
 !"#$%&!'!()*!"#)*!'!+$,-./!01-!)!.234!567)89!:;64

 !
""""#$  !"#$!%&'&(!)$

 !"#$
"%&'()*+ ",-./0"120"3.456"76 "849":.*+;0<
"=6(-">*+"?;@"AB"C?;-"CD+7"=.E"1)F*G"H?
"H.)@.G "H? "AB "89.E"A/*0< "=.ED*G6 ">)/G
":.*+;0<"I?H6?"?(-H.B"D+H6?"JK+".E"L*MN'(O
"A9>PN "D/96(Q "76 "RS.T "84*U;-.)0 "3;VW0
"H? "6H "8X20 "JK+ "AB "C?;- ".ED*G6;/*0<
"' "8Y*Z[ "\H;S "A- "%6H;+.] "=&;U;9>*Q
"A^X] "%< "76 "AB "D9.X+"80 "._96 "8Y*Z[(*`
"I?;X+"CH.56".E7.-"'".ED*G6"A+76;0"A-"%6;N"80
"?6;0"A9>PN"8["D+6;N"80":.*+;0<"L*/aXE
"b8YQ?"?6;0"'"8Q.c6"=6d`"D/+.XE"D0.]"8U<
"eH'(O"fH6>0"H?"I??(g"A)5.Z+6"h<"H?"'"?.P96
"RS.T"Di67"'"8YQ?"?6;0"AP*)+":.*+;0<";j*0
"8+&'()*+"\.Z*B(N"?.P96"IkG6";j*0"eH'(O"76
"76 "85.+ "AB "k9()*+ "' ":.*+;0< "%;l"8 mXG
"\6?;];0 "8YQ? "?6;0 "' "896d` "k*^O "A9>PN
"%6>*0 "JE.B "A- "(P/0 "D+6;N"80 "bC?;- "=>-<
"1)F*G "R0.B "85.O'(Q "L*/aXE "' "=H'H.-
"AB "%6H6D+.)FO "no@(- "I??(g "=H'(O"=>-<
"=.E"R45 "A- "6H "8+&'()*+ "\.Y9.c "D+H?.p
"' "%.*E.0 "bD/9.X+ "R9DZN "CH'6 "%;aXE"(j9?
"H? ":.*+;0< "\H;S "A- "6H "%< "%.)G;O"kqG
"L9D- "kG6 "L4X0 "L96 "ID//B"80 ",Q? "h<
":.*+;0<"b8Y*Z["r96(5"H?"AB"D5.-"([.@
"stG "(97 ".N "8+;06(*O "=.E"h< "H? "A^S.Qo-
"%.*E.0"L*/aXE"I??(g"80"u*pH"?;@"7.P0
"R9DZN"=6(-"v7w"89.+6;N"Dp.Q"%.)G;O"kqG"'
"L*9.O"k* mXG"%6>*0".-"\.Z*B(N"A-":.*+;0<
"H?"=6"Cx9'"H;["A-"%.9>-<"b'(/96"76"ID/5.-"80
":.*+;0<"=w.-"=.E"ky^ "̀8 mXG"\6(z6"{(Y0
"R*U?"A-"b:.*+;0<"C>*+;9"(* "̀R45"ID+H6?"H6(p
"=6(- "b.E"J+6(- "u9([ "76 "%< "hd] "8+.+6;N

""ID5.-"80"8 mXG"H.*F-"%.9>-<

"eH'(O "bk* mXG "b:.*+;0< "%&!"'( )*+,-./
";j*0

01!21
"=.E"1)F*G"H?"h<"k*_*B"=D*^B"=.E()06H.O
"b3;^W0"%x*FB6"%6>*0"|R0.5"%.9>-<"eH'(O
"BOD""b:.*+;0<"bk9()*+"b\6()*+"b=H;5"bpH

"I}Boyd, 1998~"D/5.-"80"%&'HD*E"D*_U;G"'
".9"C?;-";j*0"eH'(O"H?"8YQ?"3;VW0":.*+;0<
"896d "̀?6;0"L*MN'(O"1F*U;-.)0"b(j9?"8NH.Z�"A-
"A-"AB"CD5":.*+;0<"D*U;N"A-"(P/0"k9.2+"H?
"I}�"R45~"??(g"80"?H6'"85H'(O"=.E"1)F*G

"=.E"r*W0"H?"%&'()*+"A@(l"��"R45"
  Lawrence~"76"A)Q(g(-"(**�N"8BD+6".-~"8-<

}1995

"?6;0"A9>PN"(z6"H?"D+6;N"80":.*+;0<"L*/aXE
";j*0"8YQ?"?6;0"b8Q.c6"=6d "̀(*y+"8U<"D0.]
"Lin and~"?;5"?.P96".E"%;)4+oO"�(0".9"'
"(Nw.-":.*+;0<"k* mXG"%6>*0"I}Chen, 2003

"76"()�*-"8^*@"k9()*+"k* mXG"'"k9()*+""76
".- "AB"RB":.*+;0< "ky^`"ID5.- "80"\6()*+
"kQ.9"R45"'?"A-"?;5"80"C?6?"%.�+"TAN

 !"#$ %&'() *+,(-./0 &1 2+#3!$4
!"#$%&'()*+ ,-$+ . /012 ,3.12 444( 567 89,:;<:0#= ,>#7.? @1AB$C

roohani2001ir@yahoo.com

 8DE?.#FC G:.1H . IEBAJ 8K#L$LMH "#AE#N 8?BFC ,H;$O PB%+ K#L$LMH Q-NBA 8"#R+ D#:?0 . S?#2 G$%T DUB'BC( V)<FW.XYZ! . / 89

4"(1:( 8S#*+?)[\

 !"#$%&' (")*+
 ,-./ ,012&3$0
 2 4"$0567 859

 :+ ,;"0 <% =*&3$0
 ,*+>? =$@A <*B)'

 ,CD( (+56 2
 EBF7 !+(5G56
 H0+5' ,6 IJ(5F

 KL"% <F &)M6
 2 EN2N"F 8+B$6

 ,;"A2&D O$MP.L
 Q3R$/ S6"%

T((&U EN2&A EBF7

 



 �
#$  !"#$!%&'&(!)$

":.*+;0< "AB "%< "C>*+;9(*` "R45 "|??(g"80
"AB "%< "C>*+;9 "R45 "' "}NH

3
?

}aq~
~ "3;^W0

"C>*+;9(*` "R45 "I?H6? "v.+ "}NH
4

�~ "v;*+;0<
"8j)F-"TAN"%6>*0"ID5.-"80"8 mXG":.*+;0<
"A-"I?H6?"r*W0"=.0?"'"=H;5"bpH"%6>*0"A-
"A-"%<"C>*+;9"'":.*+;0<"C>*+;9(* "̀R45"3.T(E

|D/5.-"80"3?.YN"H?"(97"\H;S

 NH
4

+ = NH
3
 
(aq)

 + H +

":.*+;0<"76"8)ZF+"%6;/�"A-"NH
3(aq)

k%6>*0
".-"AB"CD5"8Q(Y0"(NH

3(aq)
 + NH

4

+)"RB
"80"J96>Q6"=H;5"JE.B"'".0?"'"pH"J96>Q6
"3()/B "I}Boyd and Tucker, 2014~ "D-.9
"=.E"1)F*G "H? "k9()*+ "' ":.*+;0< "%6>*0
"%6;/� "A- "b%x*FB6 "76 "�O "%.9>-< "eH'(O
"'"�.K- "%6>*0"(- "AB"C?;- "120"H;)B.Q "L*0'?
 Ebeling"et~"?H6?"(z6"85H'(O"\6?;];0"D5H

I}al., 2006

",Q?";j*0"A^*G'"A-"AB"L96"(-"C'o�":.*+;0<
"8U< "?6;0 "A9>PN "(z6 "H? "D+6;N"80 "b??(g"80
"H?"?;];0"8Q.c6"=6d`"'"8YQ?"?6;0"%;aXE
":.*+;0<",Q?"%6>*0"I??(g"A)5.Z+6"'"D*U;N"h<
"L*MN'(O"DSH?"'"6d "̀%6>*0".-"8X*K)F0"8j)F-
"H?"6d "̀L*MN'(O"AB"80.j/E"I?H6?"%<"H?"?;];0
"A-"A9>PN"76"�O"8�q-"b?;5"80"A)F45"%D-
"R9DZN"L*MN'(O"A- "� 6?DP0"'"A/*0<"=.ED*G6
"C?._)G6"?H;0"=&(+6"D*U;N"=6(-"8)XFp"bCD5
",Q?":.*+;0<"R45"A-">*+"8�q-"'"A)Q(g"H6(p
"849"6d "̀H?"?;];0"L*MN'(O"L96(-./-"I??(g"80
"=.E(q)G6"h<"H?":.*+;0<"D*U;N"8^S6",-./0"76
"Hargreaves""and~"D5.-"80"%.9>-<"eH'(O

I}Tucker, 2004

"Dp.Q"b;j*0"A^X]"76 "%.)G;O"kqG"'"%.*E.0
"\.Z*B(N"A-":.*+;0<"R9DZN"=6(-"v7w"89.+6;N
"H;["A-"%.9>-<"'H"L96"76 "ID/5.-"80"8 �XG(*`
"=.E"ky^` "8 �XG "\6(z6 "(*z.N "kWN "=6"Cx9'
"C>*+;9(*` "R45 "ID+H6? "H6(p ":.*+;0< "=w.-
"A-"A)56?"=()�*-"k* mXG"%.9>-<"=6(-":.*+;0<
"6H".E"J+6(-"3o@"76"?'H'"89.+6;N"AB"L96"R*U?
":.*+;0<"D*U;N",-./0"76"(j9?"849"ID5.-"80"6H6?
".E(q)G6 "()F- "\.-;GH "8U< "?6;0 "A9>PN
"A^*G;- "8U< "?6;0 "76 "=?.97 "(9?.K0 "ID5.-"80
".E(q)G6 "�B "H? "6d` "CD+.X*p.- "' ".E"�Z^]

">*+"()F-"H?"8U<"?6;0"L96"A9>PN"ID-.9"80",XPN
"%;)G"A-"%<"H.�)+6"'":.*+;0<"D*U;N"A-"(P/0
R45"A-":.*+;0<"R9DZN".9"JE.B"I??(g"80"h<"

"
"I?(*g"80 "\H;S "u9([ "'? "A- "8 mXG(*`
".E"�Z^]"rG;N":.*+;0<"hd]"D+'H"L9()X20
"eH'(O"fH6>0"H?"AB"?(*g"80"\H;S"%.E.*g"'
"v.P+6""CD//B>)/G;)Q"=.E"�Z^]"rG;N";j*0
"hd] "=6(- ".E"�/_G6 "D/+.XE "AB "A)Q(9dO
"JE.B"H?"(j9?"D+'H"ID//B"80"RX�":.*+;0<
"D/9<(Q "8[ "8-< "=.E"r*W0 ":.*+;0< "%6>*0
"ID5.-"80 ".E"=()B.- "rG;N "%;*G.4*_9()*+
"D*FB6 "A^T(0 "'? "8["6H ":.*+;0< ".E"=()B.-
"R9DZN":.*+;0<"kFq+"A^T(0"H?"ID/9.X+"80
"I??(g"80"\6()*+"A-"R9DZN"��G"'"k9()*+"A-
"%&'()*+"ndT"RT6(0".9"%;*G.4*_9()*+"D+'H
"\H;S"�^)q0"=.E"e'H"A-">*+"h<"H?"3;^W0
"=.E"=()B.-"rG;N"%<"3;XY0""e'H"AB"A)Q(g
"'?"8["6H"8B.*+;0<"%&'()*+"AB"C?;-"7.G"k9()*+
".ED+'H"L96"ID/9.X+"80"R9DZN"\6()*+"A-"A^T(0
"8 mXG"\6(z6"JE.B"=6(-"8Y*Z["=.E"r*W0"H?
"80"=H'(c"'"8N.*T"H.*F-"8+&'()*+"\.Y9.c
"'"NO

2
"=76;E"8-"r96(5"H?"L*/aXE"ID/5.-

"%;*G.4*_9()*+? "v.+ "A- "=D/9<(Q "8["NO
3

"n'(N'()E"=.E"=()B.-"76 "=(F49"rG;N"AB
"\76"=7.g"3.456"'"A)Q.9"JE.B"A)Q(g"v.P+6
".E"1F*+.gH6'(4*0"L96"=.E"�*U;-.)0"%6;/�""A-
 Ebeling et al.,~ "D+?(g"80".EH "(_FXN6 "H?

I}2006

3+"4516)7" 89:)*.;"1)<=)<>51)?+@A5B(+C
"=.EH;)B.Q"A-"=?.97"H6DK0"A-":.*+;0<"k* mXG
"b=H;5"b3;^W0"%x*FB6"bpH"A^X]"76"8t*W0
"=6(- "'(/96 "76 "I?H6? "8j)F- "=>-< "LG "' ".0?
"JK+"D/+6;N"80"R06;�"L96"=H'(O"=>-<"DS.K0
"85H'(O"%.9>-<"=.K-"'"D5H"bR0.4N"H?"8X20
"�._96 "D+(*g"80 "H6(p ":.*+;0< "{(Y0 "H? "AB
"CH.56".EH;)B.Q"L96"A-"H.V)@6"A-"(97"H?"ID/9.X+"

I??(g"80
"A-"8-<"=.E"r*W0"H?":.*+;0<"�U.`"R45"|pH

"pH"AB"80.j/E"I?H6?"8j)F-"pH"%6>*0"A-"\D5
"C?;X+"C?67<"H+%;9"�9 NH

4

+"%;9"bD-.9"J96>Q6
 Allan"et~"??(g"80"}NH

3
~":.*+;0<"A-"R9DZN"'

 4"$0567 =$-./
 E("*: N+HV6 <F
 E"LN53%"D <F
 <@.G :+ ,W$X6
 8Y$R%+ IpH

 IEN5; IZ5@X6
 EBF7 O/ 2 "6(
 T(N+( ,[3RF

"#$%&'()*+ 8012 ,3.12 8,>#7.? ]B^$A I?.1Y D#W1_`N( ?0 a#$>BAJ



 !"#$%&!'!()*!"#)*!'!+$,-./!01-!)!.234!567)89!:;64

 �
""""#$  !"#$!%&'&(!)$

"J96>Q6"AB"D+6"C?6?"%.�+"\.�9.07<"I}alI�"�##!
"=.E"A+;g"=6(-"LC

50
"JE.B"A-"(P/0"#".N"pH

"b??(g"80 "80.+6' "=;j*0 "A^X]"76 ";j*0 "�^)q0
"b:.*+;0<"8 �XG"\6(z6"76"=(*g;^]"=6(-"'(/96"76
"%.9>-< "76 "�^)q0 "=.E"A+;g ".N "??(g"80 "A*S;N
"�".N"�"L*-"pH".- "89.E"h<"H?"89.9H?"85H'(O
"I}Magallon et al., 2006~"D+;5"C?6?"eH'(O
"}pH"J96>Q6~">)/G;)Q"A-"pH"%6>*0"b.E(q)G6"H?
"I?H6?"8j)F-"(q)G6"%.9>-<"}pH"JE.B~"�_/N"'
"8+.9.O"\.�.G"8[":.*+;0<"8 mXG"R45"'(/96"76
"H?"b3;XY0"H;t-"ID5.-"80"?;2�0"()�*-"(2�76DY-
"A-":.*+;0<" �!"76"()XB"b�"76"()XB"=.E"pH

"k* �XG"%6>*0"3.T(E"A-"I?;5"80"(E.�"8 �XG"R45
"D-.9"80"J96>Q6"pH"J96>Q6".-"=(*jX�l"H;t-

I}�"R45~

":.*+;0<"ky^ "̀='H"(-"pH"\.+.G;+"(z6"�"�"R45
 Boyd"and~"76"A)Q(g(-"(**�N"8BD+6".-~"C>*+;9"(*`

}Tucker, 2014

"��.- "L-(BD*FB6"=? "n(V0 "(j9? "89;G "76
"w;XY0"pH"%6>*0"I??(g"80"7'H"8["pH"J96>Q6
"b(2�76DY- "H? "' "L*i.O "D*5H;@ "f;^[ "%.07 "H?
"n(V0 "6H "L-(BD*FB6"=? ".E"�Z^] " "AB "8+.07
"=6H6? "AB "89.E"h< "ID5.-"80 "(�B6DT "D/9.X+"80
"pH "\.+.G;+ "=6H6? "D/)FE "rG;)0 "k*i.*^p

"ID/5.-"80"=()XB
"89.9H?"%.9>-<"()�*-"H?"=H;5"J96>Q6)%?A5D
"R45"J96>Q6"R-.K0"H?"()�*-"k0'.K0"A-"(P/0
"='H "(- "J9.07< "I??(g"80 ":.*+;0< " "8 �XG
"�9 "Penanaus semisulcatus "=;j*0
"AB"80.j/E "6H ":.*+;0< "A- "k0'.K0 "J96>Q6
"kZF+"kQ(g"H6(p" !"ppt"=H;5"R-.K0"H?

"%6>*0"'"?6?"%.�+"?;@"76"��"ppt"=H;5"A-
"(-6(- "��� "?'DT "b ! "ppt "=H;5 "H? "LC

50

"Kir~ " "D0< "kGD- "��"ppt"=H;5"76 "()�*-
I}and Kumlu, 2006

"3;^W0 "%x*FB6 "%6>*0 "%E5'F1 )*G"H(.
"R9DZN "=.EH;)B.Q "L9()X20 "76 "849 "h< "H?
"ID5.-"80"8 mXG(*`"\6()*+"A-"8 mXG":.*+;0<
"R9DZN "D+'H "H? "AB "7.G "k9()*+ "=.E"=()B.-
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"85H'(O"%.9>-<"=6(-"AB"CD5"8-<"=.E"r*W0
"I}Lin and Chen, 2003~"D/5.-"80"8 mXG
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"n(V0"J96>Q6"ID-.9"80"J96>Q6"RB":.*+;0<
"R9DZN "%6>*0 "J96>Q6 ".- "D+6;N"80 "%x*FB6
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"=.E"A+;g"(�B6"=6(-"k9()*+"'":.*+;0<"8 mXG

I??(g"80";j*0
"A- "(P/0 "3;^W0 "%x*FB6 "%6>*0 "JE.B "}�
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)!"J5K )/ )L#M'N )LO+C5#D )7H#D
%3+"4516
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