<Rn!6/+3-5!

<pqQ=7!

!

H1-)2:1(.!1%*!,)-9&*.!

5$0%/-';($':(0"$9+#"0"'29(

P>R!(&%8"9%)(!20!#%21)'-!712691!.%'%!(/9&3%,!+(")@!/!?R!9!(%")%!)%*!I<R!99!9%($!("U%=!/*!

,"00%'%)*! 328/*"2)(! ")! *$%! .",%'! W+30! 20! A,%)! '%@"2)! ")83+,")@! G282*'/! H(3/),! /),! *$%!

V/,$'/92+*!82/(*!20!S%9%)!0'29!>RRo! *2!>RRq!,+'")@!&'%B!/),!&2(*B!(2+*$B.%(*%')!92)(22)!

&%'"2,(7!#$%!G*/),/',!c%)@*$!IGc=!20!/33!21(%':%,!(&%8"9%)(!'/)@%,!0'29!Q7o!*2!>o7p!895!."*$!/!

9%/)!:/3+%!20!q7o!897!A33!(&%8"9%)(!.%'%!9%/(+'%,!*2!*$%!)%/'%(*!R7<!89!/),!.%"@$%,!IK=!*2!

*$%!)%/'%(*!@'/99%7!

(

P"';27YZ"-;72(#"/$2-&'97-%(

#$%!(%E!./(!)2*!,"00%'%)*"/*%,!")!*$"(!(*+,-7!A3*$2+@$!92(*!20!*$%!(/9&3%(!.%'%!X+:%)"3%(!"*!"(!

/&&'%8"/*%,! *$/*! (%E!9/-! $/:%! /00%8*%,! *$%! cKd7!#$%! cKd!./(! ,%*%'9")%,! 1-! *$%! %h+/*"2)!

K!r!1!�!Gc67! Z2*$! &/'/9%*%'(! 1! /),! 6! .%'%! %(*"9/*%,! 1-! 2',")/'-! 3%/(*! (h+/'%(! '%@'%(("2)!

*$'2+@$!/!32@/'"*$9"8!*'/)(02'9/*"2)!20!*$%!,/*/;! *'4IK=!r!*'4I1=!�!6!�!*'4IGc=!.$%'%!*'4I1=!"(!

*$%! ")*%'8%&*! /),! 6! *$%! (32&%! 20! *$%! '%@'%(("2)! 3")%! IN3/'F5! <p>qn! 4'2%(%5! >RRPn! ^%-(5! <p>qn!
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qY!

^+31"8F"! %*! /375! 2005). The hypothesis of isometric growth was tested by Student’s +B*%(*7! #2!

829&/'%!*$%!%(*"9/*%(!02+),!")!*$"(!(*+,-!."*$!*$2(%!'%&2'*%,!1-!2*$%'!/+*$2'(!")!,"00%'%)*!/'%/(!

20! *$%! H),2BK%(*!6/8"0"8! '%@"2)! I#/13%!>7<=5!4'2%(%! I>RRP=!&'2&2(%,! *2!82''%8*!&/'/9%*%'!1!1-!

/&&3-")@!*$%!02332.")@!02'9+3/;!1’!r!1!�!<R6!I0'29!,/*/!")!99!/),!@!*2!,/*/!")!89!/),!@=7!

!

<1=()!F`@]!B).#2:?-:C)!.-1-:.-:#.!1%*!).-:,1-)*!?121,)-)2.!&5!()%+-9A'):+9-!2)(1-:&%.9:?.!5&2!!6()$#*+$(

! ! G)%+-9!I#,N! ! GY6!R121,)-)2.!

! '((

(
H:%! H1Q! ! ( $( $!8(!hMd( *( *!8(!hMd! 2F!

R2).)%-!.-0*3! _Ff! S`L! FL`h! /G! ! f`fFbb! f`fF_FA!f`fO@b! F`hh! F`hMA!O`fS! f`h_!

^+31"8F"!%*!/37!>RRY!z! qo! >7R!! >q7Y! 4c! ! R7R<?>! B! ?7<?! B! R7pq!

`$/)@!%*!/37!>RR>!z! B! B! B! B! ! R7R?qp! B! >7qo! B! B!

V/''"(2)!>RR<zz! oR! <7R! <Q7q! Gc! ! R7R?QR! B! >7pQ! B! R7pp!

c%*2+')%+'!%*!/37!<ppq!z! po! >7R! >q7Y! 4c! ! R7R<YQ! B! ?7Rq! B! R7pq!

6/+3-!%*!/37!<ppPz! B! q7R! <p7R! 4c! ! R7RoQq! B! >7Y>! B! R7pq!

S/)/@/./!<ppQ!z! P! p7P! >P7q! #c! ! R7R>>>! B! >7qq! B! R7pp!

J5!(/9&3%!("U%n!T")5!9")"9+9n!T/E5!9/E"9+9n!4c5!42'F!c%)@*$n!Gc5!G*/),/',!c%)@*$n!#c5!#2*/3!c%)@*$!
z! [/*/!8233%8*%,!0'29!4"($Z/(%!I4'2%(%!/),!6/+3-5!>R<<=!
zz! L'"@")/3! 3%)@*$!./(! ")!99! /),!.%"@$*! ")! @5! &/'/9%*%'! 1! ./(! 82''%8*%,! +(")@! *$%! 02332.")@! %h+/*"2);!

1’!r!1!�!<R6!I4'2%(%5!>RRP=!

!

Fulton’s conditi&'(8$.2&#(
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.%'%!(/9&3%,!/),!&3/8%,!")!pYt!%*$/)237!T+(83%!*"((+%(!20!(%:%)!/,,"*"2)/3!0'2U%)!(&%8"9%)(!

8233%8*%,!1-!0"($%'9%)!")!82/(*/3!./*%'!>Y!9"3%(!200!T2@/,"(8"2!IG29/3"/=!.%'%!/3(2!&'%(%':%,!

")! pYt! %*$/)237! #2*/3! @%)29"8![JA!./(! %E*'/8*%,! 0'29! *"((+%! (/9&3%(! +(")@! A8'26'%&™!pP!

.%33!4"3*%'!63/*%(!I<!9c=!."*$!<!�9!W3/((!4"1%'!9%,"/!I6Acc�!YRY<=5!02332.")@!*$%!%E*'/8*"2)!

&'2*2823!02'![JA!1/'82,")@!1-!H:/)2:/!%*!/37!I>RRP=7!

!
<1=()!S`@]!/1,?(:%+!(&#1-:&%.!

G&#1-:&%.! 8&&2*:%1-).!IG1-`D!G&%+`N! !

<B^$2'![%3"($/! 12°41’11.3’’N, 54°07’47.8’’E! G$/332.! F$2'! "(23/*%,! 1-! /! (/),! 1%'95! ."*$! /! :%'-! 32.!
./*%'! 3%:%3! ,+'")@! *$%! ,'-! &%'"2,7! \%'-! %+*'2&$"8/*%,5!
9/)-! Z$121! (&E! /),! 0"3/9%)*2+(! /3@/%7! A!“bridge” 

($2+3,! /332.! ./*%'! *2! 8"'8+3/*%! 1+*! ,"(")*%@'/*")@!
82)(*'+8*"2)! 9/*%'"/3! I'28F(=! '%,+8%(! ("@)"0"8/)*3-! *$%!
./*%'!032.7!

>B^$2'![+1%)/! 12°40’16.3’’N, 54°09’01.6’’E! G$/332.! F$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97!
N2)*")+2+(! (32.! 032.! 20! :%'-! 83%/'! 0'%($! *2! 1'/8F"($!
./*%'!8'2((")@!/!,/*%!&/39!&3/)*/*"2)7!

?B^$2'!i+/'"-/! 12°38’31.8’’N, 54°13’29.1’’E! c/'@%! F$2'! 82))%8*%,! *2! *$%! (%/! /*! *$%! *"9%! 20! *$%!
(+':%-(5!2)3-!'/'%3-!"(23/*%,!1-!/!(/),!1%'97!G*/@)/)*!*2!
:%'-!(32.!032.")@!./*%'!0'29!*$%!$")*%'3/),7!

QBA'$%)! 12°36’44.0’’N, 54°18’16.0’’E! \%'-!(9/33!0'%($./*%'!(*'%/9!'+))")@!0'29!F/'(*!8/:%(!")!
*$%!82/(*/3!%(8/'&9%)*7!

YB^$2'!T/*"%0! 12°26’48.5’’N, 54°18’17.6’’E! c/'@%!F$2'!"(23/*%,!1-!/!@'/:%33-!1%'9!'%(*")@!2)!/!(/),-!
12**295! .$"8$! 9/-! "9&3-! (3"@$*! ")*%'(*"*"/3! ./*%'!
%E8$/)@%!.$%)!)2*!82))%8*%,! *2! *$%!(%/7!L&%)%,!,+'")@!
*$%!92)(22)!(*2'9(!/),!/((28"/*%,!0322,./*%'(7!

PB^$2'!Z",$23%$! 12°19’45.8’’N, 54°00’29.5’’E! ^$2'! 2&%)%,! *2! *$%! (%/! ."*$! $"@$3-! 3"9"*%,! 0'%($./*%'!
")&+*5!+(%,!1-!328/3!0"($%'9%)!/(!/!0"($!3/),")@!("*%7!

qB^$2'!d+F+&! 14°34’34.5’’N, 49°13’43.6’’E! ^$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97! #$%!./,"! "(!
8'2((%,!+&!(*'%/9!1-!/!3/'@%!'2/,7!

pB!d+F+&!IG%/=! 14°33’20.3’’N, 49°14’12.8’’E! c28/*%,!")!0'2)*!20!^$2'!d+F+&!IQR!9!,%&*$=7!!!

<RB^$2'!G/$"%'! 14°39’55.4’’N, 49°24’55.6’’E! ^$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97! #$%!./,"! "(!
8'2((%,!+&!(*'%/9!1-!/!3/'@%!'2/,7!

<<B^$2'![+0%@/!! 14°45’45.4’’N, 49°37’51.2’’E! ^$2'! &%'"2,"8/33-! "(23/*%,! 1-! /! (/),! 1%'97! #$%!./,"! "(!
8'2((%,!+&!(*'%/9!1-!/!3/'@%!'2/,7!

<?BH'/)! >ou>?’PR7R’’J5!Y>u><’?P7R’’O! J2!")02'9/*"2)!

<QBH),"/! <puR<’<>7R’’J5!o>u>o’?P7R’’O! J2!")02'9/*"2)!

<YBN$")/! »!21°N, 110°35’60’’E! 4"($%(! .%'%! 8/+@$*! /*! ,"00%'%)*! ("*%(! /'2+),! `$/)X"/)@!
IN$")/=5! $2.%:%'! /33! (&%8"9%)(!.%'%! 8233%8*%,!."*$")! /!
YRBoY!F9!'/,"+(!/'%/7!

#$"(!(*+,-!"(!&/'*!20!/!3/'@%'!(+':%-!")83+,")@!%(*+/'")%!0"($!8299+)"*-!/)/3-("(!IN$/&*%'!<=5!/),!*'/8%!%3%9%)*!
/)/3-("(! 20!#E! 712691! 2*23"*$(! IN$/&*%'!Y=7!A(!.%!."($%,! *2! 1%! 82)("(*%)*! ."*$! 328/*"2)! )+91%'")@! 1%*.%%)!
(*+,"%(!/),!1%8/+(%!/33!328/*"2)(!20!*$%!(+':%-!.%'%!)2*!"):23:%,!")!*$%!&'%(%)*!(*+,-5!*$%!328/*"2)(!o!/),!<>!
.%'%!)2*!&'%(%)*%,!$%'%7!

!

K#&2&.&/(8&#(G-;7(A"9&/+2-&'(R"/2-';(H'$/<9-9(\GARH](&8(,DL(

Q2,-&,)1*/E! VdTA! "(! /! 832(%B*+1%! 6Nd! I623-9%'/(%! N$/")! d%/8*"2)=! /332.")@! '%/3B*"9%!

:"(+/3"(/*"2)!20![JA!&'2,+8*!/9&3"0"8/*"2)!1-!92)"*2'")@!*$%!'%3%/(%!20!/)!")*%'8/3/*")@![JA!

,-%!0'29!/!,%)/*+'/*%,![JA!,2+13%!$%3"E!1-! ")8'%/(")@! *%9&%'/*+'%!IT/3%.(F"!%*!/375!>R<R=7!



N$/&*%'!Q!–!N29&3%E!@%)%*"8!(*'+8*+'%!20!#%21)'-!712691!)+'(%'"%(!

<<R!

VdTA!$/(!/3'%/,-!1%%)!+(%,!")!,%*%8*")@!$%*%'2U-@2("*-!/),![JA!(%h+%)8%!:/'"/*"2)(5!/),!")!

",%)*"0-")@!2'@/)"(9(!(+8$!/(!0"($%(!I[/39/((2!%*!/375!>RRo=7!

QZJ!8%/,4-!1-8!')+,(,H1+,'-E!A!0'/@9%)*!20!*$%!9"*28$2),'"/3![JA!I9*[JA=!NLH!@%)%!20!

><?!"),":",+/3(!20!#E!712691!./(!/9&3"0"%,!+(")@!*$%!&'"9%'(!4"($B4>!/),!4"($Bd>!,%(8'"1%,!1-!

K/',!%*!/37!I>RRY=7!d%/3!*"9%!6Nd!'%/8*"2)(!.%'%!8/''"%,!2+*!")!pPB.%33!&3/*%(!2)!/!c"@$*!N-83%'!

#T! QqR! H)(*'+9%)*(! Id28$%5! DGA=7! #$%! '%/8*"2)(! .%'%! &%'02'9%,! ")! /! <Y!�c! :23+9%!

82)*/")")@!*$%!V"@$!d%(23+*"2)!T%3*")@!9/(*%'!9"E!82)*/")")@!*$%!d%(23"@$*�!(%*!20!03+2'%(8%)*!

,-%(! Id28$%5! DGA=5! ?!9T! T@N3>5! R7Y!�T! 20! %/8$! &'"9%'! /),! <Y!)@! 20! [JA7! d%/8*"2)!

(23+*"2)(! .%'%! 2:%'3/",! ."*$! 9")%'/3! 2"3! *2! &'%:%)*! %:/&2'/*"2)! /),! %)(+'%! 9%3*")@! &'20"3%!

+)"02'9"*-7!#$%!/9&3"0"8/*"2)!&'2*2823!82)("(*%,!20!/)!")"*"/3!&'%!")8+1/*"2)!(*%&!/*!pY�N!I<R’)!

02332.%,! 1-! QR!8-83%(! +(")@! *$%! 02332.")@! 82),"*"2)(;! /! ,%)/*+'")@! (*%&! /*! pY�N!I<Y’’ with a 

'/9&! '/*%!20!Q7Q�NM(%82),=5!/! *2+8$,2.)!/))%/3")@!(*%&!/*!PYBY?�C (15’’ with a ramp rate of 

>7>�NM(%82),=5!/),!/)!%E*%)("2)!(*%&!/*!o>�N!I>R’’ with a ramp rate of 4.4�NM(%82),=7!#$%!VdT!

W%)2*-&")@!9%*$2,!")83+,%,!")!*$%!c"@$*N-83%'!QqR!:7<7Y7R!G20*./'%!Id28$%5!DGA=!./(!+(%,!

*2!/)/3-(%!*$%!6Nd!&'2,+8*(!1/(%,!2)!*$%"'!9%3*")@!8+':%7!6'"2'!*2!21*/")!VdT!8+':%(5!*$%!6Nd!

&'2,+8*(!.%'%! ")8+1/*%,! /*! pY�N!I<’’)5! 02332.%,!1-! /!$-1'","(/*"2)! (*%&! /*! QR�N! I<’)7!T%3*")@!

8+':%(! .%'%! *$%)! @%)%'/*%,! 1-! '/9&")@! 0'29! PY! *2! pY�N! /*! R7R>�NM(%82),5! */F")@! >Y!

/8h+"("*"2)(! &%'! ,%@'%%! 8%)*"@'/,%7! VdT! 8+':%(! .%'%! &32**%,! +(")@! *$%! /+*29/*%,! @'2+&")@!

2&*"2)!")!*$%!c"@$*N-83%'!QqR!:7<7Y7R!(20*./'%!IT%"U*%'*U$%"9!%*!/375!+)&+13"($%,=7!

F8%-+,.,&1+,'-! '.! "12,1-+/E! #$%! W%)%! G8/))")@! 92,+3%! 20! *$%! c"@$*N-83%'! QqR! :7<7Y7R!

G20*./'%! Id28$%5!DGA=!./(!,%("@)%,! *2! "9&'2:%! *$%!,"(8'"9")/*"2)! /1"3"*-!1%*.%%)!:/'"/)*(7!

42'! *$"(! &+'&2(%5! 9%3*")@! 8+':%! ,/*/! .%'%! 9/)+/33-! /,X+(*%,! /),! 03+2'%(8%)8%! )2'9/3"U%,!

82),"*"2)(!.%'%!%(*/13"($%,!/),!/,X+(*%,5! *$'%($23,!/*!R!/),!(%)("*":"*-!/*!R7>P7!#$%!83+(*%'")@!

21*/")%,! 1-!VdT!./(! 0")/33-! 829&/'%,!."*$! *$%! (%h+%)8%(! 20! 6Nd! 0'/@9%)*(7! 42+'*-! %"@$*!

:/'"/)*(!/92)@!*$%!><?!"),":",+/3(!.%'%!",%)*"0"%,!I4"@7!Q7>=7!

!

<1=()!S`F]!H0(-:?()Q!R2:,)2A,:Q!

H0(-:?()Q!R86!@! H0(-:?()Q!R86!F! H0(-:?()Q!R86!O!

! ! !Ymc!d!N<R>5!<RR)T! Ymc!d![?5!<RR)T! Ymc!d!AQ5!<RR)T!
Ymc!d!N<Rq5!<RR)T! Ymc!d!Z<R?5!<RR)T! Y+c!d!Z<RP5!<RR)T!

Ymc!d!N?5!<RR)T! Ymc!d!N<R?5!<RR)T! Ymc!d!N<RY5!<RR)T!
<mc!4!N<R>!�!+)":7!%E*75<R)T! <mc!4![?!�!+)":7!%E*75!<R)T! <mc!4!AQ!�!+)":7!%E*75!<R)T!
<mc!4!N<Rq!�!+)":7!%E*75!<R)T! <mc!4!Z<R?!�!+)":7!%E*75!<R)T! <mc!4!Z<RP!�!+)":7!%E*75!<R)T!
<mc!4!N?!�!+)":7!%E*75!!<R)T! <mc!4!N<R?!�!+)":7!%E*75!<R)T! <mc!4!N<RY!�!+)":7!%E*75!<R)T!
Ymc!P4ATB+)":7!&'"9%'5!<RR)T! Ymc!P4ATB+)":7!&'"9%'5!<RR)T! B!

Ymc!SSB+)":7!&'"9%'5!<RR)T! Ymc!SSB+)":7!&'"9%'5!<RR)T! Ymc!SSB+)":7!&'"9%'5!<RR)T!
Ymc![LB+)":7!&'"9%'5!<RR)T! Ymc![LB+)":7!&'"9%'5!<RR)T! o7Ymc![LB+)":7!&'"9%'5!<RR)T!
<<omc!V>L! <<omc!V>L! <<p7Ymc!V>L!

<YR!mc!I#2*/3!:23+9%=! <YRmc!I#2*/3!:23+9%=! <YRmc!I#2*/3!:23+9%=!

6'"9%'(!/),!+)":%'(/3!%E*%)("2)!/((28"/*"2)(!/'%!($2.)!")!c/:%'@)%!%*!/37!I>R<<=5!#/13%!?7>7!
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<<<!

! V^I! /%[9%-&,-4E! L)%! (/9&3%! 20! %/8$! Qq! :/'"/)*(! ./(! *$%)! (%h+%)8%,7! [JA! 0'/@9%)*(!

/9&3"0"%,!1-!'%/3!*"9%!6Nd!.%'%!83%/)%,!+(")@!/!6Nd�pP!4"3*%'!63/*%!IT"33"&2'%=!/882',")@!*2!

the manufacturer’s protocol5! %3+*%,! ")! >R!�3! 20! 9"33"i! ./*%'7! 6+'"0"%,! 6Nd! &'2,+8*(! .%'%!

(%h+%)8%,!")!12*$!,"'%8*"2)(!+(")@!*$%!Z"@[-%!\?7<!(%h+%)8")@!'%/@%)*!IA&&3"%,!Z"2(-(*%9™=!

/),!Ward’s &'"9%'(!&'%:"2+(3-!+(%,!02'!*$%!'%/3!*"9%!6Nd!/((/-7!#$%!")"*"/3!&$/(%!82)("(*%,!20!/!

,%)/*+'")@!(*%&! /*!pPuN! (2’=5! 02332.%,!1-!QR!8-83%(! /*!pPuN!I?R’’)5!YRuN!I?R’’) /),!PRuN!IQ’)7!

G%h+%)8%(!.%'%!*$%)!@%)%'/*%,!2)!/)!AZH!?o?R!/+*29/*%,!(%h+%)8%'!IA&&3"%,!Z"2(-(*%9(™=7!!

!

!

J:+02)!S`F]![6H!?2&5:().!.9&':%+!-92))!8X@!C12:1%-.!&5!!6()$#*+$!
/=!J2'9/3"U%,!9%3*")@!&'20"3%(!/),!1=!43+2'%(8%)8%!,"00%'%)8%!&32*!02'!*$'%%!'/),293-!(%3%8*%,!NL<!:/'"/)*(!20!
#%21)'-!712691!I'%,5!@'%%)!/),!13+%!3")%(=7!H)!*$%!03+2'%(8%)8%!,"00%'%)8%!&32*5!*$%!,"00%'%)8%!"(!1/(%,!2)!2)%!

8$2(%)!9%3*")@!8+':%!(%*!/(!(*/),/',!/),!%/8$!9%3*")@!&'20"3%!9")+(!*$%!(*/),/',!./(!&32**%,!/@/")(*!*%9&%'/*+'%7!

!

R-.#&9$2"//-2"($'$/<9-9(%#&2&.&/(

6'"9%'(! 20! )")%! &23-92'&$"8! 9"8'2(/*%33"*%! 328"! &'%:"2+(3-! "(23/*%,! /),! 8$/'/8*%'"U%,! 02'!

#E!712691!.%'%!+(%,!")!*$%!(*+,-!Ic/:%'@)%!%*!/375!>R<<=7!6Nd(!.%'%!82),+8*%,!2)!/!W%)%A9&!

6Nd! (-(*%9! poRR! IA&&3"%,! Z"2(-(*%9(™=! /),! .%'%! 2&*"9"U%,! 02'! %/8$! &'"9%'! &/"'! 2)! 02+'!

'/),293-!(%3%8*%,!(/9&3%(7!6Nd!'%/8*"2)(!.%'%!9+3*"&3%E%,!")!/!*2*/3!'%/8*"2)!:23+9%!20!<R!�c5!

+(")@!Y!�c!20!T/(*%'B9"E5!<!�c!20!G23+*"2)!i!12*$!0'29!*$%!i"/@%)™!T+3*"&3%E!6Nd!F"*5!<!�c!

20! 9+3*"&3%E%,! &'"9%'B9"E! I#/13%!Q7>=! 82)*/")")@! (&%8"0"8! &'"9%'(! /),! *$%! 3/1%33%,! +)":%'(/3!

&'"9%'(!P4/9B#AW#NWANWANNW##A5!S/F"9/!S%332.!SSB#NWWA#AWN#AW#NW#5!/),!

[/'@2)03-! L'/)@%! [LBN#WWNNW#NW####AN! IN$/)@! %*! /375! >RRQ=! ")! 2',%'! *2! /:2",! *$%!

%E&%)(%(!20!+(")@!(&%8"0"8!03+2'%(8%)*!&'"9%'(5!<!�c!20!*%9&3/*%![JA!/),!>!�c!20!9"33"i!./*%'7!

Touchdown PCR conditions consisted of an initial denaturing step at 95°C (15’) followed by 11 

cycles at 94°C (30’’), 63B53°C (1’30’’) and 72°C (1’), followed by 25 cycles at 94°C (30’’), 

53°C (1’30’’) and 72°C (1’). A final elongation step at 60°C!I?R’=!%),%,!*$%!6Nd7!<!�c!20!6Nd!
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<<>!

&'2,+8*(!.%'%!/,,%,!*2!<>!�c!20!02'9/9",%!IA&&3"%,!Z"2(-(*%9(™=!/),!R7?!�c!20!/!YRBYRR1&!

("U%!(*/),/',!IW%)%G8/)BYRR!cH`™=5!*$%!9"E!./(!$%/*%,!/*!pYuN!(3’)!/),!"99%,"/*%3-!8$"33%,!2)!

"8%!02'!/!0%.!9")+*%(!1%02'%!32/,")@!/),!@%)2*-&")@!(/9&3%(!2)!/)!AZH!?<?R!W%)%*"8!A)/3-U%'!

IA&&3"%,!Z"2(-(*%9(™=7!

!

=$2$($'$/<9-9(

Z5+'&$2'(%!Z!g:581/%!/96M9-,+!h!

#$%!@%)%*"8!(*'+8*+'%!20!#E!712691!./(! "):%(*"@/*%,!/*! *.2!@%2@'/&$"8/3!(8/3%(!<=! *$%!.",%'!

W+30!20!A,%)!")83+,")@!G282*'/!H(3/),!+(")@!*$%!(%h+%)8%(!21*/")%,!")!*$%!&'%(%)*!(*+,-!/),!>=!

*$%!H),2BK%(*!6/8"0"8!IHK6=!+(")@!/,,"*"2)/3!(%h+%)8%(!20!#E!712691!0'29!*$%!A'/1"/)!I6%'("/)=!

W+30!–!H'/)!IA88%(("2)!)+91%'(;!Vi<QppYpBVi<QppP<5!A(@$/'"/)!%*!/37!>R<<=5!0'29!*$%!K%(*!

H),"/)!G$%30!–!K%(*%')!H),"/!IA88%(("2)!)+91%'(;!4g>?oYQp5!4g?QoqqYB4g?Qoqqo5!c/F'/!%*!/37!

>R<<=! /),! 0'29! *$%! N$")%(%! G%/! –! N$")/! IA88%(("2)! )+91%'(;! O4PRoYo?BO4PRoYoY5!

O4PRoYooBO4PRoYqR5!ODqo<Pp<!/),!ODqo<Pp>5!`$/)@!>R<<=7!A!*2*/3!20!Qq!NL<!(%h+%)8%(!20!

P<pB1&! .%'%! '%82)(*'+8*%,! +(")@! 12*$! ,"'%8*"2)! (%h+%)8%(! /),! /3"@)%,! ."*$! *$%! /3"@)9%)*!

0+)8*"2)!20!WOJOHLDG!6'2!Y7?7Q!I['+992),!%*!/375!>R<<=7!L)%!(%h+%)8%!./(!*$%)!/**'"1+*%,!

*2! %/8$! 20! *$%! <PY! '%9/")")@! (/9&3%(! /882',")@! *2! *$%! :/'"/)*! @'2+&7! V/&32*-&%! I$=! /),!

)+83%2*",%! Ip=! ,":%'("*-! :/3+%(!.%'%! 8/38+3/*%,! 02'! %/8$! 328/*"2)! +(")@!AdcOiDHJ!:7?7Y7<7?!

IOE8200"%'!/),!c"(8$%'5!>R<R=7!#$%!92(*!'%3%:/)*!(+1(*"*+*"2)!92,%3!./(!*%(*%,!."*$!XT2,%3#%(*!

:7R7<7<!I62(/,/5!>RRq=7!A882',")@!*2!*$%!AHN8!8'"*%'"2)5!*$%!1%(*!92,%3!/92)@!*$2(%!&'2&2(%,!

1-! AdcOiDHJ5! ./(! #/9+'/BJ%"! I<pp?=! .$"8$! */F%(! ")*2! /882+)*! +)%h+/3! )+83%2*",%!

0'%h+%)8"%(!/),!+)%h+/3!9+*/*"2)!'/*%(7!#$%'%02'%5!)+83%2*",%!,":%'("*"%(!.%'%!%(*"9/*%,!+(")@!

#/9+'/! /),! J%"! I<pp?=! ."*$! /! @/99/! ,"(*'"1+*"2)7! #$%! ($/&%! &/'/9%*%'! 20! *$%! @/99/!

,"(*'"1+*"2)!Ia=!./(!,%*%'9")%,!1-!/!9/E"9+9!3"F%3"$22,!9%*$2,!+(")@!6VSTc!IW+"),2)!/),!

W/(8+%35!>RR?=!")!XT2,%3#%(*!:7R7<7<7!

d%3/*"2)($"&(! /92)@! $/&32*-&%(! .%'%! %(*"9/*%,! 1-! /! (*/*"(*"8/3! &/'("92)-! &'28%,+'%!

IN'/),/33! /),! #%9&3%*2)5! <ppQn! #%9&3%*2)! %*! /375! <pp>=! +(")@! #NG! :7<7<>! IN3%9%)*! %*! /375!

2000). A Fisher’s exact test of population differentiation, based on haplotype frequencies 

I[+'/)!%*!/375!>RRQn!d/-92),!/),!d2+((%*5!<ppY=!./(!&%'02'9%,!")!AdcOiDHJ!*2!*%(*!*$%!)+33!

$-&2*$%("(! 20! '/),29! $/&32*-&%! ,"(*'"1+*"2)! /92)@! (/9&3")@! 328/*"2)(7! #$%! ("@)"0"8/)8%! 20!

"),":",+/3! *%(*(!./(!*%(*%,!1-!829&/'"(2)!."*$!("9+3/*%,!,"(*'"1+*"2)!82)(*'+8*%,!0'29!<R5RRR!

'/),29!&%'9+*/*"2)(! 20! *$%! 2'"@")/3! ,/*/!9/*'"E7!AdcOiDHJ!./(! /3(2! +(%,! *2! 8/38+3/*%! *$%!

%(*"9/*"2)(!20!@%)%*"8!,"00%'%)*"/*"2)!IFG#=!/882',")@! *2! *$%!92,%3!20!#/9+'/!/),!J%"! I<pp?=!

I."*$!@/99/!82''%8*"2)=7!#$%!("@)"0"8/)8%!20!*$%!@%)%*"8!,"00%'%)*"/*"2)!%(*"9/*"2)(!./(!*%(*%,!

1-! <R5RRR! '/),29! &%'9+*/*"2)(! 20! *$%! 2'"@")/3! ,/*/! 9/*'"E7! N2''%8*"2)(! 02'! 9+3*"&3%!
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("9+3*/)%2+(!*%(*(!.%'%!&%'02'9%,!1-!8/38+3/*")@!*$%![B:/3+%!20!%/8$!*%(*!.$"8$!9%/(+'%(!*$%!

9")"9+9!.1*/%!8,/&'"%25!21+%!;<VJ=!*$/*!"(!")8+''%,!.$%)!8/33")@!*$/*!*%(*!("@)"0"8/)*!IG*2'%-5!

>RR>=7! #$%! [B:/3+%(! .%'%! 8/38+3/*%,! +(")@! *$%! d!&/8F/@%! i\AcDO! IH$/F/! /),! W%)*3%9/)5!

<ppPn!G*2'%-5!>RR>5!>RR?n!G*2'%-!/),!#"1($"'/)"5!>RR?n!G*2'%-!%*!/375!>RRQ=7!#$"(!82''%8*"2)!./(!

&'%0%''%,! 2:%'! *$%! 82992)3-! +(%,! (%h+%)*"/3! Z2)0%''2)"! 82''%8*"2)! Id"8%5! <pqp=! 02332.")@!

T2'/)!I>RR?=7!

N3/(("8/3! I9%*'"8=! T+3*","9%)("2)/3! (8/3")@! /)/3-(%(! IT[G=! /3(2! F)2.)! /(! &'")8"&/3!

822',")/*%(! /)/3-("(! IW2.%'5! <pPP=! .%'%! &%'02'9%,! +(")@! *$%! &(8/&1*%! 0+)8*"2)! 20! *$%! d!

&/8F/@%!/+1+/!2)!3")%/'"(%,!&/"'."(%!F?#!I/(!F?#MI<BF?#==!IG3/*F")5!<ppY=!*2!/((%((!.$%*$%'!/)-!

"),"8/*"2)(! 02'! @'2+&! (*'+8*+'%! 82+3,! 1%! 21(%':%,! /*! 12*$! @%2@'/&$"8/3! (8/3%7! A)/3-(%(! 20!

923%8+3/'! :/'"/)8%! IATL\A=! IOE8200"%'! %*! /375! <pp>=! .%'%! &%'02'9%,! ")! AdcOiDHJ! 2)!

3")%/'"(%,! F?#! *2! h+/)*"0-! *$%! 3%:%3! 20! @%)%*"8! ,"00%'%)*"/*"2)! /92)@! /),! ."*$")! @'2+&(!

&'%:"2+(3-!",%)*"0"%,!1-!T[G7!<P5RRR!&%'9+*/*"2)(!.%'%!%E%8+*%,!*2!@+/'/)*%%!$/:")@!3%((!*$/)!

<t!,"00%'%)8%!."*$!%E/8*!&'21/1"3"*-!")!ppt!20!8/(%(!I[+'/)!%*!/375!>RRQn!W+2!/),!#$29&(2)5!

<pp>=7! H)! /,,"*"2)5! *2! :%'"0-! "(23/*"2)! 1-! ,"(*/)8%! *$%! 82''%3/*"2)! 1%*.%%)! &/"'."(%! 3")%/'"(%,!

F?#! /),! @%2@'/&$"8! &/"'."(%! ,"(*/)8%(! 1%*.%%)! 328/*"2)(! .%'%! *%(*%,7! A! T/)*%3! *%(*! ./(!

&%'02'9%,! IT/)*%35! <pPo=! ")! AdcOiDHJ! /),! "*(! ("@)"0"8/)8%! ./(! *%(*%,! 1-! <R5RRR!

&%'9+*/*"2)(7! W%2@'/&$"8/3! ,"(*/)8%(! .%'%! 9%/(+'%,! /(! *$%! ($2'*%(*! ,"(*/)8%! 1%*.%%)! *.2!

328/*"2)(!/32)@!*$%!82/(*3")%7!

The hypothesis of neutral evolution was tested by Tajima’s V!test (Tajima, 1989) and Fu’s <?!

*%(*!I4+5!<ppo=!."*$!<R5RRR!&%'9+*/*"2)(!/(!"9&3%9%)*%,!")!AdcOiDHJ7!Z2*$!&/'/9%*%'(!/'%!

)2*!2)3-!(%)("*":%!*2!(%3%8*"2)!&'28%((%(5!1+*!/3(2!*2!&2&+3/*"2)!,%92@'/&$"8!%E&/)("2)(5!.$"8$!

@%)%'/33-!3%/,!*2!3/'@%!)%@/*":%!:/3+%(7!A882',")@!*2!AdcOiDHJ!9/)+/35!V!/),!<?!(*/*"(*"8(!

.%'%!82)(",%'%,!("@)"0"8/)*!.$%)!*$%!)B:/3+%!./(!1%32.!>t7!T"(9/*8$!/)/3-(%(!"9&3%9%)*%,!

")! [)/G6! :7Y! Ic"1'/,2! /),! d2U/(5! >RRp=! .%'%! +(%,! *2! ,%*%'9")%! .$%*$%'! *$%! )+91%'! 20!

&/"'."(%! ,"00%'%)8%(! /92)@! [JA! (%h+%)8%(! 0'29! *$%! J2'*$BK%(*%')! H),"/)! L8%/)! '%03%8*(!

%E&/),")@!2'!(*/13%!&2&+3/*"2)(!IW/"*$%'!%*!/37!>R<Rn!V/'&%),")@5!<ppQ=7!G%h+%)8%(!0'29!K%(*!

H),"/! /),! N$")/! .%'%! )2*! ")83+,%,! ")! *$"(! /)/3-("(! ,+%! *2! *$%! (9/33! )+91%'! 20! /:/"3/13%!

(%h+%)8%(7! G%h+%)8%(! .%'%! @'2+&%,! /882',")@! *2! &/"'."(%! @%)%*"8! ,"00%'%)*"/*"2)! %(*"9/*"2)(!

IF?#=! /),!T[G! '%(+3*(7!A! '/&",! &2&+3/*"2)! %E&/)("2)! ")! *$%! '%8%)*! &/(*! +(+/33-! '%(+3*(! ")! /)!

+)"92,/3!9"(9/*8$!,"(*'"1+*"2)5!.$"3%!/!9+3*"92,/3!,"(*'"1+*"2)!"(!%)82+)*%'%,!")!&2&+3/*"2)(!

/*! ,%92@'/&$"8! %h+"3"1'"+9! 2'! 82)(*"*+*%,! 1-! (%:%'/3! +)"*(! $/:")@! %E&%'"%)8%,! ,%00%'%)*!

,%92@'/&$"8! %:%)*(. The Harpending’s raggedness test (1994)! ./(! +(%,! *2! ,%*%'9")%! "0! *$%!

21(%':%,! 9"(9/*8$! ,"(*'"1+*"2)! ./(! ,'/.)! 0'29! /)! %E&/),%,! &2&+3/*"2)! I(9/33! '/@@%,)%((!

"),%E=! 2'! /! (*/*"2)/'-! 2)%! I3/'@%! '/@@%,)%((! "),%E=5! /),! &/'/9%*%'(! 20! *$%! (+,,%)! %E&/)("2)!
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92,%3!Iθn5!θh!/),!τ;!d2@%'(!/),!V/'&%),")@5!<pp>=!.%'%!%(*"9/*%,7!#$%!*"9%!I")!@%)%'/*"2)(=!

(")8%!&2&+3/*"2)!%E&/)("2)!I+=!./(!%(*"9/*%,!+(")@!*$%!%h+/*"2)!τ!r!>9+5!.$%'%!τ "(!*$%!92,%!20!

*$%!9"(9/*8$! ,"(*'"1+*"2)! /),! 9! "(! *$%!9+*/*"2)! '/*%! 20! *$%![JA! (%h+%)8%! +),%'! (*+,-7! #$%!

9+*/*"2)!'/*%!./(!8/38+3/*%,!*$'2+@$!*$%!'%3/*"2)($"&!9!r!>xC5!.$%'%!x!"(!*$%!9+*/*"2)!'/*%!&%'!

)+83%2*",%!/),!C!"(!*$%!)+91%'!20!)+83%2*",%(!20!*$%!(%h+%)8%!+),%'!(*+,-7!A882',")@!*2!Z2.%)!

%*!/37!I>RRP=5!V2!I>RRYn!>RRq=!/),!c"+!%*!/37!I>R<<=5!.%!/((+9%,!/!9+*/*"2)!'/*%!'/)@%!0'29!<7P!

*2!<P!t!&%'!)+83%2*",%!&%'!T-'7!#$"(!'/)@%!./(!8$2(%)!/(!"*!%)829&/((%(!*$%!32.%(*!/),!$"@$%(*!

%(*"9/*%(!'%&2'*%,!02'!0"($%(7!H)!/,,"*"2)5!*$%!@%)%'/*"2)!*"9%!20!#%21)'-!712691!./(!%(*"9/*%,!

/*!?7Y!-%/'(!I4'2%(%!/),!6/+3-5!>R<<=7!

Z/-%("/)! /)/3-(%(! 20! &$-32@%)%*"8! '%3/*"2)($"&(! .%'%! 82),+8*%,! +(")@! ZOAG#! :7<7o7<!

I['+992),!%*!/375!>R<>n!['+992),!/),!d/91/+*5!>RRo=7!42+'!T/'F2:!N$/")(!.%'%!'+)!2:%'!

<R5RRR5RRR! @%)%'/*"2)(! ."*$! /! (/9&3")@! 0'%h+%)8-! 20! <5RRR! @%)%'/*"2)(! 1/(%,! 2)! D6WTA!

ID).%"@$*%,! 6/"'! W'2+&! T%*$2,! ."*$! A'"*$9%*"8! T%/)=! (*/'*")@! *'%%7! A33! /)/3-(%(! .%'%!

&%'02'9%,! /((+9")@! /! #/9+'/BJ%"! 92,%3! I<pp?=! ."*$! /! @/99/! ,"(*'"1+*"2)7! d%(+3*(! .%'%!

:"(+/3"U%,! ."*$! #'/8%'! :7<7Y! Id/91/+*! /),! ['+992),5! >RRo=! *2! /((%((! *$%! %00%8*":%! (/9&3%!

("U%(! IOGG=! /),! *$%! 82):%'@%)8%! /92)@!T/'F2:! 8$/")(7! #$%! 02+'! '+)(!.%'%! 8291")%,! +(")@!

c2@N291")%'!:7<7o7<!."*$!,%0/+3*!1+')B")!/),!(/9&3%!0'%h+%)8-7!42332.")@!*$%!'%92:/3!20!<R!t!

1+')B")5! *$%!(/9&3%,!&2(*%'"2'!*'%%(!.%'%!(+99/'"U%,!")!/!82)(%)(+(!*'%%!+(")@!#'%%A))2*/*2'!

:7<7o7<!*2!@%)%'/*%!/!9/E"9+9!83/,%!8'%,"1"3"*-!*'%%!/),!8/38+3/*%!9%/)!)2,%!/@%(5!pY!t!$"@$%(*!

&2(*%'"2'!,%)("*-!IV6[=!")*%':/3(!/),!&2(*%'"2'!&'21/1"3"*"%(7!#$%!82)(%)(+(!*'%%!./(!*$%)!,'/.)!

+(")@!4"@#'%%!:<7?7<!Id/91/+*5!>RRp=7!

!

0,&2'/1+%**,+%/!

A33%3%(! .%'%! (82'%,! +(")@! W%)%T/&&%'�! G20*./'%! :Q7R! IA&&3"%,! Z"2(-(*%9(™=7! A33%3%!

0'%h+%)8"%(! /),! *$%! 21(%':%,!ISg=! /),! %E&%8*%,!ISP=! $%*%'2U-@2("*"%(! .%'%! 8/38+3/*%,! ")!

WOJO#H�! :7Q7RY7>! IZ%3F$"'! %*! /37! >RRQ=7! <F?! /),! <?#! I"7%7;! "),%E! 20! V/',-BK%")1%'@!

,"(%h+"3"1'"+9!/),!20!@%)%*"8!,"00%'%)*"/*"2)=!.%'%!%(*"9/*%,!/882',")@!*2!K%"'!/),!N28F%'$/9!

I<pqQ=7! #$%! ("@)"0"8/)8%! 20! *$%(%! <! &/'/9%*%'(! ./(! *%(*%,! 1-! <R5RRR! &%'9+*/*"2)(! 20! *$%!

2'"@")/3!,/*/!9/*'"E!+(")@!WOJO#H�!and Fisher’s exact test!+(")@!WOJO6L6!:7Q7<!Id/-92),!

/),!d2+((%*5!<ppYn!d2+((%*5!>RRq=7!N2''%8*"2)(!02'!9+3*"&3%!("9+3*/)%2+(!*%(*(!.%'%!&%'02'9%,!

1-! 8/38+3/*")@! *$%![B:/3+%! 20! %/8$! *%(*7![%:"/*"2)! 0'29! *$%!V/',-–K%")1%'@! &'2&2'*"2)(! /),!

@/9%*"8! ,"(%h+"3"1'"+9! /92)@! 328"! .%'%! *%(*%,! +(")@! %E/8*B*%(*(! ")! WOJO6L67! J+33! /33%3%!

0'%h+%)8"%(!.%'%!8/38+3/*%,!1/(%,!2)!Z'22F0"%3,!I<ppP=!+(")@!*$%!&'2@'/9!THNdLBNVON^Od!

:7>7>7?! I\/)! L2(*%'$2+*! %*! /375! >RRQ=! /),! *$%! OT! /3@2'"*$9! I[%9&(*%'! %*! /375! <poo=!
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"9&3%9%)*%,!")!4'%%JA!IN$/&+"(!/),!O(*2+&5!>RRP=7!#2!/332.!02'!*$%!&'%(%)8%!20!)+33!/33%3%(5!

82''%8*%,!<?#;P^I=!./(!829&+*%,!+(")@!*$%!&'2@'/9!4'%%JA7!

A33%3%! 0'%h+%)8"%(! .%'%! *$%)! +(%,! *2! 8/38+3/*%! &/"'."(%! 82''%8*%,! @%)%*"8! ,"(*/)8%(! VZ!

IN/:/33"BG02'U/! /),! O,./',(5! <pPo=! +(")@!WOJO#H�7! #2! /((%((! .$%*$%'! /)-! "),"8/*"2)(! 02'!

@'2+&!(*'+8*+'%!82+3,!1%!21(%':%,5!/!N3/(("8/3!I9%*'"8=!T+3*","9%)("2)/3!(8/3")@!/)/3-(%(!./(!

&%'02'9%,! 2)! 82''%8*%,! 3")%/'"(%,!VZ! I/(!VZ=MI<BVZ==! ")! d7! N2''%3/*"2)! 20! 3")%/'"(%,!VZ! 2:%'!

&/"'."(%! @%2@'/&$"8/3! ,"(*/)8%(! 02'! /33! &/"'(! 20! &2&+3/*"2)(! ./(! *%(*%,! ."*$! *$%! T/)*%3!

&%'9+*/*"2)!&'28%,+'%!/:/"3/13%!")!WOJO#H�!IY5RRR!&%'9+*/*"2)(=7!

!

6).0(-.!!

,<2&.7#&0"(,(D><:$9"(9+*Y+'-2(L(

D%-%+,&!8,"%2/,+5!

NL<!(%h+%)8%(!20!P<pB1&!./(!21*/")%,!")!Qq!"),":",+/3(!20!#E!712691!/),!*$%!'%9/")")@!<PY!

"),":",+/3(! 0'29! %"@$*! 328/*"2)(! ")! *$%! .",%'! W+30! 20! A,%)! .%'%! @'2+&%,! /882',")@! *2! *$%"'!

'%(&%8*":%! $/&32*-&%! ."*$! *$%! VdTA7! A33! *$%! (%h+%)8%(! .%'%! ,%&2("*%,! ")! *$%! W%)Z/)F!

[/*/1/(%! IA88%(("2)! )+91%'(;! gi?Q>RpYBgi?Q><<>=7! H)83+,")@! NL<! (%h+%)8%(! 20! #E! 712691!

0'29!*$%!A'/1"/)!I6%'("/)=!W+305!*$%!K%(*%')!H),"/)!G$%30!/),!*$%!N$")%(%!G%/5!>>p!"),":",+/3(!

0'29!<<!328/*"2)(!.%'%!/)/3-(%,7!A!*2*/3!20!>P!$/&32*-&%(!./(!21(%':%,!I<q!2)3-!02'!*$%!.",%'!

W+30!20!A,%)=5!."*$!<Q!'%&'%(%)*%,!1-!+)"h+%!"),":",+/3(7!A33!9+*/*"2)(!")!/33!$/&32*-&%(!%E8%&*!

*$%! 2)%(! 0'29! N$")/! '%(+3*%,! ")! (-)2)-92+(! (+1(*"*+*"2)(! I*'/)(3/*"2)! ./(! "9&3%9%)*%,! ")!

WOJOHLDG=7!T+*/*"2)(! ")! $/&32*-&%(! 0'29!N$")/! /3(2! '%(+3*%,! ")! (-)2)-92+(! (+1(*"*+*"2)(n!

$2.%:%'!*$"(!+)"h+%!&'2*%")!(%h+%)8%!,"00%'%,!0'29!*$%!2*$%'!(*+,"%,!'%@"2)!1-!02+'!/9")2!/8",(7!

J2! 83%/'! *'%),! ./(! ,%*%8*%,! 1%*.%%)! *$%! )+91%'! 20! $/&32*-&%(! &%'! 328/*"2)! I0'29! ?! *2! q=!

I#/13%!Q7?=! /),! *$%! @%2@'/&$"8/3! 328/*"2)7! #$%! 92(*! 82992)! $/&32*-&%! IS1)h=! '%&'%(%)*")@!

PYt!20!/33!(&%8"9%)(!./(!02+),!/*!%:%'-!328/*"2)!%E8%&*!")!K%(*!H),"/!/),!N$")/7!H)*%'%(*")@3-!

N$")/! ($/'%,! )2! $/&32*-&%(! ."*$! /)-! 2*$%'! 328/*"2)! /),! 02'9%,! /)! "(23/*%,! 83+(*%'! ")! *$%!

&/'("92)-!)%*.2'F7!#$%!(*/*"(*"8/3!&/'("92)-!&'28%,+'%!&'2,+8%,!/!)%*.2'F!."*$!)2!/91"@+2+(!

82))%8*"2)! I4"@7!Q7?=7! #$'%%! 83+(*%'(! .%'%! ,%*%8*%,;! *$%! J2'*$BK%(*%')! H),"/)! L8%/)! 83+(*%'!

.$"8$! ")83+,%(! /33! $/&32*-&%(! (%h+%)8%,! ")! *$"(! (*+,-! /),! /33! $/&32*-&%(! 0'29! *$%! A'/1"/)!

I6%'("/)=!W+305!*$%!K%(*!H),"/)!G$%30!83+(*%'!/),!*$%!N$")%(%!G%/!83+(*%'7!#$%!0"'(*!83+(*%'!20!*$%!

$/&32*-&%!)%*.2'F!,"(&3/-%,!a “starBlike” shape; the most frequent haplotypes being located in 

*$%!8%)*'/3!&2("*"2)!20!*$%!)%*.2'F!/),!(+''2+),%,!1-!(%:%'/3!32.!0'%h+%)8-!$/&32*-&%(!($2.")@!

/!(9/33!)+91%'!20!9+*/*"2)(!0'29!*$%!82992)!$/&32*-&%7!

J+91%'(! 20! (%h+%)8%,! "),":",+/3(!I-=5! $/&32*-&%(!I^$=5! &23-92'&$"8! ("*%(!I^)=5! $/&32*-&%!

,":%'("*-!I$=5! /),! )+83%2*",%! ,":%'("*-!Ip=! :/3+%(! /'%! &'2:",%,! 02'! %/8$! 328/*"2)! ")! #/13%!Q7?7!
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L:%'/335! *$%! )+83%2*",%! ,":%'("*-! ./(! 32.! /),! $292@%)%2+(! '/)@")@! 0'29! R7RRRY!*2!R7RRpQ!

I@/99/!($/&%!&/'/9%*%'!r!R7Yo>=5!.$%'%/(!*$%!82''%(&2),")@!$/&32*-&%!,":%'("*-!./(!'%3/*":%3-!
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:/3+%(! 20! $/&32*-&%! /),! )+83%2*",%! ,":%'("*"%(! .%'%! 02+),! ")! ^$2'! i+/'"-/!I$!r!R7><P5!

p!r!R7RRRY=5! ^$2'! d+F+&!I$!r!R7>op5! p!r!R7RRRp=! /),! ^$2'! G/$"%'!I$!r!R7?YR5! p!r!R7RRRP=5!

.$"8$! /'%! *$%! 3/'@%(*! %(*+/'"%(! (/9&3%,5! 92(*! 20! *$%! *"9%! 2&%)! *2! *$%! 28%/)5! ."*$! (*/13%!
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!

!
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<1=()!S`O]!8X@!*:C)2.:-3!,)1.02).!5&2!-9)!.-0*:*)*!?&?0(1-:&%!&5!!6()$#*+$!

G&#1-:&%.!IJ:+`!S`@N! '! F7! F%( G! p!

!"#$%&'()$#*+$]! FFh! F_! SO! ! !

<B^$2'![%3"($/! ?R! Y! <q! R7PRY!IR7RqP=! R7RRY>!IR7RR?R=!

>B^$2'![+1%)/! Y<! q! q! R7Y<o!IR7Rq<=! R7RR<P!IR7RR<>=!

?B^$2'!i+/'"-/! <q! ?! ?! R7><P!IR7<>Q=! R7RRRY!IR7RRRP=!

QBA'$%)! ?R! P! P! R7YR?!IR7<RY=! R7RR<Q!IR7RR<<=!

YB^$2'!T/*"%0! >q! o! >R! R7Ppq!IR7Ro?=! R7RRYo!IR7RR??=!

PB^$2'!Z",$23%$! >R! P! Y! R7Y<P!IR7<?>=! R7RR<<!IR7RR<R=!

qB^$2'!d+F+&! >R! ?! Q! R7>op!IR7<>?=! R7RRRp!IR7RRRp=!

<RB^$2'!G/$"%'! <P! Q! ?! R7?YR!IR7<Qq=! R7RRRP!IR7RRRo=!

<?BH'/)! ?! ?! ?! <7RRR!IR7>o>=! R7RR??!IR7RR?<=!

<QBH),"/! P! Q! <>! R7qPo!IR7<>p=! R7RRpQ!IR7RRP<=!

<YBN$")/! o! Q! Y! R7qRp!IR7<?R=! R7RR>P!IR7RR>R=!
G/9&3%!("U%!I-=5!)+91%'!20!$/&32*-&%(!I^$=5!)+91%'!20!&23-92'&$"8!("*%(!I^)=5!$/&32*-&%!,":%'("*-!I$=5!
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!

Q')9*1+,'-!/+29&+92%!

L:%'/33!FG#!02'!*$%!H),2BK%(*!6/8"0"8!./(!R7qq>!I)!s!R7RR<=!."*$!/!9/E"9+9!&/"'."(%!FG#!20!

R7ppP!1%*.%%)!^$2'!i+/'"-/!/),!N$")/5!.$"3%! *$%!2:%'/33!FG#!."*$")! *$%!.",%'!W+30!20!A,%)!

./(!(9/33%'!R7R?p!1+*!("@)"0"8/)*!I)!s!R7R<=!."*$!/33!&/"'."(%!FG#!:/3+%(!02'!*$"(!'%@"2)!(9/33%'!

*$/)!R7Rp?!I#/13%!Q7Q=7!#$'%%!328/*"2)(!.%'%!("@)"0"8/)*3-!,"00%'%)*"/*%,!0'29!*$%!2*$%'!328/*"2)(;!

^$2'!T/*"%05!K%(*!H),"/!/),!N$")/7!A!02+'*$!328/3"*-!^$2'![%3"($/!&'%(%)*%,!/3(2!$"@$!&/"'."(%!

FG#! :/3+%(5! 1+*!)2)%!20! *$%9!./(! ("@)"0"8/)*7!4"($%'m(! %E/8*! *%(*(! 20!&2&+3/*"2)!,"00%'%)*"/*"2)!
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(*'2)@3-!,"00%'%)*"/*%,!0'29!(/9&3%(! 0'29!*$%!.",%'!W+30!20!A,%)!/),! H'/)5! ")!/@'%%9%)*!."*$!

*$%!83+(*%'(!,%0")%,!")!*$%!$/&32*-&%!)%*.2'F7!

!

<1=()!SS]! 8X@! ?1:2':.)! F/<! I=)(&'! *:1+&%1(N! 1%*! %AC1(0).! &5! -9)! ?1:2':.)! )Q1#-! -).-.! &5! ?&?0(1-:&%!
*:55)2)%-:1-:&%!I1=&C)!*:1+&%1(N!:%!-9)!>%*&AY).-!R1#:5:#!

! @AB)(:.91! FAB0=)%1! OAk012:31! SA"291%! MAH1-:)5! _AU:*9&()9! bA60$0?! @fA/19:)2! @OA>21%! @SA>%*:1! @MA89:%1!

@AB)(:.91! B!! R7?>Q!! R7Roo!! f`fFf!! R7p>Q!! f`fO@!! R7Roo!! f`fOL!! R7<<P!! f`fff!! f`fff!!

FAB0=)%1! R7R?Q!! B!! R7P?P!! R7Qq?!! f`fSF!! R7<p>!! R7P>p!! R7?>Q!! R7<>?!! f`fff!! f`fff!!

OAk012:31! R7RYp!! R7R<q!! B!! R7YPP!! f`fFb!! R7PR>!! <7RRR!! R7QP<!! f`fSh!! f`fff!! f`fff!!

SA"291%! f`fMO!z! BR7RR>!! BR7RR>!! B!! f`ffF!! R7YR>!! R7Qq?!! R7QQQ!! R7<qp!! f`fff!! f`fff!!

MAH1-:)5! BR7R?>!! f`fMO!z! f`fLh!z! f`fLM!zz! B!! f`f@_!! f`fFF!! f`f@h!! R7>>?!! f`fff!! f`fff!!

_AU:*9&()9! R7RQp!! R7R<R!! BR7R<Q!! BR7RRq!! f`f_L!z! B!! R7Q<<!! <7RRR!! R7>?Q!! f`ff@!! f`fff!!

bA60$0?! R7RQq!! R7RR>!! BR7R>q!! BR7R<Q!! f`f_b!z! BR7R<Q!! B!! R7>p<!! R7<>?!! f`fff!! f`fff!!

@fA/19:)2! R7RoQ!! R7RY>!! R7RR<!! R7R>o!! f`fhO!z! BR7R?<!! R7R<p!! B!! R7<qR!! f`fff!! f`fff!!

@OA>21%! BR7<?Q!! R7RRY!! f`FSb!z! R7R??!! BR7<>Q!! R7<<o!! R7<Rp!! R7>p<!! B!! f`fff!! f`fff!!

@SA>%*:1! f`bOO!zz! f`hOM!zz! f`hFh!zz! f`hFL!zz! f`b@h!zz! f`hF@!zz! f`hFM!zz! f`hFO!zz! f`LhF!z! B!! f`fFf!!

@MA89:%1! f`hb@!zz! f`hhO!zz! f`hh_!zz! f`hhS!zz! f`hbf!zz! f`hhS!zz! f`hhM!zz! f`hhM!zz! f`hbh!zz! f`hLb!zz! B!!
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H),2BK%(*!6/8"0"87!!

#$%! (%82),!T[G! /)/3-("(! I4"@7!Q7Q1=! &%'02'9%,! 2)3-! 2)! (/9&3%(! 0'29! *$%! .",%'! W+30! 20!

A,%)!(*'%((%,!(29%!@%)%*"8!$%*%'2@%)%"*-!."*$")!*$"(!'%@"2)5!."*$!*$'%%!(/9&3%(!,"00%'%)*!0'29!

*$%! '%(*;! *.2!&2&+3/*"2)(! 20!G282*'/! I^$2'(![%3"($/! /),!T/*"%0!.$"8$! 83+(*%'%,! *2@%*$%'=! /),!

2)%! &2&+3/*"2)! 20! S%9%)!9/")3/),! I^$2'! G/$"%'=7! #$%! ,"(*'"1+*"2)! 20! *$%! @%)%*"8! :/'"/1"3"*-!

/((%((%,! 1-! ATL\A5! ($2.%,! *$/*! @'2+&")@! *$%! (/9&3%(! /882',")@! *2! *$%! T[G! @'2+&(!

/882+)*%,!02'!p7Ypt!20!*$%!*2*/3!@%)%*"8!:/'"/)8%!")!#E!712691!/*!*$%!(8/3%!20!*$%!.",%'!W+30!20!

A,%)! I<Z#!r!R7RpY5! )!r!R7RRY=5! 82)0"'9")@! /! (9/33! 1+*! ("@)"0"8/)*! @%)%*"8! (*'+8*+'%! 2:%'! *$"(!

'%@"2)7! #he Mantel’s test revealed a lack of correlation between geographic distances /),!

&/"'."(%!3")%/'"(%,!FG#!:/3+%(!I'!r!BR7RpY5!)!r!R7PQ?=!2:%'!*$%!.",%'!W+30!20!A,%)7!

!

!
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!
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IJ!r!R7Y>q5! )!r!R7R<?=7! #$"(! '%(+3*! 9"@$*! "),"8/*%! *$/*! *$%!

&2&+3/*"2)! ^$2'(! [%3"($/BT/*"%0! "(! /*! ,%92@'/&$"8!

%h+"3"1'"+9!2'!82)(*"*+*%,!1-! (%:%'/3! &2&+3/*"2)!+)"*(!."*$!

,"00%'%)*!,%92@'/&$"8!$"(*2'"%(7!42'!*$%!'%9/")")@!%(*+/'"%(!

20!*$%!J2'*$BK%(*%')!H),"/)!L8%/)!@'2+&%,!*2@%*$%'5!V!/),!

<?! &/'/9%*%'(! .%'%! )%@/*":%! /),! $"@$3-! ("@)"0"8/)*!

I#/13%!Q7Y=! /),! *$%! 9"(9/*8$! ,"(*'"1+*"2)! I4"@7!Q7Y1=!

/&&%/'%,! *2! 1%! +)"92,/3! /),! 9/*8$%,! ."*$! *$%! %E&%8*%,!

,"(*'"1+*"2)(! +),%'! /! (+,,%)! %E&/)("2)! 92,%3! IJ!r!R7<Yo5!

)!r!R7ppp=7!Z/(%,! 2)! τ!r!R7??<5! /! ,":%'@%)8%! '/*%! '/)@%! 20!

<7P!*2!<P!t!&%'!)+83%2*",%!&%'!T-'!/),!/!@%)%'/*"2)!*"9%!20!

?7Y!-%/'(5! *$%! *"9")@! 20! %E&/)("2)! 20! *$"(! J2'*$BK%(*%')!

H),"/)!L8%/)! &2&+3/*"2)! 20!#E!712691! "(! %(*"9/*%,! 1/8F! *2!

*$%!%),!20!*$%!63%"(*28%)%5!1%@"))")@!20!*$%!V2328%)%5!1%*.%%)!?!/),!?R!F-'7!

!

!
J:+02)!S`M]!X=.)2C)*!,:.,1-#9!*:.-2:=0-:&%.!I=12.N!1%*!)Q?)#-)*!,:.,1-#9!*:.-2:=0-:&%.!0%*)2!.0**)%!

)Q?1%.:&%!,&*)(!I.&(:*!(:%)N!&5!8X@!5&2!1N!V9&2.!B)(:.91AH1-:)5!?&?0(1-:&%!1%*!=N!-9)!?&?0(1-:&%!5&2,)*!=3!

-9)!2),1:%:%+!(&#1-:&%.!52&,!-9)!Z&2-9AY).-)2%!>%*:1%!X#)1%!
!

L:%'/335!*$%!*$'%%!83+(*%'(!,2!)2*!($/'%!$/&32*-&%(!%E8%&*!02'!$1)ii!1%*.%%)!H),"/!/),!*.2!

328/*"2)(! 2)! G282*'/! I^$2'(! [%3"($/! /),! T/*"%0=! I4"@7!Q7?! /),! Q7Y/=7! K"*$! )2! ")*%'9%,"/*%!

$/&32*-&%! &'%(%)*! 2)! G282*'/! /),! /((+9")@! (/9&3")@! %002'*! ./(! (+00"8"%)*5! *$%! 92'%! 3"F%3-!

$-&2*$%("(!02'!*$%!&'%(%)8%!20!$1)ii!2)!G282*'/!9"@$*!1%!/!(%82),/'-!82)*/8*!*$'2+@$!/'*"0"8"/3!

@%)%! 032.! 1-! 8299%'8"/3! ($"&! ./*%'! 1/33/(*7! H),%%,! G282*'/! H(3/),! "(! '%@+3/'3-! (+&&3"%,! 1-!

:%((%3(!8$/'*%'%,!0'29!,"00%'%)*!328/*"2)(!")83+,")@!H),"/7!

<1=()!S`M]!T.-:,1-)*!?121,)-)2.!52&,!

,:.,1-#9! *:.-2:=0-:&%! 1%1(3.:.! &5!

!6()$#*+$!

! Z&2-9AY).-)2%!>%*:1%!X#)1%!

! @AM! FAOASA_AbA@fA>21%!

'( Yq! <Yq!

7( R7PQ?! R7QQQ!

p! R7RRY! R7RR<!

<1a:,1i.!=! BR7poR! A@`Lhb!

=!%AC1(0)! R7<Yq! f`ffh!

Fu’s 35( <7Y>>! A@f`SOO!

35(%AC1(0)! R7oQQ! f`fff!

A!:%*)Q! f`MFb! R7<Yo!

A(%AC1(0)! f`f@O! R7ppp!

τ( R7RRR! R7??<!

θf! Q7o<?! R7Q>?!

θ@! <RRR! <RRR!

Z23,!:/3+%(!/'%!("@)"0"8/)*!
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+(")@! *$%!829&3%*%!,/*/! (%*!20!NL<!$/&32*-&%(! '%:%/3%,! *$'%%!,"(*")8*!83+(*%'(! IJ2'*$BK%(*%')!

H),"/)!L8%/)5!K%(*!H),"/)!G$%30!/),!N$")%(%!G%/=!."*$!$"@$!&2(*%'"2'!&'21/1"3"*"%(7!#$"(!'%(+3*!

(+&&2'*(! *$%! &/'("92)-! $/&32*-&%! )%*.2'F! I4"@7!Q7?=5! .$"8$! ($2.(! *$/*! *$%! 83+(*%'(! G282*'/5!

S%9%)5!H'/)!/),!H),"/!"/E!N$")/!/'%!(%&/'/*%,!0'29!%/8$!2*$%'!1-!<RR!9+*/*"2)/3!(*%&(!/),!*$%!

83+(*%'(!G282*'/5!S%9%)5!H'/)!"/E!H),"/!1-!<Q!I4"@7!Q7?=7!D),%'!*$%!(32.%(*!NL<!,":%'@%)8%!'/*%!

$-&2*$%("(! I<7P!t! &%'! T-'=5! *$%! %/'3"%(*! %:23+*"2)/'-! (%&/'/*"2)! "(23/*")@! #%21)'-! 712691!

&2&+3/*"2)(! 20! N$")/! I6/8"0"8! L8%/)=! 0'29! *$%! '%9/")")@! &2&+3/*"2)(! 20! *$%! H),"/)! L8%/)!

288+''%,!/12+*!p7Q!T-'!/@25!")!*$%!3/*%!T"28%)%5!.$"3%!+),%'!/!*%)!*"9%!0/(*%'!,":%'@%)8%!'/*%!

I<P!t!&%'!T-'=! *$%! %/'3"%(*! %:23+*"2)/'-! (%&/'/*"2)!288+''%,! /*! 3%/(*! pQR!F-'! /@27![":%'@%)8%!

1%*.%%)! H),"/! /),! *$%! J2'*$BK%(*%')! H),"/)! L8%/)! "(! 92'%! '%8%)*! /'2+),! <7>! T-'! 02'! *$%!

(32.%(*!'/*%!/),!<>R!F-'!02'!*$%!0/(*%(*!'/*%!I4"@7!Q7P=7!

!

!
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%E8$/)@%!.$%)!)2*!82))%8*%,! *2! *$%!(%/7!L&%)%,!,+'")@!
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