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INTRODUCTION

Y-)#**@0'8./&'V-.'/ZC/!%/&B/'8/%A.$*/--&/--'"!'%+'
$./!/' #!/'?#--' #-@??/$!%/-' %&' $./%!' "$"*%$.-0' $./@'
-."8'-%A&%VB#&$'B.#&A/-'%&'$./%!'O/.#N%")!'[EA"!"N'
#&9'K#?#!%&0'3Q52\'W"U?#&0'3Q55\']"&'I#)&A#!$/&'
/$'#*;0'3QP1\'D/'("&A'/$'#*;0'3QQL\'W%*O%A'/$'#*;0'1221\'
G/.?#&'#&9'<&^/&0' 1221\':@B.#^"N'#&9'G/O#&/0'
1227_;'<-'#'!/-)*$'"+'-)B.'#'C./&"?/&"&0'9!#?#$%B'
B.#&A/-'.#CC/&'$"'$./'#B")-$%B'+)&B$%"&#*%$@'"+'V-.;'
`./&'"$"*%$.'?#--' #-@??/$!@'"BB)!-0' $./' %&B"?6
C#$%O%*%$@'#&9'%&B"&A!)%$@'"+'$./'!%A.$'#&9'*/+$'"$"*%$.'
?"N/?/&$'A/$'#U/B$/9'9%!/B$*@'#-'#'!/-)*$'"+'-)B.'
B.#&A/-'[:@B.#^"N'#&9'G/O#&/0'122a\':@B.#^"N'/$'
#*;0'122L_;',)!$./!?"!/0'#'-%A&%VB#&$'%?C#%!?/&$'$"'
$./'N/-$%O)*#!'#&9'#)9%$"!@'+)&B$%"&-'O/B"?/-'/N%6
9/&$0'O)$'$./'/Z#B$'b)#&$%$#$%N/0'?"!C."*"A%B#*'#&9'
C.@-%"*"A%B#*'O#-%-'"+'"$"*%$.'#-@??/$!@'%-'-$%**')&6
B*/#!'[:@B.#^"N'/$'#*;0'122L_;
Y-)#**@0' $./' -@??/$!%B#*' V-.' -C/B%/-' .#N/' #'

!#&A/' N#*)/' +"!' $./' "$"*%$.' ?#--' #-@??/$!@' "+'
62;1c'Z'c'X2;1'"!'c'12d'[:@B.#^"N0'3QQ1\':@B.#^"N'
/$' #*;0' 3QPP\' :@B.#^"N' #&9' G/O#&/0' 12270' 122a\'
S#^#O#@#-.%0' 1224_;' H&' #99%$%"&0' C!/N%")-' -$)9%/-'

9%9'&"$'V&9'#'!/*#$%"&-.%C'O/$8//&'$./'?#A&%$)9/'
"+' "$"*%$.' ?#--' #-@??/$!@' #&9' */&A$.' "!' 8/%A.$'
"+' $./' V-.;'W/&B/0' "$"*%$.'?#--' e)B$)#$%"&'?%A.$'
O/' B"&-%9/!/9' $./' !/#-"&' O/.%&9' -)B.' #&' /U/B$'
[:@B.#^"N' #&9' G/O#&/0' 12270' 122a_;'R"!/"N/!0' %&'
-@??/$!%B#*'V-.'-C/B%/-0'8./&'"$"*%$.'?#--'#-@?6
?/$!@'+#**-'8/**'O/*"8'B!%$%B#*'N#*)/-0'$./'+)&B$%"&#*'
%?C#%!?/&$'9"/-'&"$'"BB)!'[:@B.#^"N'#&9'G/O#&/0'
122a\' :@B.#^"N' /$' #*;0' 122L_;' EA"!"N' #&9' K#?#!%&'
[3Q52_0':@B.#^"N'[3QQ1_0'K#?#!%&'[3QQ1_0':@B.#^"N'
[1221_'#&9'KB./!/!'[1223_'.#N/'-$#$/9'$.#$'$./'?#--'
"+'!%A.$'#&9'*/+$'C#%!/9'"$"*%$.-'8/!/'&"$'A/&/!#**@'
/b)#*' #&9' $./'"$"*%$.'?#--'9%U/!/&B/-0' "!'8.#$' %-'
^&"8&'#-'?#--'#-@??/$!@'"+'$./'"$"*%$.-0'B")*9'O/'
"&/'"+'$./'%?C"!$#&$'+#B$"!-'$.#$'#U/B$'$./'b)#*%$@'"+'
#B")-$%B'!/B/C$%"&'%&'V-./-;
(#8#9'/$'#*;'[12320'1233_'#!/'$./'"&*@'$8"'-$)96

%/-'"&'$./'V-./-'"+'>?#&'%&N/-$%A#$%&A'"$"*%$.'?#--'
#-@??/$!@;'S.)-0'$./'C!/-/&$'8"!^'8%**'#99'%&+"!6
?#$%"&' $"' $./' V/*9' "+' V-.' !/-/#!B.' %&'>?#&;' S./'
#%?'"+'$.%-'B)!!/&$'-$)9@'%-'$"'b)#&$%+@'#&9'B"?C#!/'
$./'"$"*%$.'?#--'#-@??/$!@'!#&A/'#&9'$"'#--/--'$./'
N#!%#O%*%$@'"+'"$"*%$.'#-@??/$!@'9)!%&A'A!"8$.'"+'
 !"!#$%&'()*+!(",-(%.&##!/,);
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MATERIALS AND METHODS

KC/B%?/&-' "+'  0* +!(",-(%.&##!/,)' [3a2' %&9%N%9)6
#*-0'422'"$"*%$.-_'8/!/'B"**/B$/9' +!"?'$./'B"#-$-'"+'
R)-B#$' %$@'%&'$./'K/#'"+'>?#&'9)!%&A'$./'C/!%"9'
122Q61232;'S"$#*'*/&A$.'8#-'?/#-)!/9'+"**"8%&A'$./'
C!"B/9)!/'A%N/&' %&' (#8#9'/$' #*;' [12320' 1233_'C!%"!'
$"'!/?"N#*'"+'"$"*%$.-;'S./'#)9%$"!@'B#C-)*/-'8/!/'
9%--/B$/9'$"'!/?"N/'$./'"$"*%$.-'8.%B.'8/!/'!%&-/9'
%&'9%-$%**/9'8#$/!0'#%!69!%/9'#$'!""?'$/?C/!#$)!/'+"!'
+/8'9#@-'#&9'8/%A./9'"&'#'K#!$"!%)-'SE'434K'#&#6
*@$%B#*'O#*#&B/'$"'#&'#BB)!#B@'"+'2;2223'A;
S./'+"!?)*#'1*f'[RG'g'R:_'R63'8#-')-/9'$"'B#*6

B)*#$/' $./' "$"*%$.'?#--' #-@??/$!@' [1_0'8./!/'RG'
#&9'R:'#!/'$./'"$"*%$.'?#--/-'"+'$./'!%A.$'#&9'*/+$'
C#%!/9'"$"*%$.-'#&9'R*%-'$./'?/#&'?#--'"+'$./'!%A.$'
#&9'*/+$'C#%!/9'"$"*%$.-;'
<O-/&B/'"+'#-@??/$!@'hR#--'"+'$./'!%A.$'"$"*%$.'

[RG_' 6'R#--'"+' $./' */+$'"$"*%$.' [R:_i'"BB)!-'8./&'
$./'N#*)/'"+'1'N#!%/-'O/$8//&' 61'#&9'10'#&9'Z'f'20'
8./!/#-'1*f'61'"!'1*f'1'!/C!/-/&$'$./'?#Z%?#*'#-@?6
?/$!@' [#O-/&B/'"+'"&/'"$"*%$._;'<' *#!A/!'"$"*%$.'"&'
$./'!%A.$'-%9/'A%N/-'C"-%$%N/'N#*)/'"+'Z'#&9'#'&/A#6
$%N/'-%A&'?/#&-'$./'"CC"-%$/;'S./'!/*#$%"&'O/$8//&'
-C/B%/-'#O-"*)$/'N#*)/'"+'j1j'#&9'$./'-C/B%/-'"$"*%$.'
A!"8$.' !#$/'8#-' /Z#?%&/9;'S./' #O-"*)$/' N#*)/' "+'
$./'-C/B%/-'"$"*%$.'?#--'#-@??/$!@'8#-'B#*B)*#$/9'
#-'$./'#N/!#A/'%&9%N%9)#*'N#*)/;'S"'/N#*)#$/'"$"*%$.'
A!"8$.'!#$/' $./' !/*#$%"&-.%C'O/$8//&'"$"*%$.'?#--'
#&9'V-.'*/&A$.0'2*3*!*1*-*4*50'8#-'B#*B)*#$/9'8./!/0'
-*%-'$./'$"$#*'*/&A$.'"+'$./'V-.0'6!7*%-'$./'B"/kB%/&$'
B.#!#B$/!%l%&A' $./' A!"8$.' !#$/' "+' $./' "$"*%$.0' #&9'
657'%-'#'B"&-$#&$'+"!'$./'-C/B%/-'%&'b)/-$%"&;

RESULTS

#$%&'%()&*(+,%&-.& !/0&1213 45&4267189&"!:&781&;</=2&

7>&()?&@$%&(A0-+,@%&*(+,%&-.&@$%&-@-+/@$&'(00&(0B''%@CB&

DED&/0&121""3&5&12467"9&"!:&781&;</=2&4>2

Table 1. Total length and mass of the otolith of 

Carangoides caeruleopinnatus

S"$#*'*/&A$.
[??_

R#--'"+'$./'"$"*%$.'[A_

:/+$'-%9/ G%A.$'-%9/

121 2;22LP 2;22L5

12Q 2;22PL 2;225Q

132 2;225P 2;225a

134 2;2333 2;2334

134 2;22PP 2;22PP

13a 2;213P 2;232Q

13a 2;2257 2;2251

135 2;22Q7 2;22Q2

13P 2;233a 2;2337

13P 2;22Q5 2;22Pa

Table 1. Continued

S"$#*'*/&A$.
[??_

R#--'"+'$./'"$"*%$.'[A_

:/+$'-%9/ G%A.$'-%9/

112 2;22QL 2;22Q3

114 2;22QQ 2;22Q5

11a 2;2322 2;2322

11L 2;233P 2;233P

115 2;22QL 2;2322

11P 2;22Q5 2;22QP

142 2;22Q5 2;2322

142 2;233a 2;2333

141 2;22P1 2;22Pa

14L 2;22Q4 2;232a

14P 2;23Q4 2;23Pa

14P 2;2QQ2 2;232L

14P 2;2321 2;232P

14Q 2;2325 2;2324

14Q 2;22Q2 2;22Q1

172 2;2351 2;2352

172 2;232L 2;2322

172 2;232L 2;2322

172 2;2342 2;2314

172 2;232a 2;232L

172 2;22Q5 2;2323

171 2;231a 2;2315

171 2;232a 2;232Q

174 2;2322 2;2321

17a 2;23a3 2;2371

17a 2;232L 2;232P

17a 2;22QQ 2;22Q7

1a2 2;232a 2;2324

1a2 2;232L 2;2324

1a4 2;2341 2;234P

1a4 2;2372 2;2372

1aL 2;214a 2;2111

1aL 2;234Q 2;2344

1aP 2;2335 2;2334

1L2 2;235P 2;2351

1L1 2;2113 2;213L

1La 2;23QP 2;232Q7

157 2;237L 2;23a1

1P2 2;2123 2;2133

1PL 2;23Q7 2;23Q5

1PL 2;23PQ 2;2357

1PP 2;21LL 2;21L2

<BB"!9%&A' $"' $./' !/A!/--%"&'#&#*@-%-' $./!/'8#-'
&"'!/*#$%"&-.%C'O/$8//&'V-.'*/&A$.'#&9'O"$.'HMH'[@'
f'2;23LLZ'6'2;434_' [m'n'2;2a0'89*f'2;2151_'#&9'1' [@f'
62;23LPZ'X'2;4777_'[m'n'2;2a0'G1'f'2;21L4_;'S./'!/*#$%"&'
O/$8//&'"$"*%$.'?#--'9%U/!/&B/'[RG'g'R:_'#&9'V-.'
*/&A$.'8#-'?"!/'B"?C*/Z'$.#&'$./'!/*#$%"&'O/$8//&'
1*#&9'V-.'*/&A$.'[#*f'3a20'$"$#*'*/&A$.'f'1216434'??0'
:*;*2;2a0'@'f'62;2221Z'X'2;22150'89*f'2;223L_'[,%A;'4_;
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Figure 1. Saccular otolith mass asymmetry (x) in 

Carangoides caeruleopinnatus as a function of !sh 

length

Figure 2. Absolute otolith mass asymmetry(IXI) as 

function of !sh total length

Figure 3. Saccular otolith mass di"erence in 

Carangoides caeruleopinnatus as a function of !sh 

length. R & L= right and left side otolith mass

DISCUSSION

S./'N#*)/'"+'1*"O$#%&/9'+"!'$./'-C/B%/-'%&'b)/-6
$%"&'+#**-'O/$8//&'62;1'#&9'X2;1'#-'%&'"$./!'?#!%&/'
V-.' -C/B%/-' [:@B.#^"N' /$' #*;0' 122P_;' S./' N#*)/' "+'
?#--'#-@??/$!@'"+'$./'-#BB)*#!'"$"*%$.'"O$#%&/9'+"!'
*#!A/'&)?O/!'"+'?#!%&/'-C/B%/-'%-')-)#**@'*/--'$.#&'
2;2a' [:@B.#^"N' /$' #*;0' 122L_;' S.%-' N#*)/' B"%&B%9/-'
8%$.'$./'N#*)/'"+'?#--'#-@??/$!@'"O$#%&/9'+"!' 0*

+!(",-(%.&##!/,)'%&'$./'C!/-/&$'8"!^'#&9'9%9'&"$'9/6
C/&9' "&' "$"*%$.' A!"8$.' !#$/;' H&' O"$.' -@??/$!%B#*'
!")&9V-.'#&9'#-@??/$!%B'e#$V-.'-C/B%/-0'$./!/'#!/'
&"'#CC#!/&$'9%U/!/&B/-'%&'1'O/$8//&'O/&$.%B0'*%T"6
!#*'#&9'C/*#A%B'V-./-'[:@B.#^"N'/$'#*;0'122L_;''
Y&*%^/' +"!' $./' *%T"!#*' #&9' O"T"?'V-.' -C/B%/-0'

-#BB)*#!'"$"*%$.'?#--'9%U/!/&B/'+"!'C/*#A%B'V-.'-C/6
B%/-'9"/-'&"$'%&B!/#-/'8%$.'$./'V-.'*/&A$.'[:@B.#^"N'
#&9'G/O#&/0'1227_;'>$"*%$.'?#--'#-@??/$!@'%-'B"&6
-%9/!/9'#-'"&/'"+'$./'B#)-/-'"+'!/9)B/9'#B")-$%B'#&9'
N/-$%O)*#!' +)&B$%"&#*%$@'"+'V-.o-'/#!;'S.%-' +#B$'8#-'
9/$/!?%&/9'O@':@B.#^"N'#&9'G/O#&/' [12270'122a_'
$.!")A.' $./' ?#$./?#$%B#*' ?"9/**%&A' $./@' 8!"$/;'
S./'N#*)/'"+'HMH'%-'-."8&'$"'O/'*"8'[c2;a_0'%!!/-C/B6
$%N/'"+'V-.'*/&A$.0'%&'$./'?#p"!%$@'"+'V-./-'-$)9%/9'
[:@B.#^"N' /$' #*;0' 122L_0'8.%B.' %-' #*-"' $!)/' +"!' $./'
-C/B%/-' #$' .#&9;'`./&' #-@??/$!@' #CC/#!-' %&' $./'
)$!%B)*#!' #&9' *#A/&#!' "$"*%$.' "!A#&-' "+' -@??/$!%B'
V-.'-C/B%/-0'%$'.#CC/&-'%&+!/b)/&$*@;'H&'$./"!@0'"&*@'
V-./-'8%$.'*#!A/-$'"$"*%$.'#&9'8%$.'HMH'n2;a'8%**'/Z6
C/!%/&B/'9%kB)*$@'%&'-")&9'!/B/C$%"&'9)/'$"'%&B"?6
C#$%O%*%$@'#&9' %&B"&A!)%$@'"+' $./'?"N/?/&$'"+' $./'
$8"' "$"*%$.-' [:@B.#^"N' #&9' G/O#&/0' 122a_;' S.)-0'
8%$.'"$"*%$.'?#--'#-@??/$!@'O/*"8'B!%$%B#*'N#*)/0'
?"-$'V-.'-C/B%/-'B#&'#N"%9'+)&B$%"&#*'9%-#O%*%$@;'
>&/'"+'$./'!/-)*$-'"O$#%&/9'%&'$./'C!/-/&$'8"!^'

%-' $.#$' $./' -#BB)*#!' "$"*%$.'?#--' #-@??/$!@' 9"/-'
&"$'9/C/&9'"&'V-.'-%l/;'S.%-'%-'B"&-%-$/&$'8%$.'$./'
!/-)*$-' "+' "$./!' -$)9%/-' "&'?#!%&/' #&9' +!/-.8#$/!'
V-.' -C/B%/-' [:@B.#^"N' #&9' G/O#&/0' 12270' 122a\'
:@B.#^"N'/$'#*;0'122L0'(#8#9'/$'#*;0'12320'1233_;'S./'
?#$./?#$%B#*'?"9/*'"+':@B.#^"N'/$'#*;' [122L_'.#-'
-."8&'$.#$'$./'N#*)/'"+'1'?%A.$'O/'-$#O*/'9)!%&A'$./'
*%+/'"+'V-.0'."8/N/!0'%$'%-')&^&"8&'."8'V-.'?#&6
#A/'$"'^//C'$./'N#*)/'"+'$./%!'"$"*%$.'#-@??/$!@'#$'
#' *"8'*/N/*'[:@B.#^"N'/$'#*;0'122L_;'G#.??#&'#&9'
<&^/&'[1221_'C!"C"-/9'$.#$'#'?"&%$"!%&A'#A/&$'#B$-'
"&'$./'A!"8$.'"+'$./'"$"*%$.'N%#'&/A#$%N/'+//9O#B^'
*""C'O/$8//&'$./'O!#%&'#&9'$./'%&&/!'/#!;'`/%A.$'"+'
$./'"$"*%$.'"&'$./'-/&-"!@'/C%$./*%)?'%-'+")&9'$"'O/'
$.%-'?"&%$"!%&A'#A/&$;'I)$'"$./!'/N%9/&B/'9%-#A!//-'
8%$.' $.%-' .@C"$./-%-0' #&9' "$"*%$.' 8/%A.$' -//?-'
&"$' $"'O/' %&N"*N/9' %&' $./' !/A)*#$%"&'"+' %$-' A!"8$.'
[:)B.#^"N0'1221_;'
H&'$./'C!/-/&$'8"!^0'$./!/'%-'&"'!/*#$%"&-.%C'O/6

$8//&' V-.' */&A$.' #&9' "$"*%$.' ?#--' 9%U/!/&B/0' #-'
$.%-'!/*#$%"&-.%C'%-'?"!/'B"?C*/Z;'S.%-'%-'%&'#A!//6
?/&$' 8%$.' $./' !/-)*$-' "O$#%&/9' O@' :@B.#^"N' #&9'
G/O#&/' [12270' 122a_' #&9' (#8#9' /$' #*;' [12320' 1233_'
"&'-/N/!#*'V-.'-C/B%/-;':@B.#^"N'/$'#*;'[122L_'-)A6
A/-$/9'$.!//'!/#-"&-'+"!'$./'#O-/&B/'"+'!/*#$%"&-.%C='
[3_'-?#**'-#?C*/'-%l/'C*#@-'#'N%$#*'!"*/'%&'$.%-'-$)9@\'
[1_'&#!!"8'!#&A/'"+'N#!%#$%"&'%&'$./'-C/B%?/&'-%l/\'
#&9' [4_' +/#-%O*/'A/&/$%B' +#B$"!-;'S./-/' -)AA/-$%"&-'
#!/'/N%9/&$'%&'$./'9#$#'"+'$./'-C/B%/-'%&'b)/-$%"&'#-'
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"&*@'3a2'-C/B%?/&-'!#&A%&A'%&'$"$#*'*/&A$.'O/$8//&'
1216434'??'8/!/')-/9'%&'$.%-'8"!^;'
,"!'$./'+)$)!/'-$)9%/-0'%$'%-'#9N%-#O*/'$"')-/'*#!A/'

&)?O/!'"+'-C/B%?/&-'#&9'8%9/'!#&A/'"+'O"9@'-%l/'
$"'+)!$./!' %&N/-$%A#$/'$./'!/*#$%"&-.%C'O/$8//&'$./'
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Sažetak

ASIMETRIJA MASE OTOLITA KOD 
CARANGOIDES CAERULEPINNATUS 

(RÜPPELL, 1830) (FAMILY: CARANGIDAE) 
IZ OMANSKOG MORA
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