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Thailand's marine fisheries have been intensively developed since 1950s. Catches 

are comprised of the pelagic and demesal fishes as well as other aquatic animals. 

Among the pelagic species, short-mackerel Rastrelliger brachysoma (Bleeker, 1851) is 

the species that has created significant economic value as well being the most 

consumed marine fish in the country. An aiming to be a protocol for sustainable 

management of marine fisheries resources in the Gulf of Thailand (GoT), the three 

objectives of this research were to (a) examine the variations, trends and patterns of 

the catches from marine fisheries in the GoT, in particular the short-mackerel, 

(b) identify the stock assembly of the short-mackerel in the GoT, and (c) estimate the 

growth and mortality rates to optimize the fishing pressure of each stock of the short

mackerel in the GoT, The findings from the second objective also further acted as the 

baseline for the third objective 

Variations, trends and patterns of marine fish catches in the GoT were examined 

using the annual catch data of 35 species/groups of marine fishes for 26 years 

between 1984 and 2009. The results showed that fishing in the GoT has developed 

beyond the mature state and is presently in an unstable state in danger of collapsing. 

The results also showed that the short-mackerel had the Lowest Long-term variability 

of catch, while the catch was high. Trend analysis exhibited the trend of increase in 

the catch of the short-mackerel until 2004, followed by a decrease. 



Analysis of trace elements indicated that there were four stocks of short

mackerel in four areas in the GoT, the Eastern-GoT stock, the Upper-GoT stock, the 

Central-GoT stock and the Lower-GoT stock. Tracking the trace elemental 

compositions and concentrations along the sectioned otolith from the core to the 

edge revealed that the short-mackerels are at their designated stock for 

approximately 63% and 83% of the Life spans of males and females respectively. 

The growth parameters of von Bertalanffy growth model were different stock by 

stock, which also implied separation of each stock of short-mackerel in the GoT. 

Examination of the optimum utilization Level of short-Mackerel stock in the Eastern

GoT showed a reasonable Length at first capture (Le) of between 134.56 and 192.23 

millimeters. The exploitation rate (E) should have been between 0.65 and 1.00 per 

year and the appropriate fisheries mortality instantaneous rate (F) should have been 

3.35 and 5.16 per year. For the Upper-GoT stock, Le was between 134.47 and 206.88 

millimeters. E should have been between 0.60 and 1.00 per year, and F should have 

been 2.86 and 4.77 per year. For the Central-GoT stock, Le was between 143.41 and 

220.63 millimeters. Exploitation rate should have been between 0.60 and 1.00 per 

year, and F should have ranged from 2.29 to 3.81 per year. For the Lower-GoT stock, 

Le was between 123.27 and 189.64 millimeters. E should have been between 0.64 

and 1.00 per year, and F should have ranged from 3.47 to 5.42 per year. 

This study illustrated the situation of the marine fish resources in the GoT, in 

particular the short-mackerel, as well its stock assembly and the way forward for 

optimum exploitation. These findings can be applied in the sustainability of short

mackerel in the GoT. 
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LL'1t'rltJ11eJ111 VI EJ\JleJ'Uf1'11.:I L tl'U1eJEJ~el1t'Vl-:i1.:lf11tLL'1tl1'Vl'11EJ f11tLL61 

11EJ'1tL~EJ~.ff'U1J1eJ'Ufl11\Jl11'161eJtJ~'UeJ'Ufl11'1~1.:i1.:11'UL'Umt~m~'\.J'11Xj 
J( ..i... I 1 I Q .... I • I ( ., • I 
Yl'U'Vlf'lfl~1811 VIEJ LL'1tfl11LL 'U.:iL "!.l\Jlfl11Lfl'\.J\Jl18EJ1.:I u'11Xj L'1'U u1tLL'1~.:!fl11 

I ~.J .. .!i'.Jo 1 ~ .... Ji'.Jo 1 'J .!i'.Jo 
LL'U.:iL"!.l\JlL1J'U61L"!.1\Jl l°leJ Yl'UV1811 VIEJv.i.:l\Jlt1'UeJeJfl Yl'UVl811 VIEJ\Jl'tl'U b'U Yl'UVl811 

1 VIEJ\JleJ'Uf1'11.:I LL'1t ~'U~ei111 V1EJ\JleJ'Uci1.:i) "il~~LL~.:ILL'1~.:i'1mil~~1L ti'Um1 
' 

Q .... I 

Lfl'\.J\Jl1eJEJ1.:I 

fl11~~mt~fl'VIL'ULL'U1"!.111.:I (Transverse section) 
v v 

m1tl'tJ1.:11'UL~EJL'lJ1LLf1:1.J lmageJ 

87 

90 

92 

93 

93 



6.5 n1"arlTtrrn.1vt1e:n~'lJeN'U'11L~tJ15 The ageing method based on 

increment thickness 94 

104 

106 

107 



"" 'U'Vl'VI 1 
0 

'U'Vl'W1 

m1tl1~ll\l'Vl~ L"1'1Je:J\ltl1:m·1fl11vmii~\P)J'\.J1fl11ll1CJ1TU1'Ull1flffJ1 1 oo lJmLL~1 ~"1~'U~1'U 1 'Vlaj 

Lll'Utl"11~1J1 m1tlwll\l'Vl~L"1'1Je:J\I 1'VlCJt!'U1'U~'ULL1m ll'Um1~'U~~1J1'U~L'lru61l1CJ~\I tl1mLl-ltl1 'Vl~e:i 
1fl~ Lm~ b ~e:i m1tJ~1.nfl 1 'Wfl-r1 L~e:i'U ne:i'U~~~n m1LL"1 fl Ltl~ CJ'U~~1J1~~'U 11i1mflfl11fl11ll~mm1 

n'U~'Ul"i'161l'Ll~5'U 1~CJtle:J'U i"l . Pl. 2460 fl11tlWlJ\l'Vl~b"1 b U'Ufl11vl1 fl11tlWlJ\ILL 'U'U~\lb~ll (Traditional 

fisheries) (L~~~ 'Ll~i'.iiillCJ\I, 2543: 79-96) ~1flm11-fftJ1~1CJ"1lLJ~1fl'Vl-ri"lmmtl1~lJ\l'Vl~L"1e:J~1\llJ1fl 

~\I 1'Uti11'U1~CJ~b1"11~ CJ11'U1'U LL"1~tl~ll1(Wfl11~'U~ ~1tl 1~ L ~ll;fi''Ue:J~ 1\1~ e:J L ~ m tJ1~ fle:J'U11ll~\lfl11ll 
~e:J\lfl11~~1tl1L~e:Jfl11'U~1.flflLL"1~b~e:JtJ1~ 1CJ61JLJ~1\I '1 1~CJlJ'U~~~\lfl\liiL~lJ;fi''U'1\1~"1e:J~L1"11 vl11 ~ I , ~ 

b n ~ Lb 1 \I fl~ Iii' 'U 'Vl 1 \I fl 11tJ1 ~ lJ \I e:i ~ 1-:i lJ 1 fl tr 'U 'Vl -r i"l CJ 1 fl 1 tJ 1 ~ lJ \I 'Vl ~ b "1 e:i ~ 1-:i 'VI~ fl b ~ CJ \I 1 l.11 li1 ~ "1vi'11 ~ 

'Vl-ri"l CJ1 fii~ ~1tl1 "1 ~"1\IblJ'Ue:J~1\ll.J1 fl eJ'U b ~ e:J\ll.J1~1 fl~ "1'1Je:J\I LL 1 \I fl ~tii''U~1 fl fl11"1\I Lb 1\ltli~ll\l~l.J1 flbfi'U 

fl'l1 '11'U1'U~ ~1tl1~ii'IJ'U1~ L~ fl LL"1~tl"11 L lJ ~'1fl~'U1 'UtJ~ll1 n.ll.J1flzj\111ll'1\I~ ~1tl1~iifl1'Vl1\1Lfl11~~fi~ 
~ ~ 

'1J'U1~L~fl fl11L~e:Jll1 'Vl1ll'1JmLL'Vl~\l~e:Jtjmiai'CJ~G11~~'1Je:J\1~~1J1 fl11il1Le:J1L'Vlfl1 'U fam 'Vll-l 1 beU1m1-tl 

1'Ufl11vl1tlWl.J\I1'U•1h\lb'l"11EJe:J'U'Vl~\I1 tJ 30 lJ~eJTW.J1 11ll~\lfl11'1J1~fl11fl'l'Uflllfl11L ~ll'11'U1'U'1Je:J\I , 

b~e:itlwll\I ~'Utl11 tl~m1vi'1tl1~l.l\l~~fl!J'Vll.l1CJ "U1~m111CJ\11'U LL"1~ Hfl11m'U~ll (IUU) 1 m.h'Utl1 

1 'VlCJ (mlltlWl.J\ILL"1~~'U~D~61l1fl11LLm '1JD~'Vl1fl11vl1tl1~ll\l~~fl~'Vll.J1CJ' 2559: 6) 

LL 'Vl~\ltl1~ll\1'1Je:J\l'Vl~ L"11 'VlCJ~G11~~ii'1e:J\l~'Um 'Vlaj~e:J'Vl1\l~\l'Vl~L"1eJ'U~1lJ'U LL"1~~\l'Vl~ L"1el111 'VlCJ 

'1'11'Ufl1i"lD~~'IJ'U"U e:i-:i'Vl-ri"l CJ1 mtl1~ll\l'Vl~ L"1 LL"1~ LL 'VI~ \l~e:i ~ e:i1PlCJ1 'U'l.h'Utl11 'Vl CJi"ltJ11e:i ,~ 'U'1fl1i"l , ~ " 
L~e:Jll 1'Vl1lle:J~1\lll1fl1~CJ'W~11ru1V1~ fl~1'U~1 flfl11"1~"1\1'1Je:J\leJ~11fl11~'U~~1tl1 (CUPE) ~1flfl11 

~ 

'1111~ li11 CJ L~e:i'1111~'1Je:J\lnil.Jtl Wll\lli1'1 CJ Lfl~ei-:iiie:im'Um fl zj\liifl1"1 ~"1\l~\1~1fl~\l'Vl~ LffeJ'U~1lJ'U bb"1 ~ 

'Vl~L"1~\la111'VlCJ 1~CJ1'Ua111'VlCJ~"1~'U~~1J1 ru 'li1\lb'l"11ll~~'IJ'U (i"l.fll. 2557) L'Vl~mYiCJ'l~e:JCJ"1~ 9 , 
'1Je:J\leJ~11fl11~'U~~1J1LLiflb~ll'1111~ (i"l .fll . 2503) ~1'U1'U~'U~~\l'Vl~L"1eJ'UmiJ'U ~"1~'U~~1J1 ru 

'li1\lb1"11D~~D'U (i"l .fll . 2557) b'Vl~mYiCJ\l~e:JCJ"1~ 25 '1Je:J\leJm1fl11~'U~~1J1LLiflb~l.JG1111~ bb"1~ , 

'U e:J fl~ 1 fl.Q' W tii''U fl11"1\ILL1\ltJ1~ll\I~ 1 fl~ \I '1e:J\l~'U~vl1fl11tl1~ll\l 1 'Vlaj.Q'i"l'U11ii fl1 L vl1 n'U'Vl~e:Jl.J1flfl'J1 
1~1ii''U~~~Ln~~"1~'U'1\1'1~~ ~\I ~'U (MSY) bb~1~\l~'U 1~ CJ 1 'UB111 'Vl CJi"l'U111~1ii''U fl11"1\I Lb 1\ltl1~ll\1Ln'U 

~ , 
fl111~lii''Ufl1W\I LL 1 \ltli~ll\I b ~e:J 1 mli1~"1~'U'1\1'1~~~\I ~'U'1\l~e:J CJ"1~ 27 LL"1~1 'U'Vl~ L"1eJ'UmlJ'Ui"l'U11 

~ , 
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16.5 (fm.J'\.JW~\lbb"1~~'UVDqj'll1fl11bbm'lJUqJVl1fl11vl1DW~J.:i~~n~Vll.rn.J, 2559: 13-14) 

~"1~'1J~\911J1'lJB\lnB\lb~B'\.J1~~\11vm1'Ull vui. 2557 i'.i'\.J~~1ru~\li'U 1.56 ~1'U~'U ~mm~ 67.1 

bll'Ufl11~'1J~\911J1t'Ua111vm ~mm~ 26.4 bll'Ufl11~'U"il1n'Vl~b"1B'U~1iJ'U bb"1~~mm~ 6.5 bll'Ufl11~'1J 
"il1n'Uein-u1'UJ11 'Vlv '\.J~mrum1~'1J'11'U 1 V1~~1"il1m~ei'\.Jw~\IV'l1ru'llv (~\l'Vl~b"1a111 'Vlv~eiv"1~ 87 .8 

bb"1~~\l'Vl~b"1B'U~1ir'U~BEJ"1~ 85.9) ~\1 \91 111\1~ 1.1 

..i ., ., .. li' 1 1 :;'1 • :'1 ., ) 
Vl1~1.:J'V1 1.1 ~~1il\JflVl1'U1'Vl~b~"IJeJ.:J 'VIV 'Uu 'W.fl. 2557 (Vi'U1Vbu'UVl'U 

ei111vm 
., 

"' ., 'Vl::Lg'til'\JfmnJ 
'Ut1m.hml11'Vlv 'Vl'lVW1n1 

'lh::i.i.:i~'Uu1'\J 'lh::i.i.:ivnru'!l6 'lh::i.i.:i~'Uu1'U tl'l::11.:i-w1ru'!l6 

QJ ' : 
,, ~ 

88,155 461,995 24,927 184,304 G1~1'LJ1'\ll'U1Vl'U 

umn~\Jln 0 189,789 0 38,592 
Cl ~ d 

um~1'\J1e:i'U ~ 39,071 266,625 32,998 130,239 

·rn.1 127,226 918,409 57,925 353,135 

·rn.1 1,045,635 411 ,060 101,165 
~~ 

1,557,860 ~1l.JYl'lG1'\J 

1'LI'IJ11mtJm~1J1 '\.J"11~bll'U~\91 1J1~61~1\1~"1fi1'Vl1\lbl3l1'lj~n"il~'11~11J'UB\ltJ1~b'Vll3I bb"1~bll'U 
'\.Jm'Vl~b"1~'\.J1~'1!1'1l'U~11'\.Jt1v~'IJ~1nflbb"1~beLJ'1~.:i1~mn~61~ zj\11111v\'11111'\.Jw~\l'\.J"11'VlJ'Ui'.i~\l~\IB11 

• \J 

1'Vlmb"1~~\l'Vl~b"1B'U~1iJ'U 1~mbV1~\11111'\.J1~~\l'\.J"11'Vl~\la111 'VlmbiJ.:imimll'U 4 bb'Vl~\I 1~bbn ~a'IJ~nru 
\J 

a111'VlEJ~\l\9l~l'U\9ln zj\liJ'\.J~~1rum1~'1J~€JEJ"1~ 40, 'IJ~nrua111'VlEJ~\l\9l~l'U€l€ln (~€JEJ"1~ 30), 'U~b1ru 

\91B'UL'U c~av"'~ 20) bb"1~ 'IJ~nrua111'VlEJ\9la'U1~ (~av"'~ 10) (EJ~'LI"111~'U-a'm1311'lj{ 2542: 51-56) . ... 
1~vi1'\.J~~1ru~"1~'1J1'U~\IB111'VlE.Jfl~bll'U 85,260 b~l'l~n~'U 1'U V'l .131. 2551 (m~'\.J1~~.:i, 2555: 

b l'IJ 161!~) zj\1"1~"1\la~1\lb ~'LI 1~~~b~m Viv'Un'U'\.J~mru~"1~'1Ja~1\luav'li1\I 3 tJ na'UV1u1J'U ~a 

95,668, 111 ,865 bb"1~ 111,218 b~\9l~n~'U 1'LI V'l.131. 2550 2549 bb"1~ 2548 \911~'11~'1J v\'11~bn~ 

r11m~~--.i1'\.J"11'Vl~ bfl vi1a~~61~'1J1ru 1 'Ut11'UJ11'VlEJ'Vl1EJ1 '\.J1 Vl'U 
\J • \J 

~a 1~11 b llmbli'IJ'Vl n11Pln'lj1 brn~v11fl11m .LJ11"il"LJB\l'\.Jm'V11 'Ua111 'Vl vb ll'U~'Um zj\l 1~i1m1Pin'lj1 
\J 

b~m n'U'\.Jm~a~1\I~ ab ~a\l~\l 1 'Ua111 'Vl v bb"1~B'UmiJ'U 1~ v bUV'l1~a~1\I ~\l'Vl1\1~1'U~1'\.J1~~~1'l1J1 
('\.J1~n1 i'~'Un"1 , 2538: 1-16; 1m11~ 131'Vltnmru, 2541: 1-92; -r\9l'U1 ~'U'\.J1~~'Vl~, 2544: 1-22) • • 
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eJV 1..:J 11\Jl1:W fl11~ffl!f1 b ~m.h:::LiJ'U61i111 ~'V1-SYH.J1mth~:W..:J ~tJ-J1ij fl11~ fl~1 bb"1~vl1fl11th~biJ'U 

av1..:i~m~a..:i1'U61~eJl°ltJm'V11'UtJ~b1tuVl~b"1eJ'U\911lJ'U (11~ tJf11-rfl,;, 2527: 1-41; 11~ tJfll-rfl,;, \I ,.,~ ,.,~ 

' 2537: 281-295; ~h~ '4q)-rfl,; bb"1~~1"1a..:i "1l'U~~V15 , 2539: 537-555; 11~ '4qj-Sfl,; bb"1~1°lru~, 

2542: 119-132) cl1Vl-StJ 1 'Lieh11 'VlCJ "1l~vi l'i''LI ~ bmvi-Svi tl (2533: 1-27) 11i1vi1m1tJ1~bil'LI~fltlfl11 
" 

t:-J~vi1~w1-tl'bbtJtJ'"51"1a..:it:-J"1'1tJm11~..:i~lil1'LI'li1..:i ~.Pl . 2521 - 2530 ~tJl1el~~tJ1~:1J1ru 106,000 

b:u\Jl~fll'i''U~atJ bb"1~'11flm1tJ1~bil'Uci161\il 61:w'Vlni..:i b~CJ:w61:wtJ1ru (2536: 681-688) 11CJ..:i1'U11 m1 ' ·~ " 
vi1m1tJ1~:w..:itJm'Vla CJ L 'U1~ liltJ~:w1flLfi'LI1tJ1'LIm1:wV1:1J1 CJ'V11..:J bP11~~P11611J1{ b\il CJ1~1ii'tJ~ b 'Vl:W1~61l.JelV 

\I \I .. \I 

1'LI'li1..:itJ1~:w1ru 76,000 5..:i 81 ,000 b:W\Jl~fll'i''U~atJ bb"1~5 -m~11t!fli"111m1tJ1~:w..:i'1~btJ~CJtJbViCJtJ1~ 

1~\iltJ lil..:i flci 11,J el CJ fl111~1iltJ t:-J"' '1tJ m1161..:i61 \il bb~ b ~ a..:i:1J1'11fll°l11:Wl°l"11\il bl°l~ el'U~ijel ~i 61..:i 1 'LioLJell.!"1 t:-J"' 
\I , "" \I 

.... .... ~I cl .... 1 ."1 .... 4 0 1 ,,.. cl .. I .... .J 1 .. 
'1 tJ aw u 'LI 'V1CJa:w1tJ 'LI u '1 ~ tJ 'LI '1..:J Vl 1 'Vl:W 1°111:wb'Vl:W1~61 :W'Vl '1 ~ "a111~ \il tJ m 'Vll.11~61:W w "11..:J 

bP11~~P11611Jl{bvi1ntJ1~1iltJt:-J"1'1tJm1161..:i61\il (Christensen, 2010: 105-110) zj..:Jbb61\il..:Jl1fl11tJ1~:w..:i 
~ " , 

tJ"11'Vl 1 'Liei111'VlCJ11il CJ11:W Lfi'LI ~fl tl fl11t:-J~ \Jl bb~1 'UeJfl'11 fl.ct' m1~fl~1 m1 b tJ~ CJ'U bb tJ"1..:i 1 'Ua..:iri'tJwfleltJ 
" 

ij'l.l'U1\ilb~mfi'LI1tJm1-tltJ1~1CJ"1l°L1 (Growth overfishing) 

5..:i bb~11tJ~:w1rut:-J"1'1tJ~ b 'Vll.J1~61:W'1~ijm1tJ1~ Lilm~..:i 1'LitJ~b1rue:l111 'V1CJ bb"1~eJ'U\il1lJ'U bb~b ll'U~ 
CJel:W-StJ b\ilCJ~11 tJ111 'Um1vi1m1tJw:w~ bb tJtJ b61~ m1mtJ~:wtJ~:w1rut:-J"1'1tJ'1~ 1 ~t:-J"1~:W~'VlB~!i1aCJfll1 

fl11fl1'Vl'U\il'l.l'U1\ilbl°l~a..:iljel (el1Vib'li'LIV11el1'U) 'Vl~elfl1'Vl'U\il'l.l'U1\ilbb1fl'1tJ (Jutagate et al., 2012: 35-

53) zj,:i ~1~~ 61:W1'11~,; (2533: 1-28) 11i111CJ..:J1'U5..:i-d1..:i'l.J'U1\il\Jl1el1'U~ 4 'IJ .:W . 11ij1°111:Wb'Vll.J1~61l.J1'U 

m1vi1tJ1~:w..:itJ"11'Vlli11CJm'LI~a:w'1tJ1 'Liei111 'VlCJ elv1~ 11n1J11:wli11 CJ"' fl~ru~ m1vi1m1tJ1~:w..:i'11 flV1"11 fl 
" 

.,j .. .... IV .,j a l .. ""111 IV I .J 
bl°l1el~l.Jel bb"1~el1P1 CJ'l.lel:W"1 b ~elfl11 u w b:W'U'Vl b\il'11fl'l.l eJ:W"1 fl11 bb ~1fl1~'11CJ1°111:W '1'1.l el..:Jl°l11:W CJ11 el1'1'1 ~ 

" " 
b ll'LI 611 b VI \Jl b fi \il m 1:w l°l "11 \il b l°l ~a 'LI 'I.I a~ t:-J"' fl 11tJ 1~bil'LI11i1 '11 fl el l°l ~'I.I el~ fl 11 b~ el fl'1 tJ'l.l el~ bl°l ~a ~lj a 

' 
5..:ibb~l1'1~ijm1tJ-Srnb~~~1tJ1~bil'Ubb~1 (Beddington and Kirkwood, 2005: 163-170) zj~bll'U 

b'Vl\JltJfl~1'Lim1tJ1~bil'Limmb"1~'1.l'U1\il1'Libb~"1~el1CJ'l.la..:itJ"11'Vl1 'LitJ1~ b 'VlP11 'VlCJ~~1'Um lil..:ii!'Uel1'1flci11 
.. , , \I 

1 ... I .... • I .J 1 ,, ... I .. .. ,, ,, x cl I 0 

\il11 m 111..:i bbt:-J'U fl11'1\ilfl11u1~:W..:J'Vl L 'Vll.J1~61:W bb"1 ~ 'Vl:W u1~61'Vlti m~ \Jlel..:J fl11'1.leJ:W"1~'U~1'U'Vl bb:W'U CJ1 " ~ 
1 d d ~ d ci. 1 I V ' ~ .J ~I I.I ,K 

'U1b "1lel'1el blilCJ b\l~1~b 1eJ..:J'l.leJ~fl11tJ1~ b:W'Uel1 CJ bb"1~'1.l'U1\il 'UbLV1"1~el1 CJ'l.leJ~61\Jl1'U1 'IJ~b u'U'l.lel:W"1~'U~1'U 
, , \I -.. 

JI ... .J_s .... .J 1 .1 .. .... .1 ( ) ...i .. 
btJeJ..:J\Jl'U'Vlbt11°lqjV1~\il 'Ufl11u1~b:W'U61i111~'V11~CJ1fl1u1~:W..:J Campana, 2001 : 197-242 fl11'Vl:W 

bb V1ci..:itJ1~:w..:itJmV11 'Uei111 'Vlm ll'U 4 Lb Vici~ 1 'Vlfl i\il..:i~flci111 tJ bb~1-U1~1'i''U ~..:ivi11 ~bfilill"l1m:w11tJ"11'Vl " ·~ " 
bb~"1~bb V1ci..:itJ1~:w..:i '11il11 b ll'U61~al°l b~CJ1 n'U~..:ie:J11V1~a bJ ;..:i bb~"1~61~al°ln'1~n'l.ltJ1'U m1'V11~~"'1\Jl 

.. '] .J.J I ""1•1.Jclo 1"'"" 4 tJ1~"111m (fl11L\JltJ b\Jl , fl11\Jl1CJ bL"1~fl11'Vl\ilbb'Vl'U'V1) 'Vlbb\Jlfl\Jl1~fl'U u 'IJ..:J'Vlt:-J1'Ul.J1 \ill.Jt:-J"1fl11Plfl~1 

V11~~'LI~m1:u11ilCJ1-tl LOH lsozyme ~tJ11tJm~1'LitJ~b1rue:l111VlCJV1el'Ub'Uij 2 61~ell°l a~~1:wn'U 
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(-r\Pl'ln f:.J'1tS'lJ'lJ1, 2528: 318-330) ~\ltT'Ub~mlJ'Libb 'U1'Vl1\11 'Umd'U~'Vl1d~~fl1d'Vl-r-wEnm'\Jd~lJ\I 
e:i~1\l~\l~'U \11'LI1~ EJfl~\l.Q~\lv\'1md'\Jd~ bi3'UmEJ bb'1~'1J'U1~ 1 'Libb~'1~eJ1EJ'1JeJ\l'\J'11'Vl 1~ Elfl1del1'U1\11'LI . . " 

fl11:WEJ11 (Campana, 2001: 197-242; Begg et al. , 2005: 477-483) bb'1~vl1fl1dbbEJrn1~eJfl'1JeJ\I 

U'11'Vl 1~EJfl1deJ1~EJeJ\lflUWfleJ'U'1JeJ\151meJ\l~eJEJb 'Um~~fl'Vl (Campana et al., 1995: 115-120; 
\I , 'U 'U 'U 

Begg et al., 2005: 477-483) bb'1~vl1fl1d'\Jd~b:i3'U'V'l'11\Pl'\Jd~'1J1m'1Je:i\lbb~'1~'1~e:iri 'W~eJ:W~\l'\Jdtb:i3'U 

l°i1'1J'U1~ bb dfl~'U~ b 'VllJ1t'1:w 1~ El md'\Jw b:i3'U'11 flf:.J'1~'1.J ~eJ'Vl'lb E.J'Vl~ bb 'Vl'U~ bb'1 tlJ1'1~1.fl1'W~ e:i'Vli.11 E.J 

..J 1 1" o ( ) 1 "" 1 1 d ~\ J' d 'Vl~bb'Vl'U'Vl ~E.J '1Jbb'U'U'11'1eJ\1'1JeJ\I Beverton and Holt 1957: 1-19 'U'Udb1tl.!eJ11 'VlE.J 'IJ\lbu'U'W'U'Vl 

~'\Jdt b 'Vll'l1'VlEJ'11:1J1dt1~'1.J'\Jm'Vl1Jlm n~'1 ~'1Je:i\l'\J dt b 'Vl I'! 
" ' 

1.2 f \Plr1tl1~~~fiinT~1~a • 
1.2.1 b ~eJ'\1111'1.Jbb 'LI11 tJlJfl11b'l.J~EJ'Ubb '\J'1\1'1Jm'\J1t'1J1m'\J'111 'Ua111 'VlE.J 

d 0 W o\ 1 I 1 1.2.2 b'WeJ'11bb'Ufl'1\PleJfl'1JeJ\lu'11'Vl 'UeJ11 'VlEJ 
" 

1.3.2 '1~eJfl'1JeJ\IU'11lJ 1 'Ua111'VlEJ1lJ'11:w1dfl'<6'1bb 'Ufl 1Jlmnfl'J1 1 '1~e:iri 

1.3.3 mEJ m-a b~'U 1\Pl m-amE.J bb'1t'1J'U1~ bb'1t'\J~:w1rum1~'1.J~mmt'1:w'1Je:i\l'\J'11'Vl1 'Lia111 vm . " 

1.4 "lleJtn"ll\Pl~1'U1~a 

Pin~1'1m'Um1ru'1Je:i\l'Vl-r-w EJ1m'\Jm'Vlt b'11 'Ua111 'Vl EJ bb'1t 1 i'l.Jm'Vl b tJ'U~'Ubb 'U'U 1 'Un11Pin~1m1 
" 

0 f)I QJ 0 al d I f)I QJ 0 d 
'11U'Ufl'1\PleJfl U'1t1t~'U'Vl1fl11u1t:W\l'Vlb'Vl:W1t'1lJ'1JeJ\IU\Pl'1t'1\PleJfl (1t~'U'Vl1fl11U1tlJ\l'Vlb'VllJ1~'1lJ 

~1 b 'W'Lirn-aPi n~11 'LI:i3~'1JeJ\1'1J'U1~ bb -an~'U~ b 'Vl:!J1t'1:w bb'1 t-at~'U'\J~mrum-a~'U~ b V1:1J1t'1lJ '1JeJ\IU'11'Vl 
" 

bb~'1t'1~e:iri 1 'Ua111'VlEJ)1~EJlime:i'Ubb'LI1m1:wf\~'1Je:i\l lri1\lm11~EJ bb'1~'11 il 'LI.fl1'W~ 1.1 



~1LL'Un 

1.5 tJ~:::bV'tlcU~fl1l9111'1:::L~~tJ 

'!l'U1~LL!'lt'it~Un1'i"~1.J 
.J 
YIL'Vll.J1t~l.J 

'!l'U1~LL!'lt'it~1.Jn1'i~1.J 
.J 
YIL'Vll.J1t~l.J 
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fl\lflfl11l.l~"lleN?f fl11:::'Vl1'Yi ~1f1TU~ 1'Vl::: L~ 1 'Ll~'U~ri11 L 'Vl~ LL~:::el\lflfl11l.l~L~~1 tl'IJ?f ~flflU~1'Vl 
'V 'V 'V 

1'Ll'IJ~L1ruri111 'Vl~ "ll'U1~fl11l.!~11LL 1f1~'1J~L 'Vlm:::?fl.J LL~:::\J~mrum1~'1J~L 'Vlm:::?fl.JL ~a 1i~1'Vl~'IJ 

m1'1J~V111~l9lf111'Vl~YiV1mlJ1:::mlJ~1'Vl 1'Ll'IJ~L1ruri111 'Vl~ 
'V 

1.6 ~:::v:::L 'U11f11"aflf1~1 

Ln'IJl'i'1a~1\l LL~:::.LJ'al.!~~1nl'i'1a~1\l1'U-d1\lnm Yi.Pl . 2555 ~\l 2557 
'V 

Ji d~ 
1. 7 W'IJ'Vll"ln~1 

~ d' ~ 
Yi'U'Vlfl11 b 'Vl ~ 



2.1 m1tJ1::3.J..:i'Vl::bfl'tlt1..:i1 'Vl~L 'U111vr-a13.1 

"" \J'Vl'VI 2 

• 1 1 1 "" ... ' 1 ... ... J' .J ... ,, fl11 u':i::l.J-:J'Vl:: b'1"ll€M 'Vlf.I 'UJ11'Vl11l.Jl.J~'1"il'U"il1 f1'Vl:: b'1€l11 'Vl f.I 'Vl:: LG'l €l'U ~1l.J'U 'Vl'U'Vl'Vl'U61!€l'U bb'1:: 

'Vl:: L'1'Uant11'UJ1 zj,:i?11l.!11t1~~~'11'r5J11~tJ1::mru 1,557 ,860 l'i''Ul'iatJ1 'UU"il "il'IJ''U zj,:i1 'U'U11~1 , 

tJ1::l.J-:iL :a-:i'Vl1ru"11 tl L 'U.fl1'Vl11l.Ji!'U'Vl'U11LL vt~-:iv11m1tJ1::l.J-:i 1 'UB111 'Vlf.lii'1~ci1'U"Va-:i~"'~~~"il1nm1 
v11m1tJ1::l.J-:J~'UU1'U LL6'1::fl11vl1f111D1::l.J-:iL:a-:i'Vl1ru"1ltl iil°i1~€lf.16'1:: 12 bLG'l:: 88 ml.J~1~'U L'U"llf.IJ:: 

.J I al CV QJ c::ilQJ I .Q. 0 ol .r II 0 

'Vl bb VI 6'1-:J u 1:: l.J-:J 'Vl:: L '1€1'U~1l.J'Ul.J6'l ~ 6'11 'U "lJ €1-:J ~ '1~'1~"il1f1f111'Vl1 f111 u 1:: l.J-:J 'Vl 'U 'U 1 'U LL '1:: f111'Vl1 f111 

DWl.J-:Jb:a-:J'Vl1ru"1Jtl iil°i1~€lf.16'1:: 14 bLG'l:: 86 ml.l~1~'U (ml.ltJ1::l.J-:Jbb6'1::~'Utl'IJ'qi"1!1f111LLm"VUqjV!1 

n11v11tJ1::l.l-:i~~n~vtl.!1f.I, 2559: 18) 

"1J\j~G1~1J1~~'U1~'11f1LL V!~-:JtJ 1::l.J-:J~-:JV!l.J~'Vl'U-J1'1~-jJ1V!,j'1~'U ( tJ '11V!,j'1~'U LLG'l:: G1 ~1tl1vt,.J1 
~mJ\j~~'U 61 ~-:JV!l.J~) ii'1~ci1'U6'l-:J~6'1~~€lf.16'1:: 49 zj,:i'11LL'Uf1~€lf.11~LlJ'U~'1~~~'11f1'Vl::L6'1B111'Vlf.I 

I " , 

~a f.16'1:: 35 LL'1::'11 n'Vl:: L'1 eJ'U~1~'U~a f.1'1:: 14 "Ve:J-:J~G'l~u~-:ivtl.l~ L 'Uci1'U"Va-:itJ6'11~1J1i!'U'Vl'U11 
tJ~mru~G'l ~~~11l.lii'1~ci1m th...i~a f.1'1:: 45 "Ve:J-:J~'1~u'1~1'Vl:: L'1~-:Jvtl.l~"Va-:itJ1:: L 'Vll111 'Vlf.I 1~m lJ'U~'1 
~tJ"il1 nB111 'Vl f.l~a f.16'1:: 32 LL'1::'11 n'Vl:: L'1 eJ'Um~u~a f.16'1:: 13 "Va-:i ~'1~'U11l.l~-:Jvtl.l~ ci1tJ~'1~'U~ 
b V!~€1Bf1~€lf.1'1:: 6 L lJ'U~'1~'U"il1 f1'Vl:: L'1'U€lf1tJ1tJtl1 (ml.JtJ':i::l.J-:J LLG'l::~'Utl'IJ' qj"1l1 fl11 LLm "VU fk!V!1 fl11vl1 

tJ1::l.l-:i~ ~n~vtl.11 f.I, 2559: 18) '1~ci1t1"Va-:ia-:i~tJ1:: na'lJ"1J\j~G1~1J1~~ n~u 1~~1 f.I m1tJ1::l.J-:i 

~'t.IU 1'ULL'1:: m 1tJ1::l.J-:J'Vl1 ru"1J tl nii fl11l.J bb~ f11'11-:i nu 1~ f.I m 1tJ 1::l.J-:J~'UU 1tl~ f1~'UD'11 ~1J1 ( f.I f1L1u 

tJ'11n::\9ln) LL'1::'1~1J111l.l~'U 1 Hi!. 'UG1~~1'U~~-:i 1 u"Vru::~m1tJ1::l.J-:i'Vl1ru"11tl"il::~'UtJmvt,.J1~'U 
tJm~1J1 (11l.ltJmn::\9ln) LLG'l::tJmLlJ~ 1~ 'UG1~ci1'U~?1-:i (.fl1'Vl~ 2.1) 

'U 
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~"'l 
32% 19% 
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1 'Umi11~1111tl1V1u1~'U~'1fl~u fa t1m'itl'it11.:i~'UU1'Ul1 fl'1 flvi1 m'itl':itu~v11 mn'U~~, 'li'1 en'U 
, \J " '(i 

~~1111~'\J ., aeiu (m1utla1 ae:iu'Vlilfl u.a::ae:iutl) LU~ t1'1'Ul'l'it1U'Vlilfl en'U-&'t1'U'Vlilfl u.a::en'U'i'U 
I v • 

'11'U~'1fl~'lJ~1tlfl1';iU';it2J-:!Ynru"!l~lJfl'1fl~'U~1tl€11'U~nnt•i 81'U(;l1f1U.t.it.111ttLfl ffJ'U(;l1flf"l1'l.101-:I LL(;lt 
v v v 

€11'\J';i'U 'ht.1tla1~1tl1Ll'l~€1-:1"€1vit m 'l.lfl1'itl'itlJ-:l~'UU1'U 1~u.ri t11'Uaa11~~ 81'l.l~~!Jl1 u.mmTU 1 Ut 
' 

"1'Vl~'lJfl1';i\J';itlJ.:JYnru"!lm ;f Ll'l~€1-:!i'.lt1t1'1'U'1t1lJ~'lJ ( 81'U~1 €11'U~1'lhtfl€1'lJ U.'1-:11 Yhfa Ll.(;lteJd'lJ~tllJ 

i-:i) '11'Utla1flt~fl;-:1L U'Utla1~~u 1~l.11fl L 'U~-:1'1111 vivu.a::vi:: LfleJ'U~12J'UJ'lJ'11'U111f1'1fl~'lJ 1~~v 
v 

m'ivi1m'itl'itlN L ;i-:ivnru"!lv1~v 1 iLl'l~eN1le:imtJae:i11tla1flt~ fl m'Ul'l'it1utla1fl::~n u.a::entJene:i'U 

tla1nt~n (ml.Jtl'itlJ-:!LLflt~'U~Uq/"!11fl1':iLLti1 't1Uq/'Vl1fl1'ivi1tl':itlJ-:!~~n~'Vlmt1, 2559: 70-71) 

L 'lJU'1~U'l.lfl1';iU'itl.J-:!Vlt Lfl'Utl-:11 VlfJU';it'1'lJU q/'Vl1 LLfl tl'l11lJ~1Y11fl'Vlfl1 fJU';it fl1';j~') ti fl'U '11tl 

tl':itL~'U1~~v ijm'i~u~1111tl1l.J1mn'lJl'l1';i Liiv-:i'11nij~1'1.11'UL~atl';i::11-:il.J1mn'l.l1tl u.a::m':ivi1m';i 

tl'i::11-:iij~nv.m'Vi 1'l.lm';i~u~1111tl1~'1-:1Ln'lJ1 ti 1~mo'V'l1::na-:1L~v'V'l1ru"!I~ 'i111~-:iijm':ivi1m'itl'itl.J-:i 
v 

u. uu~~fl~V1111v 'tl1~ fl1';i':i1 v-:11'1.1 ua:: Hm':il'l1'lJfllJ (IUU) L iia.:i'11flf11':iU-:i~u1 in~V1111v n1'i 

tl';itl.J-:i UJijtJ';jt~Y16.n1Y'l ijm';i~uan~1111tl1 Lf'l';j~fjn'1111t-&'tl';it1t1"!1'U1 'lJtl~l.J1ru111fl L iia-:1'11flijl'l11l.J v ... 

~a-:im'itla1L ti~ L 'l.lfl1'iL Yi1tL~t1-:i~1111tl1 L ~l.J~'l.I u.atLl'l~a-:ii'.latl';itl.J-:il1fl'1tij'tl'l.l1~1111mm~fl ijf"l11l.I 

'II~ LLEJ-:l';it'V111-:1'!111tl ';itl.J-:1~'\JU 1'lJ LL fl t'l111 tl ';j tl.J-:l'rnru"!I ~ L ii tl-:!'11 fl fl1';j LL -tl-:i'!l'lJ ~'lJ ~ 1111tl1~ij'1.n 11 t 

L~tll.J L Vl';il.Jtl ~i ua1 Ln~l'l11lJ L~tll.J 1 Yl';il.J'tltl-:ILL 'Vl~-:!~€1~'11~ t1~1111tl1 -O'til.Jfl'11';i'1'\JL Ylf'l~1't.lfl1'iU';itl.J-:! 
~ v v 

WL if v-:i'V'le:i 'i'1l.l~-:i~nv.n1Y'l L 'Ufl1'i~~m".itl'itl.J-:i WL flt1-:i'Vit1 ;,:itl';itL~'l.IUq/'Vl1LLfltf"l11l.J~1Y11m V1~1d 
n1~-:i~ f1~1L Du fl1'i u.nt 't1Ufll'Vl1 ua::L'1~l.1'1~1-:iu. 'lJ1vi1-:1f11';i'lJ~'V11';i~~m".iVli'Yi t11 fl'iU';itl.J-:i'tle:i-:i 
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th~ L VJ~1VJCJ1 Vlihh~~VJB.n1vre:i ~1.:i L ~.:i~hu 1 uil;,i'luu ( m:w'lh~:w.:i LL'1~~u~u~"111 m1 LLm 'llU qJ'Vl1 m1 

v\'1'\.J1~:w.:i~~n{)'Vl:1J1CJ, 2559: 70-71) 

2.2 m-atl-a::i.i-:i1 '1Jtl111 VIV 

f111U1~:W.:I 1 u B11 L 'Vl CJn:W1'\J1'\J ffJ1 100 :W1LL~1 'Vl1 rnL~f111U1~:W.:I L ~.:!Yi1ru"IJ~~a111~L~:W~'\J 
L~a tJ Yi.~. 2468 ~.:ILL~nm1t11mu\Pl.:1Ln (Chinese purse seine) L.rr1:w11mu'\.J1~L'Vl~L'VlCJ (L'<il~~ 

ij~511:wCJ.:1, 2543: 79-96; Tokrisna, 2006: 95) a11L'VlCJ~a11LU'IJLLV1ci.:1'\.J1~:w.:i~nn1~.:ie.i~l'l~l'l1tl1 
'1.:l:W1n e.J'1e.J~l'l~l'l1tl1h1tJ Yi . ~ . 2557 ne.i'1e.J~l'l5.:i 1,045,635 \Plu LU'\J~l'l1tl1'VIU1~'\J~elCJ'1~ 53 
'U 

(550,150 \Plu) LL'1~'\.J~n~1J1~aCJ'1~ 47 (495,485 \Plu) 1u Yi.~. 2557 1ua11LVJCJnL~a~v\'1m1 
'\.J1~:w.:i~l'l1V1u1~ua~ 28,273 ~1 v\'1m1'\.J1~:w.:i'\.Jm~1J1 3,202 ~1 LL'1~v\'1m1'\.J1~:w.:i'\.J'11n~\Pln 

'U 

1,027 ~1 LL'1~'<iJ1ne.1'1m1'\.JwLi1'1Je.J'1~'lJ'1.:!'1~~~.:1~'\J (Maximum sustainable yield: MSY) 1mh1 
'U , 

L 'VlCJYi'lJ11nu~mrue.1'1~'lJ'1.:!'1~~ ~.:i~'\J'1JB.:l~l'l1tl1V1u1~ua~~ 794, 771 \Plu zj.:ie.1'1m1'\.J1~ Li1'1J 
'U ' 'U 

~VIL ~u11m1'1.:i LL 1.:i'\.J1~:w.:i 1 uu'<iJ'<ilU'IJ:lJ1nn111~~'lJ~ L 'Vl:w1~'1:w~a CJ'1~32.8 ~.:it!u~.:im1'1~m1'1.:i , 

LL 1.:i'\.J1~:w.:i 1 u~l'l1'Vl~L'1'VIU1~'\J'1.:I 611V1fo'\.Jm~1J1e.1'1 m1'\.J1~ Li1'1Je.J'1~'\.J'1.:1'1~~~.:i ~'\J (Maximum 'U , 

sustainable yield: MSY) 1ua11L'VlCJYi'lJ11ij'\.J~:w1rue.1'1~'lJ'1-:i'1~~~.:1~'\J'llel.:IU'11~1J1a~~ 248, 176 
'U , 'U 

~u zj.:ie.1'1 m1'\.J1~ Li1u'1a~ri~a.:i n'lJ m1'\.J1~Li1u 1 u~l'l1tl1V1u1~u~a~ Vi L ~u11m1'1.:ILL 1.:i'\.J1~:w.:i 1 u 

U'<il'<ilU'\J:W1 nn111~~'\.J~ L 'Vl:W1~ '1:W ~a CJ'1~27 ~.:it!u~.:im1'1 ~f111'1.:I LL 1.:i'\.J1~:w.:11 u'\.J'11~1tl1'1.:i 
' 

L-li'IJL~CJ1tl'\J (m:w'\.J1~:W.:ILL'1~~'\J~Uqj"ll1f111LLm '1JUqj'Vl1f111vl1U1~:W.:l~~n~'Vl:W1CJ' 2559: 70-7 5) 

m1'\.J1~Li1'1Je.J'1~'\.J'1.:!'1~~~.:l~'\J (Maximum sustainable yield: MSY) L'\J~l'l1tl111CJ"lli1~1u 
" ' 

a11 L 'VlCJ (m11.:i~ 2.1) Yi'lJ11'\.J'11~1tl1VJn"lli1~nm11-tl'\.J1~ LCJ"1Jtl:1J1rnfium1 (CJrn1'u'\.J'11V1~.:1L~CJ1 , 

Sardinella gibbosa) ~l'l1tl1V1u1~'UVJn"lli1~CJrn1'u'\.JmLLD'\J (Photopetoralis bindus) LL'1:::'Vlljn 

n~1CJ (Photololigo chinensis LL'1~ P. duvaucelii) nm11-tl'\.Jw LCJ"1Jtl:w1rnfium1 i:i1'1J'\.J'11n:::\Pln 

n11 CJ .:11u11n f111L-tl'\.J1::: LCJ'l!tl:w1nLn'IJ1"111 L Yi CJ.:! L~ nu a CJ ( m:w'\.J 1~:W.:I LL'1::: ~'\J~U qj"ll1 f111 LLm 'lJU qj'Vf 1 

m1v\'1'\.J1::::w.:i~~n~V1:w1CJ , 2559: 7 6-80) 

OJ ~ ,, .,j ., 
tJ II "" ~~1'\J1 "!1v~13HU ~1111:: m-ae:11-:ie:1-:i ., 

Megalospis cordy la LL-ff .:i 1n ~.:iLL~.:iLnufeJem~ 50 2550 tltihifl ~ueJuu~ LL~~flru~ 

(2555: 1-40) 

Rastrelliger kanagurta ~.:i ~ .:J LL~.:JLn'l..lf'Elti~~ 10 2550 mp3-!J1 'O.:J~~1 LL~~flru~ (2555: 

1-45) 
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Sardine/la gibbosa 'Vl~.:JL~En "1.:JLL7.:i~1~t1EJ"1~ 20 2550 uu'Vl-U'EJ l!C\J'17 LL"1~~ru~ (2556: 

1-45) 

Priacanthus tayenus \J\1'\1111\J "1 .:JLL7 .:J LfiufaEJ"1~ 70 2534 FAO (1995: 1-200) 

P. tayenus 

Nemipterus hexodon 'Vl71EJLL~.:J "1.:JLL7.:JLfiU~t!EJ"1~ 46 2534 FAO (1995: 1-200) 

Saurida undosquamis U1fl~l.J "1.:JLmLfiufaEJ"1~ 64 2534 FAO (1995: 1-200) 

5. elongata U1fl~l.J "1.:JLLrnfiu~eJEJ"1~ 54 2534 FAO (1995: 1-200) 

Photopetoralis bindus LLU\J 2550 

LL"1~~ru~ (2556: 1-49) 

2.3 m-atl-a~iJ.:itl~n~t 'Uei111vm 

b'UU VLl31. 2553 t-1'1~Utl~nv1vi'1fami~~tl'J~lJ1ru 3 bb'1'U~'U (FAO, 2010: Web-Site) zj,:itJ 
"' "' 

~-:inci11t-1i;i~utli;i1'Vl'11fleJ111 vmi1 91,4 70 ~'LI (ml.ltl'J~m, 2555: b1u1'11~) ~-:ii!'Ut-1'1~utli;i1'Vl'11fl 
"' "' 

-eJ111 'VlEJ~'ltl'J~l.l1rum'Jfi~b U'Wtl~mru V1~-:i 1 'W'11l.l"llti-:it-1i;i~utli;i1~vi'1 fan '11flt-1'1~U~·:mci11Lb'1~-:i 1 ~ 
,, 

b ~'Wfi'IF111l.J'11~f1 l"lJtJ'l'Vl~Yl CJ1fl'Jtl'11'Vl b 'UeJ111'VlCJ1~ti ~1'1otl~ b '1'\J '11V1~U fl1'Jvi1fl1'Jtl'J~l.J'ltlm'Vli.J'U 
·~ "' "' 

1 'W'1~EJ ne:i'U (ne:i'Uu Yll31 2400) m'Jvi1m'Jtl'J~l.J-:itlm'Vl'1CJl.J 1.UbFi~e:i-:ii1e:i rn~zj,:i b umFi~e:i-:ii1e:it!'J~~1~ 
"' 

'11l.l1'J'1~Utl'11'Vl 1~mn~'1~ V1i;r-:i'11ni!'W 1~i1 fl1'Jtl1 bF1~ti-:ii1tim'W~'I bfll.l1 b m 'UeJ111 'VlEJ b 'LI'J~vt11-:itJ 
"' ' 

Yl.131. 2410 fi-:i 24so LU'Ut-1i;ivi11 ~'l.f11tl'J~l.J-:i1 'VlEJ~'Ul.J11 ibFi~a-:ii1a'l.ftim1~utl"11'Vlb~l.lmn~'W 'j~EJ~ 
"' 

~e:imtl1b~ti~i1bFi~ti-:iEJ'W~ b.LJ'1m 1 m 'WB111 'Vlm ~l.lmn~'W brn~1 'Wll Yl.131.2496 'l.f11tl'J~l.l-:inb~l.ltl1 
bFi~e:i-:ii1e:im'W~~zj,:i b U'Utll'W'Vi1'11n 1 'Wcie:im .V1m 1oUbb"1~1~~um1l.l'1EJl.lbb'V'l~vtmEJ '1'Wvi11 ~~1'W1'U 

rn~i1tJ~l.J1ru"~"-:ib~aCJ 1 

~1'Wn~vi1m'Jtl'J~l.l-:itli;i1'Vli!'W 1 'Wbb~i;i~~'W~i1m1l.l bb~ 11~1-:in'Utitin 1 tJ b ~ti'l'11flB'Vl~Yl"1"1lti'l'1l.l ·1.., "' 

l.l'J'1l.l~~1'Wtitim5EJ-:ib vr-Ue:i zj,:ib~l.l'11m~ti'W~mfll.l fi-:i fll.l.fl1oW'U5 bb"1~"1l.Jl.l'J'1l.l~~1'W~m5EJ-:i1~ zj,:i , , , , 
b~l.J'11m~-emi1'U1Fil.J fi-:i ~mfll.J 1 'W"1i1-:in~l.J'J'1l.J~~1'Uae:im5EJ-:ib wuai!'U i1t-1"1'Vi11 V1LlJ'11l.J1'J'1vi1111'J , .. ," , 
tl'J~l.l'ltl"11'Vl b 'Ub "1l~eJ111'VlEJ~'l~~1'W~fl1~ b~ti~'Vi1 m'Jtl'J~l.J-:itlm'Vl'1~ bF1~ti'WEJ1EJ 1 tl'Vi1111'J~U'Vl1'1~'1 

"' "' 
~~1'Wtitinzj-:iFi~'LI"1l.l'1'1U bb"1~ b 'U'Vl1-:i~'J-:i.LJ'1l.l 'l.f11tl'J~l.l'l'1~EJ1EJ11i;rumvi1m'Jtl'J~l.l'ltl"11'Vl1'Wu~b1ru 

"' 
~'I~ ~1'W ~ mde:i fi-:in ~l.l'J'1l.l~ ~1'W ~fl bQ EJ-:i 1~ zj,:i u ~ b 1 ru ~ -:i ~ ~1'W e:ie:i ni1Fi ~'U"1l.J~~ ri1vt~uu~ b 1 ru-eJ11 

·1 "' ' 

1 'Vl CJ~tl'U b 'U,!'U 1lJrie:iEJi1 t-1'1 m~'VlU b ~ tl'l'11 fl"1l.ll.J'J'1l.J ~'l,!'Un~vi1111'Jtli~l.J'l b 'UU~b 1 ru tf~-:i EJ11'U1'U 
' ·1 "' 
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ffi1 2 ~\I ~fl'111mbb~1 ~m~llv1'1m1tJ1~1J\1'11m~ffu~\IV11FllJ '1t.1fi'I tJmm~a1..11Jm1FllJ '11fli!1..1n 

"\l~vl1fl11bfl~BtJEJ1EJl1111J~\ltJm~ b~1.JY11\l 1 UEJ\ltJ~nru~t.1 1 l'ia 1 tJ 

'11flialJ6'1'11fl61'1~fl11tJ1~1J\l~\lbbl'itJ vu•i. 2505 fi'I 2519 bb6'1~ 1~V1l1\I vu•i. 2524 fi'I 2556 
\J 

vm1111..1tJ vul. 2508 t:-.16'l~tJtJ6'11YJi1tJ~lJ1ru61\1'1l'lfi\I 85, 116 b1Jl11~flvi't.1 V1~fl"\11fli!1..1tJ~lJ1rufl11~u 
\J \J ' 

1Ji'6'lt'l6'1\lb~aEJ 1 '1t.1m~~\111..1tJ vu•i. 2519 tl~mrum1~ubr;EJ\I 29,419 blJl11~flvi't.1 bb6'l~u~nruei11 

1 YlEJ~\1111~1'1..1111 fli1tl~mru m1~u l'i aV1t11 EJ bb6'l~tJ~mru fl11~tJ~\l'VllJl'l~\lfll1 b '1Jl11~1.J 1 ( Chantarasri, 

1977: 113-121) bb6'1~1~V111'l'1i1\I Yl. Pl. 2524 fi'I 2556 i1tl~lJ1rufl11~utJmYJ61\161t'l 136,005 vi't.1 
\J\J • 

11..1tJ Y'l.Pl. 2554 

'1Jt.111'1'1J a \IU 6'11Yl 11'1 EJ~11 tl~ b i11l1 a ~11..1'1i1EJfl11tl1 ~l.l\I i1~ G1' EJ'1JB\I F1111J EJ 11 btl~ EJ 21 . 5 
\J \J 

b~t.1~ bl.11111 (Hongskul, 197 4: 293-342) 11'1EJtlmX]1 t.1ei111 YlEJi1imvit.1-tl'l'la~ 2 it.1 umxiit.1bb 1fl'1~ 

b.LJ1a~b t.1'1i1EJfl11U1~1J\111.Jb~B1.J'V'l~'l':ffl1FllJ Ji'1EJ~11..1iJEJ1J'1JB\lfl111JEJ11 bvl1rltJ 15.5 b~tJ~blJ\111 bb6'1~ 

~fl~tJ'1t.1fi\lb~B1.JblJ'l':f1EJ1.Jbb6'l~'V'l~'l':fi11FllJ'1JB\IUl'iam (Hongskul, 1974: 293-342) ~1t.1it.1~61a\lhli1 
<d cvdv1"' 

fl1111EJ\111.J{)\1'1J1.J1\'lbb 1fl"\ltJY1"\ltJ \11 

61mt.1 fl11ru fl11tl1~1J\ltJ6'11YJ 11..1ei 111 Y1 EJi1 fl11 b tJ ~ EJt.1bbtJ6'l '11tl11111! fl16'1b16'11 '11fl fl11tl1~ d'lt.1 
\J 

'1m1..1m1rutl1~1J\ltlmXJ 11..1ei111YJEJ11'1EJm~ EJYJ~'l'f~'1Ja\I fl11tl1~ biJ1..1tJ1~"111m 1Jl~1b iJ1..11J1bb~1V1mEJ 

Fl~\I 11'1EJ 1 i-Um.J6'1'1lB\l'li1\11~ EJ~ b1'11bb6'1~15m1bbl11fll'i1\lnt.11ii'\ltl11fl~ 11..111EJ\111.J'1JB\I Kurogane et al. 

(1970: 67-91), Hongskul (1974: 293-342), Menasveta et al. (1973: 1-68) bb6'1~ SCSP (1978: 

1-70) EJflvl1B~1\lb'1itJ Kurogane et al. ( 1970: 67-91) bb6'1~ Hongskul (1974: 293-342) 1Jlv11m1 

1bfl11~~-Um,j6'l 11..1tJ Y'l . Pl . 2505 fi'I 2513 vl1m1tlwbiJt.161i111~fl11tl1~1J\1'11fl Yield per recruit 

mode zj\1611tl t:-.16'11Ji'11 '1mt.1 fl11rutJ1~1J\ltlmY11 t.1'1Jru~i!1..1tr\I hlfi \I.ff 1..1~ {) fl~tJl.11 mn1..1FJ11 (Over 
• \J \J 

exploitation) bb6'1 ~tr \16111!11{) b ~ ll'll~m ru fl 11~ u~ 1..1 B fl b~ fl iJ a EJ Jl1EJfl116'11'1'1J1.J1 t'ltl6'11Yl ~{)fl~ u 
\J \J 

b~llbb1fl"\11fl'1J1.J11'1 14 b~tJ~blJ\111 (B1EJ 4 b~at.1) 1J1bU1.J'1J1.J11'1 12 b~t.l~bl.11111 (BlEJ 3 b~BtJ) bb~1'1~i1 • • 
t:-J6'lvl11~ Yield b~lJ~1.JBflU1~1J1t\J~BEJ6'1~ 20 bbl11b1.JY11\lbl'11'l':f~n"\lbb~1tJ\lbU1.J1 tJhJ1Ji' b~B\1'11flU'11Yl 

~ \J 

'1J1.J11'1 b~ fl fll1 14. 0 b~1.J~ bl.11111 b U1.JU'11Yl~hJi111FJ1 b ~ B\l"\11flflt.I1Y1fJ1lJiJEJ1JtJ~fo Fl 1t.1'1i1\lb16'11,!1.J 
\J 

m1~"\l~b~1J Yield ~\lfl11'1~m~v1'1fl11L~1Jtl~mrubb1\l\111..1tl1~1J\I (Fishing effort) zj\ler~ 
\J 

v1'1m1?ifl'l':f11Ji'Lbt.1~t111111'111..11t.1bb 1\l\11t.1tJ1~ii\lvfl mlJm1'1~b~llll1fl 1tlfl11tl~ll1ru11..1tJ 'V'l.Pl. 2509 

Menasveta et al. ( 1973: 1-68) 1Jlv1'1m11Lfl11~~61'1~tl~mrum1~ubb6'l~fl116'1\lbb 1\l\11t.111..1tJ 

'V'l .Pl.2505 fi'I 2513 bb6'l~t11mtJ1~biJt.1~flEJ1t.1fl11t:-J~l11~\l~l'l (Potential yield) zj\IU11fl~111Jl 

tJ1~1J1ru 90,000 blJl11~flvl1.Jzj\11J1flfll1~ Kurogane et al. (1970: 67-91) 1Ji'tJ1~biJ1..1Hfi\l~BEJ6'1~ 

28 bb6'1 ~~fl EJ11..1m1t:-.1~11161\161t'l~tJ1~ LiJ1..11Jlt1i1ri1mflflllt:-.16'l~u11 EJtJ11'1 EJ LU~ EJ bb6'l~t:-.16'l~u11 EJU'1JB\I 
\J ' 

VJfl 1 tJ EJm11..1tJ 'V'l .Pl . 2509 '11flt:-.16'lm1tJ1~LiJ1..1t1 bb611'1\11~L~t.11161i111~m1tJ1~1J\ltlmYJ11..1'1i1\ltJ 
\J 
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fl11~'U 

~.:im 'U fl11tl1~"1J~ bb~ ~~1~vhm11~ CJ b~ CJ1 tl'U'Vl~~ CJ1 mtl~1'Vl~ bih:i.:itJir.:itJ1~ b 'Vll"lm b~ b ~CJ bdeJ 
• 'IJ 

b~eJ'U~'ll"l~ fl1CJ'U 2520 1~v11fl11tl1~ bij'UtJ1~"1J1mtl~1xi1 'Ue1111 'Vl CJBflflf .:il-1~.:i 1~w 1-b'.UeJ~~?l'1~ 
tl~mrufl11~rnb~~fl11~u Lb~~ fl11~.:ibb 1.:i.:i1'U1 'Ull ~. P1. 251 o ~.:i 2519 v11m1tl1~ bij'UbbCJm ll'U 

2 b'lJ1'1 ~eJe1111 'VlCJ~-:!1'1~l'Ul'1fl bb~~~-:!\Jl~l'UeleJfl (SCSP 1978: 1-70) zj.:itJ11fl!Jl1tl~~1rum1~'Utl~1 

'Vl'Vl1.:i b 'lJ\J) fl11tl1~~.:i e1111'VlCJ~.:i1'1~1'U \Ji fl 1~~ ~~.:ieJ v1.:i11 ~ b ~1iru~.:i bb~tl ~.Pl. 251 o b ll'U~'U~1 
'IJ 

tl~~1rufl11~u1'Wll ~.!"! . 2517 iltJ~~1ruLYlCJ.:i 21,000 b~\Jl~fl~'U zj,:iblJ'Utl~~1ru~1~~ t-J~fl11 

tl1~ bijw~'i'flCJ1 'U m1t-J~1J1~.:i~~ tl11fl!J111~tl1~mru 25 ,ooo b~\Jl~fl~'U zj,:iiJeJCJ fl11tl~~1rum1~u 
'i" .,I.. "" ,.,.,i, tJ tJ ii~ "'1"• b~CJbO~CJ'lJeJ.:JiJ ~.Pl. 2510 CN 2519 "il-:lb"lleJ11G'f.ll11~fl11 1~~-:l m'Vl'Vl1-:l~-:l'U b'U1~CJ~l-1~.:J ~'Vl1fl11 

'IJ 

m1bb~~tl1~~1ru11~fltl m1t-J~1J1?1.:i?1~ hlm1"il~UeJCJfll1 7 ,ooo ~'LI zj.:i b ll'Utl~mrum1~u?1.:i?1~ 1 'Wll 
~ , ~ , 

~.Pl. 2516 zj,:i Hongskul (1974: 293-342) m~tl1~bij'U?f()1'Ufl11rubU'Ubb'U1LU~b"li'Ub~CJ1tl'U bb~fl 

1~ b u'U11Lb~"il~ffieJ m?1~"il~v11m1~utl~1'Vl'Vl1.:i~.:idb ~~~1fl:ff'U1~ CJ m1 b ~~tl~~1ru m1~.:i Lb 1.:i.:i1'U Lb~ 
'IJ 

.. ' 
b?ICJfleJ'U 

2.4 '1'4m111G1'U ~nc~ru~ltl~1.:i ~iltjil1A'a bb~~n1".ibbW~m~'11'1'tlil.:Jthn~ 

tl~1'VleJCJb'U?ffl~ Rastrellioer iJzjeJoWeJ-:ll-1~1CJ'1JiJ~bb~zjB~il?fm'U~ilb.WCJ.:i 3 "ll'Ll~ ~B tl'11'Vl 
~ ~ , ~ ~ 

Rastrelliger brachysoma (Bleeker, 1851) tlm~.:i Rastrelliger kanagurta (Cuvier, 1816) 

bb~~ tl~1~.:itl1fl~.:J"ilfl Rastrelliger faughni Matsui, 1967 zj.:iiJm1bb~~m~"il1CJB~'1'U~'Umfl~ 
b~CJ-:ltl'U bb~ilfl11~bbl'1fl~1.:in'U'lJB-:l~fl~ru~1tl~1.:i bb~~"'ru~1'U~1.:i 6'l m11J111"il beJfl?1111 'U~.Qfl~11~.:i 

'IJ "' I 

oUB~~'Vl1.:J~11'VlCJ1 'lJB-:!tl'11X)"ll'Ll~ Rastrelliger brachysoma (Bleeker, 1851) (.111~~ 2.2) bYlCJ.:i 

"ll'Ll~ b~CJ11 'U~'U~e1111 'VlCJ zj,:iblJ'U~'U~~fl~11 'Uflf .:id ~.:idm1~~'11~u'Vl1.:iv'Um~151'U'lJeNtlm'Vl 
, 'IJ 

?11m1'1~~'11~'Ul'11~ The Integrated Taxonomic Information System (2012: : bl'U1'dt?i) 1~ 



Kingdom Animalia 

Phylum Chordata 

12 

Class Actinopterygi i 

Order Perciformes 

Family Scombridae 

Genus Rastrelliger 

Species Rastrelliger brachysoma (Bleeker, 1851) 

Synonym(s): Rastrelliger neglectus (van Kampen, 1907) 

Scomber brachysoma Bleeker, 1851 

Scomber neglectus van Kampen, 1907 

fl1V..~ 2.2 ~n~ru::..t1\tl'!lei.:itlt=11~ 

~l.11: Collette and Nauen (1983: 46) 

Collette and Nauen (1983: 1-137) urrn1vH11 tJ~1'VlLll'UtJ~1~i1'jtJ'Vl'j.:l~1~1LL'U'U 
\) \) 

Fusiform ~1~1~fll.J1f1 fn1l.J~f1~1~T11iltJ~nrutJ~1mL~'UU\ilLvt~tini1'11il~1'1.JU'j~l.J1ru l L'U 4 'lleN 

fn1l.JV1161itil.JVl1.:l 'll'U1\ilfn1l.J~ fl'llti.:l-X1 Lfl~ L~v.:in\J'll'U1\il'lltl.:lfn1l.J~ fl~1~1 n'j~'l.J1'U~\il'll11.:l~1~1 

Lll'U1.:l~ (Oval) i1Lf1~\il'll'U1\ilU1'Uf1~1.:lUfl!'l~l.J~~tl\il~1~1 i1LG1'UoLJ1.:l~1~1 1 L'1'U V11~.:lLL~LL~'UU\il 
' 

LVl~tiflfi.:lfltl\ilVl1.:l U1fltl~U~1V~1'U-X1 ij'j~~'Uf1~1.:l'j~'l.J1\J~1~1 (terminal) !'l~\JL~V1'lltl.:lU~1'Vli1 
\) \) 

!'l~\JVl~.:l61tJ.:l~tl'U !'l~\Jvt~.:ii1n1'U!'l~\JLL~.:l 8-11 rl1'U LL~~nn1'U!'l~'Ueltl'U 12 rl1'U !'l~'UVl~.:l~Lll'Un1'U 

fl1rnL~.:ii1~Lvt~ti.:i'llti\Jvl1 i1fl1tJ~tiv (Finlets) tl\il'11f1fl1tJvt~.:i 5 fl1tJ i1fl1tJn'U (Anal fin) ~1lJi1 

rl1'Ufl1'ULL~.:lLL~i1n1'Ufl11.JeJtl'U 12 rl1'U i1~LVl~tJ,:j tl\il'11flfl1i.Jn'Ui1fl11.J~tJV (Finlets) 5 fl1'U fl1'U 

Vl1.:l L lJ'ULL 'U'U Forked ij~ L Vl~ tiWd'U n'U ~1'1.J!'l~\J~'lltJ.:lU'11'VlL tl'Ufl~\Jtifln'U fl1tJVf ti.:i zj,:iijn1'Wfl11.J 
\) \) 
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byj~1'UD1flzj\lvi'11 ~bb(;lfl~1 ·!l'<il1flthn b 'U'1fl'1 Scomber zj\lbflmll'U'1fl'1b~lJ'UeN'IJm'V1 
• • 'U 

'IJ'11'Vl b llt1i.Jm~1J 1 yjn~n·rrn11lJeJ ~nt1b llt1~\l~ii'Ut11~ 1n~\~ti\lnt1 b llt1'1Jm'Vl~ b'1~'11l.111'1 "' ul \.I \.I 

'Vl'Ufl11b i.J~ tJ'Ubb 'IJ'1\l'UeJ\IF111lJ b~lJJ1 hi' b~ nti'eJti bb'1~iim1eJ't'j tJ't'j <l t1'Vl~ b'1 b vi1tTt1) miai'tieJ~~1J1 t t1 

b'U(;l"IJ1tJ~\l'Vl~b'1 (Neritic zone) (Riede, 2004: 1-329) b'Ufl11lJ~flJ1i.J1~mru 15 5'1 200 blJ\;11 

(Al Sakaff and Esseen, 1999: 43-47) bb'1~b'UeJru'VlJli11~'Vl11\I 20-30 eJ\11311b'll'1b~tJ'1 (FAO-FIGIS, 
• 'U 

2005: Web-Site) 'IJ'11"<]ii~'U~bb't'j~fl1~'11tim.JeJ~mlJ"ll1tJ~\l'Vl~b'1b'UbeJb~tJ(;l~1'UeJeJm5ti'l1\;]1 iJ 

'1'U5\l\;leJ'Ub V1-UeJ6VeJ\l'V11i.J eJeJmm b~ ti 1 t1a111 'Vl tJ't'j'IJ bb 't'j~fl1~'11 tieJ ~vi'11 iJ1 t1u~nru~'l'Vl1'~"1l1 ti'Vl~ b'1 
'U 

6lleJ\leh11 'Vlti ~\I bb~~\l'Vl1 ~m1~'1'Uil\l~\l'Vl1'~~11'13!]fa1-U bb'1~ b~eJtJ 1 'IJ'1t15'1~\l'Vl1~a\16ll'11 &11t11 'Vlaj 

yjut t11~~uJ1'Vl~b'1~n 1lJbn'U 30 blJ\;11 yjumn 1 t1u~b1rua111 'Vlti~\l\;1~1t1\;l fl(;leJ'U'U'U 1eJ\lmnbll'U 

u~nrua111 'VltJ(;leJ'U b 'U bb'1~a111 'VltJ~\l\;1~1'UeJeJfl 

~1'1J1~1&i6lleJ\l'IJ'11'Vl 1~b~l.l~n'l31l.11~\I bb~ll yj .131. 2500 mti t\;]zjeJ 1A1\lm111 "\11t1aeJua1t1'1J'11 
'U 

'V1,, b ut11m'lm1bb1n~~1 b 'Llt1n11~n'l31'Vl1\1~1t1'Vl-ryj ti1m'1\;11J16lleJ\l 1 'Vlti Jl11~\11t16lleJ\l 1fl1\lm11 t1 
'U 

.1 d ..,J ., ' .1 ,., ..,J ., .1 
'UeJ\I u'11'Vl \11'U 131 fl'l31 bfl tJ1 fl'Ubb yj'1\lfl\;l eJ'Ubb'1 ~eJ1'Vl11 u '11'Vl bb'1 ~ \I 1'U 131 fl'l31 bfl tJ1 fl'U fl11 bbtl flu W"1l1 fl1 

'U 'U 

'1Jm'Vl 1 t1a111 'Vl ti ~eJl.111 t1tJ yj .131 . 2508 \11t1aeJua1t1'1J'11'Vl 1~ bb D\lbbti nV1tl1 tim1~ n'l31 b~m nu'IJ'11'Vl 
'U 'U 'U 

V1tl1 ti\11'U ~ fl'l31 bbtJ ni.J1~"1!1mi.J"1'Vl b 'U eh11 'Vl ti eJ\I rlfl11lJ~~ 1\1 '1 'UeJ\I n11 
"' "' I 

2.s.1 nTn1.:i1<!i"IJei.:ii.J~1'V11'Uei111 'VI~ 
" 

f1~n1111\lhlii 2 "111\1 ~eJ -d1\11~'Vl11\lb~eJ'UfllJJl1~'U55'1ii'U1fllJ bb'1~~\l'Vl1fllJ5\I gl "' , , 

n'Uti1ti'U ( eJ1-W't16 unii.J1~neJu , 2508: 115-151) bblJ'IJ'111 ~'1flyj~eJlJ~'1~~'1l.l'W't16eJ~imiai'ti1~'Vl-:i1\I , , , , gt , , \i 

m1lJ~fl'11fl~1J1 18 5\1 25 blJ\;11 (eJ1~t16 unii.J1~neJu bb'1~tieJ~~\I b'Vlyj'511'U'Uvl, 2516: 379-
, 111 't ,ut 

406) 'IJ'11'V111\116ll1t1b1mY-l'1U~1bb'1~ (;1 eJt1nm\l~t1 ('1'V1BitJ f1'V1Bli11l.I bb'1~Aru~ , 2555: 176-189) 
'U • ·1 

m1'1111'1'1J~lJ1ru 1 ~bb'1~'1 n'IJ'111'tieieJ'Uyj'U"tffl"lllJ b 'U'U~b 1rut1eJfl~\l~\l'Vl1'~i.J1~'11u~1-Ut16 "1flJ't'j1 bb'1~ "' " , , 
~11'13fffo1i1eJeJfl1'1Ji.J1~mru 10 5'1 401lJ~ u~nru~\lnci11dA1~11'1~bU'Ubb'Vlci\111\11~bb'Vlci\11'Vlaj 
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'1Je:i.:itl'11X]hrei111 vm '11V1-S'uu~nru~'U I b"li'UU~b1ruei111 'Vlmrn'LI1 'LI fi'1111'0J~Ubb~iitl~mru-Um.1 

mm~mtl~tJubVitJunubbV1~.:ilii'.:imh1 (e:i1~'U6 urutl1~ne:iu, 2508: 115-151, 2511: 13-40; ?t~1 , , , "' 
1~'UitJ bb'1~ 1e:i.fl1?t blil'111-rn,;, 2516: 95-132; 1e:i.fl1?t blil'111-rn,; bb'1~?t~1 1~'UitJ, 2516: 11-46; 

€11~'U5 urntJ1~ne:iu, 2516: 203-242) ~1'UU~bdtuel111 'VltJ~.:IV1~1'UeJ€lntT'Ufi1Ji'bfltJiim1'1111'0J~U , , , ,vt 

1~bb'1~~n1tJeJ€l'Un'l~'OJ1tJeJtjvi'11tlb-d'Ub~tJ1tl'U (Matsui, 1963: 59-69) 

'1l'U11ilbb 1m~~'1Je:i.:itlmV11'11 biitJ~?t1m1m1.:i1 ~1Jl iim1~tJ11 b Vl~tJlil 17 .5 b~'U~ b~vi1 
" 

bb~~1'U 1 V1qj'OJ~11.:i1 '111 'U-d1.:im1~tJ11~.:ibb~ 18. 7-20.0 b~'U~ b~vi1 '11V1-rul'11~'0J~e.i~viJ1b~e:ie:ie:in~1 
e.J?f~~'U51Ji'~.:ibb~'1l'U11ilfl11~tl11 16.5 b~'U~b~m (e:i1~'U6 urntl1~ne:iu, 2516: 203-242) 1~~1JJ-ru 

, " "t 'Io~ 

m1e.i?tmb~1'0J~~rnll'Ul'1111iltJ1.Ub1'11 20 fi.:i 21 -B'11~.:i ~e:iru'Vl.fln 27 fi.:i 31°c (e:i1~'U6 , \I , , 

urntJ1~ne:iu bb'1~tJ€l\il~.:I b'Vl~t'i11'U'U'Vi, 2516: 379-406) f\11~1iln'1J€l.:!1~'1l€1.:!tl'11'Vl~iifl11~tJ11 
, •jj " 

19.0-20.8 b~'U~b~m (sS.:ii!u11m~.:i1~'1l'U11ilb~nmnJl1tJtT'U) iitl~~1rue:i~wV111.:i 200,000 fi.:i 
" 

500,000 vle:i.:i bb~'11bll'U1~~iim1~~'U1~e:i1 tl b ll'LI1 ~~'OJ~iim1tl~ e:itJe:ie:inm bb~1 'OJ~iitl~mrue:itj 

1~V111.:i 100,000 fi.:i 166,000 vle:i.:i tl'11XJ~1Vl~.:i I 'OJ~11.:i1~mnn11 1 ri~.:i bb'1~tl1~mru11'0J~ 

tl~e:itJ1~e:ie:in~1ri~.:i'1~ 20,000 fi.:i 30,000 vle:i.:i (e:i1~'U5 urntl1~ne:iu, 2511: 13-40; Dhebtaranon, , , , ,ot 

1971: 1-15) 

2.5.2 e:i1V11'mt=i~m1n'\Jt11'V111 

tlm'VI b ll'UG1vi1~ n'Ubb ~'1.:irivie:i'U~.:i~'ll bb'1 ~G1vi1 b ll'Um'\1111 '1 n1 tJeie:i'U'1Je:i.:itl'11'VI n'U~1 n 
" " " 

Crustaceans L\ilmo~1~~1n Cope pods (~u1 'U~ntlm'1l'U11il 2 fi.:i 4 n'1~b~V11) tl'11Xj'1l'U11il 4.1 

fi.:i 5.5 n'1~b~Vl1 ~u Diatom '11~1n Thalassiosira bU'U~1'U1V1nle:itJl'Un'l~b~1~ ~1'Utl'11'Vl'1J'U1\il 
"jl " " 

1Vlqjn'U~.:i Phytoplankton bb'1~ Zooplankton sS.:ibll'U Diatom ~€ltJ'1~ 69.85 Dinoflagellate 

~e:itJ'1~ 15.5 bb'1~~'U I ~e:itJ'1~ 14.65 (rl1~'U b'Vl~e:i~'U'Vl-r~6, 2508: 152-161) 

2.5.3 n11b~'IJ'Vl1.:I 

e.J'1'0J1nm1V1\il'1e:i.:i~lilbfl~e:i.:iV1~1 tJtl'11'VI Llil tJ 1-U bfl~e:i.:i'VlmtJ bb uu'1nl"11 ~u11tlm'V1'1l'U11il 
" " " 

1 Vlajii m1L~'UV11.:i'OJ1nu~ n ruei111 'VI tJvi e:i'U1 'Ui!u~.:i bb~ b~e:i'U~~l"l~ m tJ'U '1.:i1tlv.:iu~b1ru~111 'VI tJ 

vi~1'Uvin sS.:iG1'U'Ll~,21'Ul1 b U'Un11b~'U'Vl1.:lb~m1.:i1-d (Spawning migration) tl'11Xj'1l'U11ilb~nnm1 
b~'UV11.:i'OJ1mb'Vl~.:i11.:i 1 '111'UU~b1ruei111 'VltJvi~1'Uvi ni!u~.:i bb~tl1~~1rub~e:i'Un~'U1tJ'U ~e:itJ I b~'UV11.:i 

~'U 1 tlv.:iu~nru~111'VltJV1€l'U1 'Ub ~€1'\111€11'\1111 bb'1 ~'OJ1ntT'Un'OJ~'1.:1~1'Vl1.:l~.:IV1~1'Uvina n ( ~1'\11~~ G'f~ h 
' Q.J .l I Q.J 

1-:i~ bb'1~?f~l"lnlil 'OJ'1'1~1"11, 251 la: 58-70, b: 248-281, c: 282-324) tl'11'Vl'Vl1.:i~.:ivi~1'Ue:ie:in'1Je:i.:i , " 
ei111 'VltJ~1'UV1~.:iiim1b~'UV11.:i1m1tJ'UeJ~.fl1tJ1'Uu~b1rutii'.:in~11 bb'1~an~1'UV1~.:iiim1b~'UV11.:i~'Um 

" 
v.:iu~b1ruei111'VltJVleJ'U1 'U 'UeJn'OJ1n-d'v .:iG1''U'Ll~~1'U11tl'11V11 'Llu~ nru~.:id'OJ~ii m1b~'UV11.:i-LJ'1~b'1lm~V111.:i 

"" " 
b'1JVltJ1'Utl11'VltJ n~~'111 bb'1~b1tJlil'U1~ (iitJ '11~~-rtJ bb'1~flru~, 2508: 28-144; Somjaiwong and 
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Chullasoen, 1972: 287-296) 5~11rn·n~'W'V11\l L~mu~tJ"llti\ltla1'Vlb~titl1::aih..1titifll.!1bb~1 tla1'Vl v v 

""' '1 .J ., • I 1 ' ( ""''1 .J ~I ., .J J o ""' ' b~'U'V11\lb~tlbu'1tJ1'U'1~u1~mru 1.13 l.J'1'Vl~b'1 1.855 flbabl.!~1) 'll\lbu'UB~11bu'1tJ~1'1~ (~11'V! • 
'1l.l 1'11'1,; bba ~61l.!131' fl~ ~""~m, 2511 fl : 282-324) ~\lde.i'1'11 fl fl11e.i~~ bfl~ti\l'Vlm ti V\I hlt111fl!J 

'V!~fl~1'W11tlm'V11mh11'Vlti~tifl~U~'Ul.!1J'Wiimflfl11 1 Stock (~1V11oJ '1l.!1'11'1,; bb'1~'1l.!13i'fl~ 
~ v v 

~'1'1~13!1, 2511fl: 58-70, "ll: 248-281, fl : 282-324) 

2.5.4 e>1~LL~::m·m1~qiL~'U 1~ 

'11 fl fl1)Pl fl~1~ ~1'Ul.J1tl 11 fl!J11 hJ '111.11 )tl\1 ~vl1 fl1 )Pl fl~1 tl1~'11fl1 fl) \1'1~1\1~1'U'V!tl \I 

~1'W1~"llti\1~1\lfl1tJL~muV'l1~bfl~~1vi' (eJ''W5tl1~'1J1 ~P111\lm ru eiti5tl1 bb'1~ 1mrntl 'W'm'W~"S, 2508: 
v ' v 

14-27) ~\IJ'U f11)Plf1~1 b~tl1 nu fl1) b'11n I b~'U L~"llti\ltl'11'Vl 1 'UB111 'Vlti ~\lvl1fl11Plfl~1'11floLJtllJ'1 fl1) 
·~ v v 

I II A d al 
bb V'l1m~'11tJ"llt!\l"ll'U1~ bb'1~"llt!l.J'1 fl11~~bfl1t!\l'V!lJ1tJ ( u'S~ flt!'U '1fl'Ulil.J1'U bb'1~flru~, 2511 : 41-57; v • 

Somjaiwong et al., 1971: 1-17; Hongskul, 1974: 293-342) zj\le.J'1fl11Plfl~1tl11fl!]11 fl11 

b '11t1j b~U 1~-u t!\ltl '11'Ji'Ubb 1flii fl1) b '11t1j b~U 1~-tl1fl11tl'11'Ji'U~ 2 fl~ 11 ~tl~1 K (Growth 

coefficient) "llti\ltl'11'Vl~'U~ 1 bb'1d'U~ 2 bvl1n'U 0.297 bb'1~ 0 .345 ml.!~1~'U bb'1~~1 L v . • 

(Maximum length) bvi1nu 19.96 bb'1~ 19.62 b~'U~bl.!~1 ml.!~1~u tl'11"()1'U-el111'Vltiiirn1 

b '11rnb~u1~ b ~1 l.!1 fl tl '11'Vl"ll'U 1 ~ b~ fliiB m1fl11b'11ni b~ u 1~ b ~1fl11tla1'Vl"ll'U 1~1 'Vin i tl'11'Vlti1 ti u~ \I u~ \I o~ \I , 

tl1~l.J1ru 4 b~ti'U (m1l.Jti11tl1~mru 14 b~'W~bl.!~1) nb~l.Jb.LJ'1mtiti"l'U-U1tif111tl1~l.J\lh~tifl~'U1vi' 
v v 

bb~1 bb'1~"1J'U1~"llti\ltl'11'Vl~tifl~UL~tirn1tlWlJ\lzj\liJ"ll'U1~fl11l.JtJ11 16.0 fi'I 17.0 b~'U~bl.lm J'U n 
v v 

iimm'Viti\I 6 b~timvi1J'U 'V!~\1'11fltl'11'Vltl1tJ 1 Ubb~1 5m1rn1b'11n1b~'UL~'1~otl1'1\ll.!1fl bb'1~bzjti-J1 , \I , g~ 

tlm'V1'11'W1V1niiimtihJbn'W 2 tJ bba~'11'W1mu~tifl~'U1~tirn1tl1~lJ\IJ'WiimtihJbn'U 1 tJ 
" g~ , " \I , 

m~~ fl'V! ( Otoliths) (fl1V'l~ 2.3) b U'U~'U'11'Wm~~fl~"U11tl1~flt!'Uvl1tle.J~fl"llt!\I bbflmzjtil.J 
v v v 

flTfom'U~ (calcium carbonate crystals) bb'1~'111tl1~flti'U~'U'Vl~tl~iin1b'W~l.!1'11fl 1 tl1~'U V'lU1 'U 

'V!~'U 1 'W "ll ti\ltl '11 m ~ ~ flbb ~\I (T eleostean fish) 'V1 fl'lJ'W ~ zj \IL~ tJ tl 1 fl~ bb~1 e.i ~ fl"ll ti\! bbfl'1 bzj tJlJ v v • 

mi'Um'W~~V'lUb U'U Lfl1\1'1~1\l"llt!\I Otoliths "llti\ltl'11flW~flbb~\1'1~ L U'W1tl'V11\ILL U'U Araoonite v v :i 

.J 
crystals (fl1V'l'Vl 2.4) 

khanitha
Rectangle

khanitha
Rectangle



.fl1'W~ 2.3 m::\ilnV1"!.lt1..:itl~1"11u\i1~1..:i ei 
'IJ 'IJ I 

cl 
'Vll.11: Lombarte et al. (2006: 148) 

.fl1'W~ 2.4 1fl-a..:i~~1..:i"!Jt1..:im::~n'1 (otoliths) ihl'n~ru::LthJ~~nm.J'U aragonite crystals 

~:1.11: Morales-Nin (1987: 256) 
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.J 1 t 1 • I ~ ~ ., .J ~I ' .J t 1 • I .J 
n'a~\ilnvt'Vl'W'U 'U'Vf'll'U 'U'lle:J..:I u"11ffl~\ilflbL'1J..:le:JE.J b 'UerJ E.J'd~'VlL u'Ui.'fl'UV!'U..:l'lle:J..:IV!"ll'U 'U'1Jtl..:lu"11'Vl 

'\J " '\J \J '\J \J 

L~E.Jn11 Otolithic rS..:iii~..:ivtlJ\il 3 ~ ~e:i Utricule, Lagena LLG'l~ Saccule (fl1'W~ 2.5) LtJ'UB1E.J1~~ 
~1 .o1 ., ., , ~ 1 ... .o1 , , ~ .. x .,i.,i.,. .... • ., .,i., .,.., ~1 L u'ULE.le:l'VJlJG'le:JlJ'rn'Um~~f1\jLL~G'l~"ll'U 1 LE.JB~1..:I ~ L V!G'll'UlJ'W'U'Vl'VllJL81lG'lG'l'Vl'Vl1V!'U1'Vl'J'Ufl11lJ~?f flb u'U 

O .:::ii ..f d~1 ..f d1 ~Q QJ V 'CV I d (' .,j 
'11'\J1'\JlJ1 n L 'JE.J f1'W'U'Vl'U11 Macula 'W'U'Vl?f1'\J'UlJfl11lJ?flJ'W'U5f1'U?f1'\J'Vl LL 'U'U'lle:J..:I m~\ilnvt ?11'\J'Vl 

'IJ 'IJ 

L~E.Jn11 Sulcus acusticus) ~1 LL V!tJ..:1'1Je:J..:le:J1 E.J1~~1'\J~f1~11lJT0ii~1LL vttl..:ie:i ~~~1'\JVl1E.J'lle:J..:lf1~ 1 vtG'l n 

~h~~\Jm 
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fl1';jvJ1·nu 1 'LI 2 ';j~'\J'l.J'd:W~'Vlih'i'1fJlJn'Uv111 w:~';i\l61~1\l'1Jv\l'Vli'LI1 'U611l.l1';imb iJ.:i1J11l.lmCJi.n1~ 1~b lJ'U 
\J 

2 '11m-d'Un'U (.nTv~vi 2.6) fiv \1-&'U1'U611'U'\J'U 'lh~nvu~1CJ611'U Utriculus bb'1~vlvvib~CJn11 
semicircular channels v11V1u1vi'11'LI1 V1ajfivfl1';i'Vl';i\l\Pl1 \1-&'U1 'U611'U'11.:i '1.h~flv'U~1CJ Lagena 

bb'1 ~ Sacculus v11V1u1vi1'u b~ tJ\l 1vi CJ:W m~~ fl'l.;1vl1'VltJ1vi1'rnb'1~'1.:i ~v&r tyty1rub~CJ\l hW.:i';i~'IJ'\J 

'1.h~611'Vl 

brain 

semi.circolar 
canals 

~~ 

utticulus 

lagona 

'-..... Inner ear 

.n1cw~ 2.5 ma1.n1fl'tlt1.:i'tle:i.:i'Vli'UL 'Utl'6'11LL'6'1:::~1LL V1ti.:i'tle:i.:im:::fln'Vl;i''U\Ji1.:i si v v v I 

cl 
'Vll.11: Secor et al. ( 1992: 20) 

cl " 
.n1cw'Vl 2.6 'l1£1'6'1:::Lilafl'tlv.:i Lfl'l.:i~~1.:i'tlt1.:i\1i''UL'U'tlt1.:itl'6'11 

~l.11: Lombarte (1990: 20) 
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m:::~fl'V!~~'U1'UtJ'11m:::~mL~-:iij 3 ~ tJ1:::"ii'1B~ml.J Utricule, Laoena LL'1::: Saccule '11'U 
'U 'U 'U '\J '\J :::> 

'1::: 1 ~ ijzjBIP11l.J'11~'U~B Lapillus, Asteriscus LL'1::: Saoitta m:::~fl'V!~'U~l1·1ru1~1w1i l11tJ~1-:i 
\I :::> \I \J g~ \I 

'\1!'11 fl'V!'11EJ~'1~ LL'1:::irm1n'l11m 1 off Pirn~1'Vl1'l:fi11'VlEJ1'1JB'ltJ'11 ~B Saoitta 1 'Ufl11Plfl~1'Vl1'l~1'U 
• " :> 

:fi11'Vl EJ1tJ 1:::l.J'l m:::~ fl'V!'IJ B'ltJ '11 m:::~ mL ~'l L lJ'U~'U'11'U Lrn::: L lJ'U Lfl~B-:ii'.iB~'111'1fl1m n 1 'LI n11v\'1 
'U \I \J gt: 

fl11l.JL oU1h1 'U1tJLL uu:fi11Pl LL'1:::tJ1:::'111fl1'1JB'ltJ'11 L ~B-:l'11flm:::~ fl'V!'lJB-:ltJ'11l1'11'U~L~EJ n11 1'lfl11 
" " " 

L~'UL\Pl (Growth ring/ annuli) l1~n~ru:::1liLLIPlfl~1'l'11fl1-:llJ~~'U1'Lil'i''LI1l1L'1mL~'l Growth ring 

'V!~B annuli d'1:::U'UYifloUBl.J'1'lJB'lB1EJtJ'11 LL'1:::fl1'H~'UL \Pl ~'lLL~Ln~ (Date of hatch) '1'UmEJ 1'U 
" ' 

1'lfl11L~'U 11P1d'11m1m:::'i 1~'1:::LaEJ~~'l1'lfl11L~'U L\J11 'U1B'Ul'U (Daily growth ring) zj'l'1:::L~'U1~i~ 
1'LI-li1'lDLL1fl'lJB-:i:fi11PltJ'11 (1~EJl.JB-:i11'i'n~B'l Microscope) 'UBfl'11fl;iB'lfltJ1:::flB'U'Vl1'lLflij~~'U1 'U 

m:::~fl'V!'lJB-:ltJ'11tl6'1~1'lB-:lflfl11l.JTI 'Vlli 61 l.J1fll.J1EJ L-li'U oUBl.J'1'lJB'lfl11Ln~ oUBl.J'1fl11L~'U L\J1 oUBl.J'1~ 
" \I '\J I " \I \I 

1 m 'Ufl11"iJ1 LL 'U ntJ1:::'111 fl1 ('V!~B6'1~Bfl) oUBl.J'1fl11B~ EJ~ oUBl.J'1 fl11 L tJ~ EJ'ULL tJ'1'l'lJB-:lBt\J'Vl.fli1tl1 
\I \I " \I 

al ii al .,j.,j ii "1 V "'"" 1 I/ I 
m:::~ fl'V!u1:::flB'U~1 EJ6'111 uWflB'U'Vl Lfl EJ1'lJB'l fl'U fl1'l6'111'l'Vl1'l'l111'VlEJ1 LL'1::: fl1'l6'111-:l'Vl1'l LL 151\Pl 

" " ' 
I al 0V ... .J ' ( I .Jc1 

6'11'Uu1:::flB'U'\1!'1fl'lJB'lfl1:::~fl'V!flB LLfl'1L~EJl.Jfl11'UBL'U\Pl CaC03) LL'1:::51\Pl\Pl1'l 61 (Elements) 'Vll.J 
'U \I , I 

11EJ'l1'U1'Ull ~ . Pl. 2542 Bfl 31 '11'1~ (Campana, 1999: 263-297) B-:ifitJ1:::nB'U51~'Vl'1fl 

tJ1:::flB'U~1EJ LLflm6ilEJl.J 5Bfl68L'1'U LL'1::: fl11'UB'U ( zj 'l 11l.Jtl'ULU'U6'111tJ1:::flB'U~L~EJfl11LLfl'1L'ilEJl.J 
' .J ... 0 1 " ~I I I .J ~I .J cl ., ... 

fl11'UBL 'U\J1: CaC03) 51\Pl'Vl L'\11'1 B6'11l.J11'1'11LL 'Ufl ~ L u'U6'1B'lfl'1l.J fl'1l.J'Vl 1 L u'U51\Pl'Vl~'Ul.Jfl11l.JL 'IJl.J'lJ'U " , " , 
Btjl.J1nn11 100 ppm L~EJn11 minor elements 1~LLrl Na Sr K S N Cl LL'1::: P LL'1:::flzjl.J~ 2 LU'U 

d ci I/ I.I IS/ I ci I QJ I I 

51~'Vl~'Ul.Jfl11l.JL'lll.J'll'UB~'UBEJfl1 1 100 ppm L1EJfl11 Trace elements mBm-:lL'IJ'U Mg Si Zn B 
~I II .,j 

L u'U\Pl'U (.fl1~'Vl 2. 7) 

100 

10 

0.1 

O.Q1 

~ ~ s p ~ 6 ~ ~ ~ ~ ~ ~ ~ u 
Na i< 01.!gZnFe M<- M Al U AaAgCd~ 

mV'l~ 2.7 Ft11lJL,jlJ,j'U"lleJ,:j51\J1~1,:j si ~V'l'U1'Un-a~~n'Vl"lJv,:jtJ~n <W-a1lJ c, 0, N, Ra mi~ Th) 
' I \J \J 

.J 
'Vll.11: Campana (1999: 264) 
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'11vtfo'1~?!1'U'1JB.:J'111th~ fle)tJ LL'1~511J19i1.:i 61 1'Um~~nvttJ'11'1'Ui111v.:i1'U1 'Uvt'11 V"tltl ~tJ'11zj,:i 
, I " " 

i1m1l.JLL1J1n9i1.:in'U L"li'U Thorrold et al. (1997: 102-111) 11v.:i1'U111 'U'\J'11 Micropogonias 
::;.::ii .J ' 1.1 /i ~ v ~ d II 

undulatus 'U'Ul.J LLfl'1L'l!Vl.Jfl11tJBL'UmBV'1~ 96.2 ~b~V'U1'Vl'Un) LL'1~l.J511JlB'U 11BV'1~0 .73 LL'1~ 

'111tJ1~ffe:JtJB'U'Vl~~~BV'1~ 3.1 1 'U'llru~~m1~m~1'Vl1.:ivl'1'U Spectrum elemental assays i1vt'11V 

11v.:i1'Un~1111m1l.IL-V'l.l-LJ''U'1JB.:J Trace LL'1~ Minor elements ~vm1'Um~~nvttJ'11J'U i1hhii'U 
\I \I 

~BV'1~ 1 (Edmonds et al., 1992: 39-51; Sie and Thresher, 1992: 357-379; Proctor et al., 

1995: 511-526; Severin et al., 1995: 269-283) LL'1~i1'111tJ1~neit11 tJ1&i'Uei~tJ1~mru~BV'1~ 

3-4 (-d1.:i~1'1~-'1.:J'1~fiei~BV'1~ 1-8) (Deoens et al., 1969: 105-113; Asano and Mugiya, 
, 'U , .) 

1993: 201-205; Hoff and Fuiman, 1993: 209-219) 
_,. d t'ol 1 o l I _,. .,j 

n11Ln~~J'1nLL'1~B.:ifl uWnBtJ'lJB.:i51\J1 'Un1~~n'Vlu'11LL\J1n\J11.:J"il1nm~tJ1'Un11Ln~'lJB.:Jm~~n'Vl 
" \I \I \I 

"' .1 ., d .f .. ., ., 1 '1""' ., '1 ., .f .J.J .. LL 'lJ.:J'lJB.:J u~n11.:J L'UB.:J"il1 n'Vme.J1'1l.Je.J'1'1JB.:Jm~~n'VI lJ ~'1l.Je.J'1 b~V\J11.:Jntl'Vm'Vl'Vll.Jn1~ll1'Un11'1~'1l.J 
\I \I 

'1JB.:J'111m{um'U1J1 (Region of calcification) 'UBn"il1n-d'cY.:ii1m~tJ1'Un11~'1~n11Lfl~ 
calcification 1'LI Endolymph ('1JB.:JL'Vl'111'U-dei.:ivt~~Bl.J1Bllm~~nvtei~) v11v (Campana, 1999: 

\J \I \I \I 

263-297; Payan et al., 1997: 1905-1912) ~.:iJ'U~.:i~ei1v111 m~tJ1'Un11 Calcification ~.:JLU'U 
...:.J 1!')' _,. <V .,j !')I .,j., '( 
'1.:J'VlLLvneiein ~ b~Vei'11~nt1'1JB.:JL'Vl'11'VlBV b'U"11B.:J'Vl'Vl'1Bl.J1Bllm~~nvteiv Campana, 1999: 263-

" \I \I \I \J 

297) "il1nm1~m~1t1'Vlfl11l.JB~1.:J'V1'11nvt'11V'1JB.:J Campana (1999: 263-297) 1vl'n~1111 

m~tJ1'U m1 Biomineralization ~°r"lll 1'Wm~~n'Vlm"iltinmtJfll.J1~v'111tJwneit11 tJ1&i'U~L~vn11 
\I \I \I , 

LBL'Vl~'U (Otolin) zj,:i~n~,:izjei1~v Degens et al. (1969: 105-113) LL'1~B\J111n11Lii~e..i~n 11l.J~.:i 
"11tl~'1Jei.:ie..i~n~LU'ULLtJtJ Aragonite crystals '1JB.:J'111tJ1~neit1LLfl'1LzjVl.Jfl1{um 'U\J1 (CaC03) B1"iltin 

\I 

mtJfll.J 1~v'111i.h~neit11 tJ1&i'U~°r"ltJ L U'U~1'Uth~neiu 1 'Um~~n'VI ri1vt-rt1n'11n Biomineralization 
' \I \I 

~ .,j I .,j !') :: II 1• I 1 11/I' I .f .,j I 4 'U'U n11'Vl51\J1m.:J 61 'Vl'1~'11VBVb'U'U1"il~'11l.J11tlL'1J1 u'1~'1l.J 'Um~~n'VI ~\J1B.:Je.J1'U°r"l'U'Vl 3 '11'U f\B 
, I " \I " 

1) J1-LV1~Bn/~11'1 2) L~B~-Endolymph LL'1~ 3) Endolymph-Crystal LL'1~.:i1vl'~.:i.fl1°r"I~ 2.8 L~V 
LL vt~.:J'lJB.:JLL ~51\J1vt~n 1 'Wm~~nvtLn~"il1 n m1fo LL ~511J1"il1nJ1 L U'Uvt~ n -ru"il1nmvt11i1 LY1v.:i~1'U-U'eiv 

.. \I \I , 

(Campana, 1999: 263-297; Olsson et al., 1998: 321-350; Hoff and Fuiman, 1995: 578-

591; Simkiss, 1974: 1-12; Farrell and Campana, 1996: 103-109) 



BafCa---+---- ? --+--1---? 

ll1'V'l~ 2.8 L6"'1J'Vl1.:im"iL'li1~::m.i1'1Jm::~n~"llei.:i~1mh.:ir;1~\Ji1.:i 91 ~~::~1v1'1.1J1 
..i 
'Vl).11: Campana ( 1999: 267) 
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~-m~ 113 U~LL~1 tl''U~\ILL~tl'n1'VlEJ1P1161~{zja Reibisch (Reibisch, J.) 1~~'U"r'l'U1\lf111L~'Ub~ 

(Annuli) 1-uu "r'l.131. 2442 (Campana, 1999: 263-297) LL'1~'Uam:nn-d b'UU "r'l.131. 2514 

tl'n1'Vlml311a~{zja Pannella fi''l 1~~'U"r'l'U~ n~ru~~ LLM1\ln\I mwil~n IL~'U 1~ b 'U"Sa'U1'U1 'Um~Vlnvr 
·~ ,, ,, 

'1J€l\IU'11~1EJ (Campana, 1999: 263-297; Jones, 1992: 1-11) 61\lt:.1'1 b ~m11-tl'tJ1~ bEJ"lltl'1Ja\I 

m~~m~tJ'111 'Um1~n~1~11'VlEJ1'1J€l\IU'11iiri11~'11\0l~av1\lmn (Campana, 1999: 263-297) 

cl 'l"tJ ') ~., .. t'l ~I ..,j ~.., • "~" 
611L'V!\Jl'Vlf11~~n~ b"ll 1~ bEJ"ll'U bVIVl'Vl\I b'Uf111L u'Ubf11€l\1Lfl'U1f1~1b1'11 (Timekeeper) LL'1~~Lfl'U'1J€ll;j'1 

'1fl1"r'lLb1Vl~€l~~1\I 11'U'li1\1~1~'1l€l\IU'11 (Environmental recorder) L~€l\l"'il1f1L'V!\Jlt:.1'161€l\IU1~f111 

fia 1) m~V1nvriim1~L61~EJ161\I L~€l\l"'il1n1~'1'1iL'lf'1~ LL'1~1~'1'1la\lflU1~f1€l'U'1J€l\IL6lf'1~ ~\l,j'U~\ILU'U ,, ,, ,, 
~'U 611'U~1lJiim1 VI VI i'U n ~'U 61~1 \Im EJ vr 1at!11tJ1-titJ1~1EJ "l!tl ~ 'U 1VI ~a 1 tJ 1lJii m 1a'11EJl'i'1 ,, ,, 
m~'U1'Un11 L~ m'U a~ 6/i~ij ~'Vl5"r'l'1 ~a am'U~'ll €1\1 m~ VI nvr-U a EJ~1 n (Metabolically inert) ,, ,, 
(Campana and Neilson, 1985: 1014-1032) 2) m1a~a~'1J€l\lli1\Jl'11'U-U'aEJ (Trace element) 

LL'1~ Stable isotope b 'Uf11~Vlfl'V!'1J€l\IU'11b 'U'li1\11~'Vl11\lf111L~'U 1~'1J€l\ILL~'1~'1i1\1'1J€l\1~1~tJ'11 ,, ,, 
61~Vl€l'Ub ~ L ~'Ufl1"r'l'1J €1\IU "ii)~ EJ'Vl1\I n 1EJfl1"r'l LL'1 ~'Vl1\I Lflii'1J€l\I ~\I LL 1 VI~€!~~ av~ €l~1€l'U 1'11tJ'11 b 'U ,, 

., 
'li1\lb1'11tl''U 1 (Fowler et al. , 1995a: 1421-1430, b: 1431-1441; Gillanders and Kingsford, 

1996: 13-20) n\I LLlJ11"'il~iiU"'il~ EJ~1'U61~11'VlEJ1'1J€l\IU'11 L .V1mm'Uri~m~'U1'Un11-d~1EJ n~1~ 
' 

(Kalish, 1989: 151-178; Farrell and Campana, 1996: 103-109) av1\lhn~1~61€l\IL'V!~t:.1'1-d°v11 

1~m~V1nvrtJ'11t11~1zj\lm1~n~11~EJ1'UtJ1~L~'U~1\I 61 av1\ln1'1\1'1J11\I 1'11av1\IL'li'U 1'Uu ,, ,, I 
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l'l .131 . 2547 iim1th~"ql.lb~t11nLJm1Pim~nm~~n~1utJ~n (The third international symposium 

on fish otolith research and application) l'l'lJ11iim1Pim~nm~~n~'lJe:i.:itJm1ul311'1~~bb'lJ't.!.:J 

~1.:i 1 e:i~1.:ibbl'l~Vlmt1 e:i1Vi m1Pim~11i11u1m.:i'1~1.:i bb'1~n'11nm1v11.:i1u m1Pim~nli11um~bb'1~ 

m1b~'lJ1~ n11Pim~1fi.:i'1mu~1'Ll'l1h.:i1'1ie:i1Vl11 (Tropics) lu b'lJ~J1~ n m1Pim~1'Vl1.:ili11u 
e:i.:ifi'tJwne:irnriii m1Pin~1'Vl1.:ili11u'1~~ m1Pin~11i11um1tJ1~bil'\.J'1.n11~'Vl-rl'lmm m1Pin~11i11'1.J 

m1mLJril.lriru.n1l'l bb'1~bviri1'Ll1'1~ (ml'l~ 2.9) 
' ' 

ao 

!!! 60 
.2 

I 
~ 40 
0 

~ 
~ 20 

0 

I 
-ii! 

"" I!! 
ff s 

CIJ 

f .b 
g ff 

"" "" 

" ; 
f 

0 

$ 
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J 
Symposium theme 

.d ... .,,d,d., "I ... ' .do "I 'd 
111-w'VI 2.9 .:i1'1J1~a'VILna1n-um::~m11L'IJfl1"1111'tl1m.:i 81 'Vl'IJ1Lfl'1Jil ~'IJ.:11'1.J the thir 

" " 
international symposium on fish otolith research and application 
.d 
'Vll.11: Begg et al. (2004: 4 78) 

1utJ l'l.131 . 2548 i'.iLJvi1~11ru (Review) uviwd.:ib~t11num11-tltJ1::1t1'1JtJ'lJei.:im::~n'Vl'IJ'11 
'U 'U 

)1tJ.:J1't.!l11 'Ll"li1.:i~~~lJ~'lJVll ~11tU~'t.!i'.i'lJVlf111l.Jl~tl bb'1 ::1'1J1n11~ b~ tl1eLJe:J,:j n'lJ m:: ~ n'Vl'IJ'11l.J1 nfi.:i 
'U 'U 

200 LJvim1l.ll'ie:itJ bb'1::~1nm1"51bb't.!nLJviri11l.l"51u1u 862 'lJVlf111l.l~.:ibb~lJ l'l .131 . 2542 fi.:itJ l'l.131. 

254 7 iitJ1::b~'Llvh -tlm::~n'Vl'lJe:i.:i'IJ'11bllmri~e:i.:i~e:i 1um1m1~'1e:i'lJ1 u15m11~ti (Methods) 1 u 
'U 'U 

3 tJ1::b~'t.!Vl~n fie:i 1) 1ri1.:i'1~1.:J'lJ't.!1~b~n'lJe:i.:im~~n'Vl (Otolith microstructure) (~e:itiG'I:: 24) 
'U 'U 

2) n11b~'lJ1~Lb'1::m~1u1e:i'lJlJ (Annual age and growth) (~e:Jti'1:: 23) LLG'I:: 3) m11~L'Vl~e.J'1 

L~t11num1Pin~1li1Tum1r\'1'1.J1rumt1 Lb'1::m1L'IJ~t1rnVit1LJ15m1m1r\'1u1rumt1 (Aoe validation 
' , ::i 

and ageing method comparisons) (~e:itiG'I:: 10) ue:in~1nt1'EY.:iiitJ1::L~'t.!1e:J.:JBn'Vl'11tJ'IJ1::L~'\.J L"li'\.J 

n11Plfflj1b~mn'Ul'l'11~'\.Jw'1J1m (Population dynamics) (~e:itiG'I:: 6) n11'lltJ1tJ'lJ't.!1~'Ue:i.:im::~n 
'U 

~ (Otolith allometry) (~e:itiG'I:: 4) Lll'\.J~'\.J (Campana, 2005a: 485-495) ~1neLJe:Jl;j'1~.:in~11~e:i1~ 
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6'11Vl-r'Um1"ilG'leJ'U Vl~eJ'Vl1oLJmV1"il"il~..:J i1Vl'11mJ1~b~'U b'li'U fl11'11bb'UnG'l~eJl°l (Stock identification) 

tJ1~1~fl11eJ'Wl:.J'W (Migration history) fl11fl1'U1tub~l:.J1tl'UeJ1~ (Age determination) fl11G'l~1..:J 

e:i..:il'im1l.l~b~l:.J1tl'U'\J1~1'~~..:Jbb1~~e:Jl.J (Reconstruction of environmental history) l.!'1f111~ 

(Pollution) ~..:i'ti..:i~'Vl1..:JG'l~11'Vl l:.J1 (Physiological indicators) bb'1~fl11vl1 bl°l~eJ..:J'Vll.11 l:.J'Vl1..:J bl"li1 

(Chemical marking) (Campana, 1999: 263-297) 

L'Um1PimnVJ1..:i~1'Ui'Vl1:.J1mG'l~{m1'\Jwl.!..:i f\'111 "G'l~eJl°l (Unit stock)" blJ'Uf\'1~'11~qJ~bn~ 

"il 1 n Lb 'U1 ~~m ob'~e:i ~..:i mil.I'll e:i..:itJ"' 1~i1~m~ru~'11b'W1~'ll e:i..:i n ci l.!~ L Vliie:i'U n'U L 'U tJ1~ b~'U'll e:i..:i ~'LI ti 1 b -U ~ 
' ' 

(Origin) nzjl.!'1.J1~-u1m (Demographics) bb'1~ 1°111l.JblJ'U1tJL'U:S1~ (Fate) (Waldman, 2005: 7-16) 

L 'Um 1?1n~1VJ1..:i~1'U m 1'\J 1 ~ Lil'U ?f f111~'Vl-r'Wi:.J1mtJ"'1 zj ..:i b lJ'U f'f 1?f~1~ ~ e:i..:i m 1.LJ Bl.I"'~" n ~ e:i ..:i 
'\J '\J 

b~l:.J1tl'U~1'W111fa~e:i1'lle:i..:i'l.Jmbb~'1~G'l~e:il°li!'U m1'11bb'UnG'l~eJl°l (Stock identification) ~..:iblJ'Ub~e:i..:i 

~~1~'lJ L 'UB'U~'U~'U I Lb'1~~e:i..:i~1b 'W'LI fl11b lJ'Ua'U~'ULb 1n 6'11V1-r'Um1~11"ilG'leJ'U~1'W111fa~e:i{~1..:i I 

bb'1~n1111..:Jl.J1~1fl11'U~Vl11~~fl11G'l~eJl°l'l.J'11Lb~'1~G'l~eJl°l 

m1'11LL 'UnG'l~eJl°l blJ'UnW'U1'U m1 bLl:.JnLLl:.J~ ncil.!'l.Jm (Individuals) ~G'l1l.!11mL U..:JLL1:.Jne:ie:in"il1n 
' 

n'LI11'il'Liil~'lleJ..:Jb1'11 (Time) Lb'1~~'U~ (Space) 1~1:.JeJ1~1:.J~n~ru~~~e:i~..:im1l.!Ln~:U~n'U'lleJ..:J'\J'11LL~ 
cv v~ w al .Jo 11.1 Cilcv w .J t d1"~I 

'1~m (Congeners) ~..:J'U'U?f~eJl°lu'11'Vl"il1LL'Un ~"il~l.!'1n~ru~LQ'W1~'1JeJ..:JG'l~eJl°l'VlLb'U'UeJ'U '1!..:J 'llLu'U 

11 n~1'1J6'11Vl-r'U fl11'U~V111~~m1?1~e:il°l'\J'11d1~ ~ n~ru~'11L 'W1~'1J eJ..:J?f~eJl°l~..:inci11 1~LLn 1) '\J'11 
"' 

L '\J?f~eJl°l b~1:.J1n'\J"il~i1~n~ru~VJ1..:i:S1tJ1~1~~Lu'W1~'1Je:i..:iG'l~e:il°l L 'li'IJ i1Lmci..:i11..:i1 ~L~1:.J1n'IJ ~blJ'IJ~ 

LU'W1~'llm?f~e:il°l 2) '\J'11 L '\J?f~e:il°lL~1:.J1n'IJ"il~'\J1~?f'UG'lf111~~i1~'Vl6'W'1~e:im1e:i~1e:i~miie:i'IJ I n'IJ 

L"li'IJ Le..i:Urnnrnrci11'1.JLL'U'UL~1:.J1n'\J (erci1'll'W~L~1:.J1n'\J tJ~mruLvi1 ., n'\J) 3) '\J'11L'\JG'l~e:i1"1L~1:.J1n'IJ"il~i1 
·~ "' "' "' I 

m1tJ-r'U (1)1~ 1'\J ~ n~ru~'Vl 1..:161ru~1'1J1VJi:.J1 LL'1 ~~ n~ru~'Vl 1..:iYr'\J '5n11l.! L tJ '\J LL 'U'U Lu'W1~'ll e:i..:i G'I~ e:il°l beJ..:J 
"' ' 

L ~e:i 1 ~e:i~1e:i~ L '\JG'lm'\Jm1ru'lJe:i..:iG'lf11'Wbb 1~~ e:il.J~G'l~€l1°1~11..:i:s1~e:i~ Lb"'~ 4) tJ'11 L '\J?f~e:il°lL~mn'IJ"iJ~ 
'\J '\J 

i1m1l.! L Vliie:i'IJ n'IJ L '\J b~e:i..:i'lJ €1..:Jm 1l.!'ll n'lll.! bb'1~~ n~ru~ bu'W1~VJ1..:i:S1'\J1~1~ ~~ eJ'U G'l'\J e:i..:i~ e:i~VJ5'W'1 ~ e:i 
' ' 

m1e:i ~1e:i~~hl1~ bfl~'\11 n'B11l.!'ll1~ b 'li'IJ m1v11 m1'\J1~l.J..:i bb'1~l.!'1f111~ L 'UbL Vlci..:i~e:i ~m~ i:.J 

m1'11LL'\Jn?f~e:il°l'\J'11L'\JU"il"ilD'\J i1Vlmi:.J15m1 Lb'1~VlmmL'\J1~~ ~..:iL"li'IJ 15m1mm~1'\J 
' "' 

1~Lbrlfl11'11bL'\JnG'l~eJl"l 1~i:.J1-b'~n~ru~VJ1..:i'1ru~1'1Ji'Vl1:.J1 (Meristics and morphometrics) fl11~~ 

Ll°l ~eJ..:J'Vll.J 11:.J (Traditional tags) LL'1~m11 i'll'W~'ll €1..:J'\J 1 ~ ~ b lJ'IJ Ll°l ~e:i..:iii €l L '\J m1'11 bL '\J nG'I ~e:i l°l 

(Parasites as natural tags) Lb'1~15m11Vl~ I b'li'Ufl11Lie:i..:il'itJwn€l'ULl°lffi'IJm~~ff~LlJ'Ubl°l~e:i..:iiie:i 
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1'1Jfl11'11LL'IJfl61\)\'aFJ (Otolith chemistry) 

(Molecular genetics) LLmm111iLFJ~e:i.:ivt~.rn.JBL~flV11eJ{jfl~ (Electronic tags) zj.:i16m1~1.:i 1 
1 ~II !'! d .dildo v dvQ. < al A di 1!:'1" 

L vtG'l 1 'IJ "11'IJLumfl1a .:i l.l a VJ 611fl'IJVl'IJmVJv1P11'1mfl11u1~ l.l-:1'11l.l11'1'W'111ru1 LG'l a fl "11 b~ m l.l 

'1m'IJ m1ru1 'IJ fl11~1 L {j'IJf111'11 LL 'IJ fl'1\)\' elflUG'll L ~a 1iLlJ'IJ~1'1J1 'IJ fl11Pl m~n 1 'IJU1~ L~'IJ~'IJ 1 ~a 1 tJ 

L-li'IJ fl11PlflW1~1'1J'V'lffJl'1U1~"111m V!~elfl11U1~LiJ'IJ61Jl11~Vl~'V'IEJ1mtJm 

1 'IJfl'1l.ltJG'l1~iJ1n-oJ m'811'11'IJ'1Jl1'V'ILL1 ~~ e:Jl.l~1.:i 6') tl'IJ a.:iri'tJ1~ fle:J'U LfliTl 'IJm~~ flvt611m1ri 1 i , d-1 I \J \J 

L llmfl~el.:IV!l.J1 V511l.J"l11~1 '1Jfl11'11 LL 'IJ flUG'l1~eJ ~L 'IJ'1Jl 1'V'ILL1~~ell.J~1.:I 1 tl'IJ'7'1J aam lJ'IJfl~l.J 11~ 
61a.:iu '1-.J vvi~ fl~'1i1'U'1'1J'IJvt~ fl m 1-d Ln~'11 fl~ flWru~ LQ'V'l1 ~'ll a.:i m~ ~ flvttJG'l1 Av 1) m~ ~ flvt L5a v"111 

, \J \J \J \J 

~a m~'U1'1J fl11 Ll.lm'Ua~zjl.l (Metabolism) fl~ 11 Ae:J'111 LfliTl 'IJ flW~flvt hlrifl~~~hm~'U L i1~ m~ LL'1 
" " " " " 

L~a~ vi~a~m'll"1'1t11fl~'Ul.l11i5fl vi~ahJiJtJ5n~v1n'U'1111~5fl 2) tJ~mru/"11{j~ 'llm'111LfllJ~Li1 

l.l1'1~'1l.le:JVL '1Jm~~flvt 1 '1Jwvt11.:i~m~~flvt~e:iv 6') L ~l.l'll'IJ1~1'11l.lfl11L~'U L1'1'1Jv.:!6"1'11J1'1~'1~Vf a'IJ1 ~ 
" " " " " I 

L i1'1J5.:i~ flWtu~Vl1.:lfl1VJl1'V'I LLG'l~LfllJ'lJel-:1~.:I LL1 ~~ell.J~UG'l1eJ1PlE.JeJ ~ ru L 1"11'7'1.J 1 '11fl'1el.:IU'1-.Jv 

~.:lfl~11 mri'tJ1~fleJ'ULfllJ~'V'l'U 1'1JflW~flvttJm~.:1'11l.l11rl1 etlL llmfl~e:i.:ivtm VV11.:!'811VJV1 (Biolooical 
" " ::i 

tag) ffi etlL lJ'IJLfl~v.:!i'.iv'11LL 'IJflfl~l.J'lJel.:!UG'l1ffi i'iJ1\111 'IJ'1Jl1'V'I LL 1~~ell.J~~1.:ltl'IJ 1~ (LL~L YlV.:!'U1.:!-li1.:! 

'llv.:!'81191) ~.:ILL'1~.:i1'1Jil1'V'I~ 2.10 zj.:1~1L{j'IJf111PlflW11'1JtJG'l1 shad (Alosa sapidissima) fav 

Thorrold et al. (1998: 1826-1835) 
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d flll 1111 4tl ""( 0 10.Q 
111~\11 2.10 ~~n1'h"l1F11111b'tl11'tl1J'tleJ.:iei.:iFI ,-:meirnF111 Ba, Sr, Mn) ~1bb1Jmbvm.:imb1J~'tlei.:i 

... 
tl~1 shad (Alosa sapidissima) lmbiJtl1~111~1vlm1'Vl~!eJb11'im 
..i 
\11111: Thorrold et al. (1998, 1833); Campana (2005b: 228) 

fl1'j 1-ff eJ\lrltJ'j~ fltl'U'Vl1\I Lflffi 'U fl'j~~ flVf '1° 1 LL 'U fl fl~ l.JtJm LL ~~V!"11E.Jl.J1fl~\l 1'WtJmJ1~ ~ LL"1~ 1 m.Jm ,, ,, , 

'Vl~L"11'WtJm'Vl~L"1 V!"11EJ\11'Wi..ij'EJ1~~hL'Ll'Ufl111'WtJm'1J'Ll~~1\I 1 (~1eJ~1\IL-d'U Edmonds et al., 1992: 

39-51: Gunn et al., 1992: 1-36; Sie and Thresher, 1992: 357-379; Campana et al., 1994: 

1942-1950; Milton et al., 1997: 283-291; Volk et al., 2000: 251-266; Gillanders, 2002: 215-223; 

Secor et al., 2001: 245-253) 

m11-ff ei'lritJ1~ fl eitJ Lflii L U'Ubfl~eJ\lvtm EJ 511l.J'1J1 ~ '11vi-rtJ m1'1'1 LL 'U fl '1 ~ eifltJm ii.LJ'ei'1l.Jl.J~ ~1'\J , "" 

'11..1~1'Ul'VlEJ1 (Wood et al., 1989: 2108-2120; Wirgin et al. , 1997: 2814-2826; Campana, 
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2005b: 227-245) m..J11~~1'Ulii''lfl'11Tei6u1v1~m11~11ii'ufie:i 1) tl"1bb~"~"'~e:ifli1irfl~ru~-o51bY11~ , .... 

bb"~l))1u\l;ff~b'V!ijB'U 1 tl'U (There are characteristic and reproducible markers for each 

group) 2) tl"1'VJflflzj11 ~i1e:i~1'U?l~Bfle.J?l11'0J~~fl-o51bb'Ufl1~ (All possible groups contributing to 

the group mixture have been characterized) bb"~ 3) 1))1u\l;ffvh-tl-o51bb'Ufl?l~Bfl ~\lfl\lfl1111 
b?l~v1i1\lbb~?l~Bfl'OJ~bbVflBBfl'OJ1fltl'U 'V!~B ~\le.J?flltl'UB~ (The marker remains stable over the 

\I 

interval between characterization and mixing) 

fl'1111~w?11tl ti1l'ltl~111ru1Je:iv~-.J'1bY11~ bb"~ 1e:i 16111 VJtl 1~11111111))1ti''U 1'Wm~~fl'Vf1 'UVJm1m~ 
, , '\J 'll , 

i;r fl~tu~Vl1\I bfli1'1JB\ltl1~tlmml31 v e:i~1 'U'1i1\I b1" 1B1 vi!'U 61 bb" ~ b~Btl"1 b tl~ V'U~B ~ e:i1131v1 'VllJ 
\J , I '\J 

i;r fl~tu~'LJB\IB\I f1tJ1~ fl B'UVl1\I bfli11 'Um~~ fl'V!n"il~ b tl~ V'U bb tl"-:i 1 tJ m11ir fl~ru~B\IAtl1~flB'UVl1\I bfli1 
\I \I 

'1J B \I tJ 11 'U bb 'V! '1 \I B 1\31V1 'Vl lJ ,! 'U fl 1111 bb l'1 fl~ 1\I'lJB\ItJ~111tu511'1 b 'V! '11db~Vfll1 "1VYi11~511'1 ' , 
("Elemental fingerprint") b lJ'Ubfl~B\lijB\J111151'jlJ"1J1~m m 'U fl11WLJl))11'1'U'1JB\I flzj11tJ"11~ ~B 1~ 

11 b tl'Ubfl~B\l'V!111V51111"111~~ b?l~m b ll'U1tl bb 'U'U b~V1tl'U1 'Utlm?!~Bflb~ V1tl'U bb"~nm111bbl'l fl~1\I 
\I 

tl'U1~'V!l1\ltJ" 1 bb~"~?l~Bfl bb"~ ~\I b lJ'Ubfl~B\l'V!111V~ij fl11 b tJ~ V'Ubb tJ"-:i 1 tJ \J1111?ffl1V'I bb 1~~B11~U"1 

m\3lve:i~ bbl'11 'U1~v~nm~'U 61 mv'Yi11~u1l'ldi1m111b?1~me:i~1-:i111fl ~-:ie..i" 1 ~l!m ll'Ubfl~B\lije:i~m 'LI 
" I ' 

?111111'11 m 'Ufl11-.J'1 bb 'Uflbb V!'1\l~fll))'1'1JB\ltl"1 (~~ fllll11 'U?f i11V'lbb1~~B11~ bbl'l fl~1\ltl'U) 1~ fl11~w.J'U1 

Vl1\I bVlfl 1'LI1" ~ m1Pifl~1m~~fl'V!tlm1 'LI'1i1-:i n"1~~1'U1111~~-:ie..i" 1 ~fl11Pi fl~1bb"~m11-tltJ1~1v"tltl 
\I \I 

2.8 m'a'An~1cw~1'~tl,-:::"!l1n'a'tl~1~1'Yl~Ufl1'a'~~n1'a'tl'a':::l.J-!I 

fl11Pi fl~1V'lff) l'ltl 1~"111m~1'11tl1 b ll'U fl11Pi fl~1 fl11 b tJ ~ V'U bL tl"\l'LJB\ltl 1~"111m~1'11tl1"1J-U~~ 
?111111'1'111111-tl'lh~ 1v"ll'LI1~ (tl~"1J1 ?11111ru, 2520'll : 1-107) m1tl1~111ru~1Y1111fa1'1e:i{'lle:i.:i~l'11tl1 

~-.J'1 L lJ 'U '11V! ~'U fl 11Pifl~1V'1"11'1tJ1~"111fl1~ 1'1ltJ1 1 'UL dB \I c}l 'U 1~ LLrl ~ 1V'l111il Ll'l e:i{fl11L~'U11'1 
~1V'l111ilLl'lB{m1m v (~\lfl11\J11V1111 fl11\J11V 1~V51111"111~ LL"~fl11\J11V 1~Vfl11vl1fl11U1~l.J\I) 
LlJ'U~1V'1111fal'lB{L de:i-:ic;f 'U~'11~t1J'11V!fo 1 m 'Ufl11tlWLil'U?lfl11~Vl~V'I V1m~l'lltl1"1J<Q~,!'U 1 ~B 1 tJ 

zj\111V"~LBV~'lJB\ILL~"~~1V'l111fal'lB{ BB'U1V11V"~LBV~ 1~1'11l.J~11ii''U lii'\ld 
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2.8.1 e:i1~ bb~::nTn~u 1~ 

oLJ'e:ilj~en ~ bb~ ~ rn1b"il~qi b&iu 1~'1le:i\ltJm Vl~e:i rn1tJ1~1!1ru~1'1J'U1vil'i'1~11Jen ~'1Je:i\ltJ~1 

hhVlt1\l"il~ih•n11J~11°1qinurn1Pirn~1'Vl1\1~1'U:a11vw1 (Biology of fish) Vl~e:i:a1tJ1~~'1Je:J\ltJ~1 

(Life history of fish) bvi1'1'U bb~iJ'\lblJ'UoLJBlj~~'U3j1'U~~11°1qie:i~1\l~\l~e:irn1tJ1~biJ'U'1.n11~ 

'Vl-r~ t11n1 b ~ m "il 1nn11tJ 1~ biJ'U '1.n11 ~'Vl-r~ t11n161~1J1VJ n16'11 b ll'U ~e:i\11 ioLJ'e:ilj~B\I flu 1~ne:iu en~ 
bb~~t11~11 tJ?ioLJ'e:i1J~'1lmb1mbnvi e1'~11rn1b&i'U 1~ mmb 1m~1lb"il~rn'W''U~bb~~11\l 1 ~ e1'm1rn1'VlV1bb'Vl'U 

\I \I .. Vt '\ 

~ Vl~e:ienti ('1l'U1V!) ~b .LJ1m 1 'U~1tirn1tJ1~1J\I b ll'U~'U zj\loLJe:J1J~b'Vl~1d"il~bll'UtJ1~ 1t1'1ltle:i~1\lmn~e:i 
' 'U 

rn1~vi m1'Vl-r~ t11n1tJ~1e:i ~1\l:WtJ w~'Vl6.n1~ rn1Pi mn rn1b&iu1~'11m1'1nwvh1~Vl~1 n'Vl~1 ti 

15rn1 enVib'li'Urn1Pimnrn1b~1J'1J'U1V!'111'111viti1-tl15&ivi Vl~e:Jvl1bl°l~e:J\l'Vlmmb~~~'\J~'U (Mark and 

recapture method) rn1Pim~11\11'U?i1'Ubb~\11'U~1\lfl1ti (b'1i'Unw~mb~\l?i1'U~1\I 1 Vl~e:i1'Um~~n 

V!) rn1&ivi~11Jfl11bb ~~m~"il1t1'1Je:J\1'1J'U1vi'1~1J1 ( ~1'UoLJe:J1J~m11Jt111) b ll'U~'U 
'U .... 'U 

m 1 Pin 'r111'11'Un1~vi n'Vl'LJ e:i \IU~ 1 b ll'U15Vl~\lzj \I '111! 11'11 iPi n"rJ1 e:i1titJ~1e:i ~1\1 
' 'U ' 

~1'11tJ~1\lm1~ 1\11 'Um~vin'VltJmbnvi~'U'VlffJ'U ~\1'1'U~\I b~t1m'ld111\ll''U m~u1'Urn1'111\11\ll''U 
'U 'U ' 

ol 1 ii "" .J ' 1 ol 4 (Daily increment) '1Je:J\lu~1 'Ub'1J~1e:J'UbnVl"iJ1nfl11'1~'11J'1Je:J\lbbl°l~b61!ti1J 1°111'\Je:Jb'U~ 'U~u'LJe:J\l~·mn 

bb uu aragonite bb~~'111~'U'Vl~ti1 'U1e:J'\J 24 -&'1 b1J\lbnV!b ll'Ubb'1'\J'1rJ1\I bb~~bb'1uiivi dfo1Je:i\1~1'Un~e:i\I 

"il~'Vl1w1tl 1vi ti .ff 'U~:W m 1'1~'11J'1J e:i \I bbl°l~ bzj ti1J m{u m 'U ~ "il ~ bb'1 Vl\I bb'1'\J '1rJ 1\1'1J'U 1vi n--J 1\1 b~ t1 n11 
' 

Accretion zone Vl~e:J Incrementa l zone ?i1'U.ff'U'1~'11J'1Je:J\1'111~'U'Vl~~"il~bnvibll'Ubb'1'Urlvizj\lbbl°l'\J 

n11b~t1n11 Discontinuous zone (Secor et al., 1992: 19-57) rn1Pin"rJ1'1i1\lb1m~'111\11\ll'U~'\J 

11ti\11'Ul11\ll'U'111\11'U'li1\lb~'U'1Je:J\ll'Ubb1n~tJ~T~ne:ie:in"il1n 1~ (Jenkins and Davis, 1990: 93-

104) 'li1\ln~1ffim'Urn1'1~1\11\ll''U~'11l\j1rubvi1nu 24 -&'111!\I (Campana and Neilson, 1985: 

1014-1032) ;\I m1'1~1\11\ll''U'11Ju1ru1 'U 24 -&'111J'ldir\l~u:W11t1\11'U1 'UtJ~1V!~1t1'1!Dvi~\l"il1n 
'U 

rn1Pin"rJ11 'U~e:J\ltJ5u~rn1 bb~~rn1Pin"rJ1"iJ1ntJ~11 'Ul5111J'll1~ e:i1Vib'li'UtJ~1 Thunnus maccoyii 

1'U1J'Vl1'1l-J'Vl1~'Ub~tl (Jenkins and Davis, 1990) bb~~tJ~1 Trachurus symmetricus "il1n'U1'Utl1 

:a~ (Araya et al., 2003: 471-475) bb~~tJ~1~'U 1 ~n'Vl~1n'Vlmti'1!Dvi 

bbuu'11~e:i\l~Dt11l1m'Urn1Pin"rJ1m1b&iu1~'1le:i\161~1J1zj\11~ bbrl bb uu'11~e:i\1'1Jll\I Von 

Bertalanffy (Bertalanffy, 1938: 181-213) ('11Jfl11~ 2.1) 
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Lt = Loc [ 1 - e-k{t-tol ] (2.1) 

.1 de< 
Lt = 1°111l.JV11'1JB'lum'Vll.JB1~ t 

k = l°i1'V'l1'j1fol'itl'~'lJB'lnTm1~t1Jb~'U 11J1 

Loc = 1°111l.JV11'1'1'1~'1JB'IU'11 (Maximum lenoth) 
'\J • :::> 

0 A 0 J'q J' A cJA 4:111 A 

n1'jn1 b 'U~'lJB'I bb 'U'U"il1'1B'l'Ul.J'V'l'U;j1'Ul.J1"il1 n bb 'Ul ri11l.Jri~'VlB'I m~'Ul'U n1'j'Vl1'1'1'j'j'J'Vl v1 .. 
'lJB'l'11'11tl1a'U11i1 bbn m~'Ul'U n1'j bl.Jmue:i~Hil..I (Metabolism) a'U'IJ 'j~ ne:iu li11vn1'jb~'U11'1 b tJ'U 

f:..1'1 "''V'l"1° "il1 n n 'j~'\.J l'U n1 'j'1 ~1'1 (Anabolism) bb'1 ~ n 'j~ 'Ul'U n1'j'1'11 v ( Catabolism) 1~ viH e:i 

'1l.J~~~1'U~'l-d' (Bertalanffy, 1938: 181-213) fie:i eJl'i'j1n1'j'1~1'1 bU'U~~~1'U1~Vl'i'j'ltl'Ui4''U~~11'U 
n1'j~~'1l'UB1V!1'j er I') 'j1 n1'j'1'11 v b U'UG1~~1'U 1~ v l')'j'J tl'Ul.J1'1'11'j"V!~BJ1wu n'lJB'l~'li1~11'1 bb'1 ~ 

'\J 

bb'U'U'11'1B'I Von Bertalanffy (Bertalanffy, 1938: 181-213) ~'lmh1 bU'U 

bb uu'11'1 B'I~ '1 e:i~ri'1 B'I nu 'j'\.J bb uu m 'H~ u 11'1 'VB'l'11J11J 1Vl'11V'1J'D~1~ mo'V'l1~'\.J'11 'U e:in"i11n-d'~'li1 
'\J 

l°i1'V'l1'j1fol'ie:i1m1l.J 11"1'1 (K) m1l.Jv11'1'1'1~'1JB'l~1'11tl1'1J'D~i!'U 61 V1~e:im1l.Jv11tl'u'U~ (Loc) bb'1~mv ~ , I , 

'lJB'l'11'11J1~i1m1l.Jm1~1\Jl1 b U'Ul1l'U~ (t0) "'m~mJ~'lJB'I b'1'U 1ri''l~'\.J'j~l.J1ru 11i1'11 n bb uu'11'1e:i'l-d'~'l11i1 
'\J 

nci11m bb'1111'1e:i~ri~e:i'I fl'\.J'j'\.J bb uu n1'jb~'U 11'1'1JB'l'11'11J1V1'11V'1J'D~1~ v bO'V'l1~'\.J'11 e:i6u1v"' n~ru~ 
'\J 

b~'U 1ri''l 11i1fie:i 1°111l.J V11'1JB'IU'11"il~ b ~l.J~'Ub~B b 1'11~1b 'D'U 1 tJ bb'1~fl11l.JV11"il~ b ~l.J~'Uli11Vell'i'j1~ 

'1~'1'1b~BV 1 "il'Um~~'l'11'11tl1i1m1l.JV11bvl1tl'Ul°111l.JV11B'1'U~ (Lex;) bb'1~Bm1n1'jb~'U1\J1"il~boU1 
1n'111l'U ~ ( n ci11fie:i n1'j b ~l.J'lJ'U 1~~ 1\Jl1i11°11iJe:i vm n b~e:i'11'11J 1i1m vmn~'U) b~'U 11"1'1 ~'lnci11"il~i1 

'\J • 

"'n~ru~bb'Uu1ri''l~nl.JBV~ (111'V'l~ 2.11) 



0 t(age) 

fl1'W~ 2.11 b~'IJ 1f>1.:im·n~u 1~ L '1Jitl"ll'1.:Jf"l11~v11~tl-a::~1rul~'11mb uu:ij1~eJ.:i Von 

Bertalanffy 
.d 
'Vl~1: Sparre and Venema (1998: 48) 

2.8.2 m-amv 
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fl11mCJ (Mortallity) 1tJ'V11\ll'VlCJ113!1'11'11fl11th~lJ'l 1~mu~1~'V11\l~1l'VlCJ1th~lJ\l ne:i 

11 b U'l.J fl11 b tJ~ CJ'l.J bb tJ 6'l \l'lle:J\lU1~'111 fl1~1'1 1tl1~i1 ~6'lvl11 ~ bfl ~ fl116'l~ 6'1\l'lle:J\lU 1~'111fl1~\9lltl11 'l.J 
u11lJ'IJ1~ m1\9l1CJ 1 tJ~1911tl1~f1ntl1~tJlJ11-tltJ1~1CJ'11tli1'1e:i.:iu"il~CJ~~n 1~bbn n111'11CJ 1~CJ011l.1'111~ 

'IJ 

(M) bb6'l~fl11\9l1CJ faCJm1tJ1~lJ\l (F) zj.:i~6'l11lJ'lle:J\l~\l'1e:J\lU"il~m 11b~CJn11m1mti11lJ (Z) fl11\9l1tJ 

1~vu11lJ'IJ1~'lleN~l'l1J1 b utJn111'11 ti~bn~~'l.J"il1n'11b ~~~1.:i 11 tJu11lJ'IJ1~~hh~v1.LJa.:in'Um1v11 
m1tJ1~lJ.:i~l'l1tl1'1Ju~i!tJ 61 b-dtJ n11itJmCJ-U'CJ n11f1n~1faCJ~~1 n11'l!1~e:i1~11 n11bn~hfl I , \I \I 

1~'1J1~ .n11~lJ6'lYh~1'1.Jbb~~.:ie:i1~CJ bb6'l~'11b~ ~ ~'l.J 'l m1mti1~CJ511lJ'111~i1fi1bbl'lfl~1.:intJ1~wi1.:i 

'IJ'Ll~~l'l1tl1 'll'l.J1~ bb6'l~e:i1 CJ~l'l1J1 bb6'l~ bb ~~.:im~CJ'lle:J\l~\9l1J1 bb~1 tJn11?in~1b~ CJ1tl'IJ~6'l11'1 
' 

tJ1~'111mb11tJ1~mrum1ru '1~11m11911ti1~vu11lJ'IJ1 ~i1fi1 bne:J'Ufl'l~l'l6'l e:i~-d1.:i~1\9l'lle:J'l~l911J1'1 ;I afl 

1~'1;{e:Jf)~~\l ~1'1.Jfl111'11CJ 1~ CJfl11U WlJ\l b U'l.J fl11\9l1 CJ'lle:J\l~l'lltl1zj\l bfl~"il1flfl11~~\9lltl1f1fl~'IJ1~CJ 
'IJ 

bfl~e:i.:ii1e:itJ1~lJ.:i (~.:i~~.:i h~u b ll'1.J~\9l 1tl1 b iJ1~m CJ bb6'l ~~.:i~hJ~.:i 1 "il~'IJ bb~~6'laCJ~~lJ1n'IJ bfl~e:i.:ii1e:i 
tJ WlJ\l) fl11\9l1CJ1~ CJ fl11U WlJ\l fii1m 1lJ bb\91fl ~ 1\l tl'l.J i~Wl 1\l'1;; a fl~ \9lltl1~'1.J a~ tl'IJ'll'l.J 1~ bb6'l ~ e:J1 CJ'lle:J\l 

'IJ ' 

~1911J1 'IJu~ bfl~e:i.:ii1e:i~v11m1tJ1~lJ.:i bb6'l~ bb 1 .:in~~tJ'lle:i.:im1v11 m1tJ1~lJ.:i 
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2. 9 nTiatloa::Lii'UV11trh.11ru m-a~u~ L V13.J1::~3.Jt 'U nTiavl1m""atloa::3.1.:itlil1 

rnTtJ ';i::.: b:W'\.J'Vl1tfhn ru fl1';j~'\J~ b 'VllJ1::.:'1:w 1 'l.J fl1';i°fli'1fl1-;ith::.::w.:itJ"'1tT'\.J:iJ n 1-ff bb uu"ii'1"' ei.:i ~"' ~u l'iei 

I d ~! d .di! 1 4 I O Q.I 1 1 d 
'Vl'\.J'HJn1'fVl(;l bb 'Vl'U'Vl b u'UbFl';ieJ'l:WeJ 'U fl1';i\3l m~1 ~'\.J'11~eJ.:i~~'1'Ul'leJ'Vl'U1 tJ fl1';i'Vl(;lbb 'Vl'U'Vl (Yield per 

• ) fl 1 0 
( .J '1 ., ~ 4 a l.J a I a I a I recruit model: Y/R bu'U~'U'11~el'l Model) 'Vlbb'1(;l'lb'Vlb'Vl'\.Jrnfl1';ibu~tJ'Ubbu~'l"LJeJ'lu';i::.:"1l1mu~1 

~'U L(;l~'U'VIU.:i L(;ltimiai'tim';itJ-;j::.:m~ ~~"LJei.:ieLJ'ei:w~~'U~1'U'Vl1'l'V'lffJl'ltJ-;i::.:"1!1m~~1~f11 3 tJ-;j::.:fl1';i ?lei 
4' 'it \J " o~ 

fl1';jL~u 11'1 fl1';j1J11 ti LL~::.: fl1';j'VJ(;l LL 'Vl'\.J~ 1(;1 t1v!'U"ii'1~ei.:id'1::.:vl1rn';ivl1'U1 ti ~~~u;.:i'1:w'W''U5nu rn';im ti 
' 

(B'Ub ~ei.:i'11nm';ivl1m';iU-;i::.::w.:i) bb~::.:m1:wt111 Lb ';in~u"LJei.:iG11J1i'tl1"1Jil(;ltT'U 'l Ldeii1m';i~'Ubb th"1lml'i'1 

Lb tJ ';j';j::_: ~u n1';j\911ti1'U5-;i ';i:W"1l1 ~ Lb~::.:~ 1'V'l 1 ';i1:n L\91B~n1-;i L~'U 11'l b tJ ~ ti'U Lb tJ ~.:i 1 tJ1 'U ';j::_: ~u 1'11.:i 'l 

(Welcome, 2001: 1-358; 'Vl1'U'VlB'l '1'11bnl'l, 2547: 118-121) 11J1'1tl-;i::.:'1.:ifi°"LJeJ'lbb'U'U"ii'1~ei.:id 
' ' ' 

b ~ ei~ '1::.:'V11:w1\91';in1';in1-;ivl 1n1 ';i tJ ';i ::.::w .:i~ '1 ::.:vl11 ~ ~ ~ ~ u "LJ ei.:i'11'11J1~'U1(;1 ~'U V1U .:i i1J 1V1tl' n :w 1 n~ '1 (;} 
' , ' 

(Maximum yield per recruit) 1(;lt1~'\.J"il1"'ei.:id'1::.:Pim~nfl1-;ibtl~t1'Ubbtl~.:i"LJei.:i~~~'UG11J1i'tl11J1~eJ(;l 
'ti1.:i~1\91fl1-;itl-;i::.:3.J.:i (Fishable life span; m'V'l~ 2.12) '11nn~:w'1l'li'tl1~Ln(;}L'UUb~tl1tl'\.J~beLJ1:W1 
11:w L '\.J'1tneJFi~i1m1vl1m1tl-;i::.::w.:i 1(;lti L~:w~.:i LLl'i b 1m~'11'l1tl1L-LJ'1:w11 'U'1tneJF1 ( mti Lb 1m eLJ1'Vl(;lbb 'Vl'U~) 

' 
'1'Um::.:~.:i'11'l1tl1i1mt1:w1n~'1(;1 zj.:i'1::.:vl11 ~'11'l1tl1LLn1J11t1Lei.:i1(;lti5""a';i:W"1l1~ , ' 

' ' ~ 'lf<n:o::nvum: 

1'1l'11JlTl~llYl\J~ ---7' 1 
i 

I 
1~ 
! 

I 

' ' t .d. jl d 

'lf1~':i :; fJ :; ·rn '\JllJl'Yl~U 'Yl'U'Yl 

~ ,~ 

I 

r 

fl1'W~ 2.12 moaLL tJ.:i<ti·N;i11J11'11.:i ei "UeH1~1J11tl1~~nvl1m-atl-a::3.1.:i 
.J 
'V13.J1: Beverton and Holt (1957: 200); 'Vl1'U'VleJ'l (2547: 114) 

vt'U"ii1~B'l~~~ul'ieiV1t11t1fl11'Vl(;lbb'Vl'U~ (Yield per recruit model: Y/R) bU'Uvt'U"ii1~ei.:i 
' ' 

(Model) m~b'1'UeJL(;JtJ Beverton and Holt (1957: 1-533) L(;ltJvt'U"ii'1~ei.:idbtJ'Uvl'U"ii1~eJ'l~BTI'\J1tl 
' ' 

I 0V < l;' ~ '1 .J tJ 1 ' tl.J tJ fl fl11 ::.:"LJei.:i n~:w'1 m '\..11 bb"'::.: ~ ~ ~"' l'l b 'Ufl11 :::'VJ bb 'U'U bb~'\.J fl1 ';i ';i::.::W.:i m ~ tJ '\.Jbb "'.:i b u'\.J';i::.: ti::: n~1'U1'U , 
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1.l<LI Q.I 0 ol .J .J.J' Q.I Q.I I "1 .,J,r W d 1 I 0 

"ilt ~1'U1t~'U'Vl1fi1'fo1t:U.:J'VIPl.:J'Vl'U\Jl~a~m~"l.IV'UULL\JlLL1f1L"l.11:U1'Vl~LL'Vl'U'VI L'UG'l\JlBPI '11.:J 'U'!1'U"il1~B.:J 
... ,, 

"l.IB.:J Beverton and Holt (1957: 1-533) .U~a.:im~v'!iaG'l:u:u~~.:il'ia1tJ.U , 

(1) eJ1J111m1 L~'U L\JlPl.:J~LL~:::hh tJ~ vmLtJ~.:i1J11:U"l.l'U1~tJ·rn'1!1m LL~::: Lll'Un11L~'U L\Jl LL uu 

Isometric 

(2) ~1J11tl1~L'li1:u1'Vl~LL'Vl'Um'U~'UL~v1n'U'1urlnaanm"il1n1"ll1'U1'UL~v1n'U , 
( ) ..i .... ':: "' il "' .J... 0 .1 .... 'i .. 
3 L:UBG'l\Jl1'U1L"l.11:U1BV 'UG'l\JlBPl'Vl:Un11'V11n11u1t:U.:J am1n11\Jl1V b~V511:U'1!1\JlLL~tn11 

'IJ 

• I ... I .J 
u1t:U.:J:UPl1Pl.:J'VI 

( 4) tJ~:u1ru~1J11tl1~ L 'li1:u1'V1~ LL 'Vl'U~Pl.:J~ LL~t hh tJ~ V'ULL tJ~.:J\Jl1:U"l.l'U1~G'l~BPl"l.IB.:JvimLliW'U~ 
"' ... 

(5) ~IJ11U1 L 'UG'l~BPliim1~G'l:U~G'l1'U n'UB~1.:JG'l:U'U1ru.mv L 'U n~:U~IJ11U1'1!U~~'U~L~V1 n'U 
'IJ , • 

(6) f111'Vl~LL'Vl'U~LL~tf111L~an~'U"l.IB.:JLPl~a.:iilmllmL'U'U"l.IB'U~~\Jl1.:J (Knife-edge) 

a~1.:ihn1J11:uL~a.:i~1vG'l.n11:::m1vi1m1tJ1::::u.:ia~1.:ivn!n1uvm1v ~ G'l~aP1~1J11tl1m1L~an 
1'1.J LL 'U'U n11'VI~ LL 'Vl'U~~ L ll'ULL 'U'U"l.IB'U ~~m 1 -ti L ll'UiU LL 'U'U L 'U m1PimfllJ nvi1 t ~ Ln~'lia-<S1 n~ L 'U n11 
'IJ 'IJ 

'IJ1:::Lij'U vi11m'UU"il~U'UP111:u'U1"iltLll'U1'Un11L~an~u~1J11tl11'ULLl'i~t"l.l'U1~1~~ntl1m 1 otlL ll'Uvr~n 1 'U 

m1'1J1:::Lij'U (Pauly and Soriano, 1986: 491-495; Amarasinghe and Sriya, 2002: 215-228; 

'Vl1'U'VIB.:J "il'fl1Lfi\Jl, 2547: 117) • • 
~.:iJ'U "iltL~'U1~11 L'Um1~~m1V1-S'vw1m'IJ1::::u.:il~vt-tlvlmi1~a.:i~~~ul'ia'V!'t11vm1'Vl~LL'Vl'U~ • 

J'U i-11~111fa1J1a~~ii~~l'iam1L'IJ~v'ULL'IJ~.:i'IJ~:u1ru~~~ul'iavrti1vm1'Vl~LL'Vl'U~ 1~LLn 'IJ~mrum1 
~.:JLL1.:J.:J1'Un11U1t:U.:J ('V!~ai-11~:utJ1:::~'Vl~f111\Jl1VL~vm1'1J1::::u.:i) LL~:::a1v ('V!~B"l.l'U1~) LL1fi~'U Lll'U • 
vr~n 

L 'Un1N"l.IB.:JU~:U1tt.ln11~.:JLL 1.:i'IJ1::::u.:iJ'U ~'Uatj nu\4l1~:u'IJ1t~'Vl~n1'~\Jl1V L~V511:U'1!1~~1V zj,:i 

'iii::: L ~'U 1~11t'Umru~i-11~:u'IJ1:::~'Vl~m11J11v1~v511:u'1!1~ ~1 (M<0.5) 'IJ~:u1ru~"~u~eivrti1 v m1 

'VI~ LL 'Vl'U~"ilt L ~:U~'U\Jl1:UU~:U1flJ n11"-:I LL 1-:i'IJ1::::u-:i~L ~:U~'U t 'UitVt'V!~-:1 'V!~.:J"il1n~rn Vit~'U~G'l.:JG'I~ 
'IJ • 

:u1LLL91L~eiiim1'1J-Su L ~:u'IJ~mrum1".:i LL 1.:i'IJ1::::u.:i~'U 1 'IJ~n 'IJ~mru~"~'U~el'V!U1Vn11'Vl~LL 'Vl'U~"ilt 
I .J 

PIBV ~ "~~.:! ('V11'U'VIB.:J ~'fl1Ln~, 2547: 118) (.f1TW'VI 2.13) 
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r=--=·=--~-==-~~; -
I . - - - - M=0-2 
I 
!--M=0.285 
I 1- ---M = 0.3 

I - .. - M - 0.4 

L .. - . _-=. .1':'.1_:-=_~-~ 

..i "' • • ..i..i "' • • 1!f. ti ~ .I. ~ ti 111'W'VI 2.13 t:.Ja"\J\11E'V11J1tln11'Vlf!LL'V11J'Vl'Vl1:fl\J\111.:I ") 'llE.:lfl1gi2J 1:gi'Vlfin11\111t1Lfltln11 1:2J.:i 

(F) ulEil2.1t11:il'Vl~n11\111tllflti5112J't11~ (M) ijm1Ltl~t11JLLtla.:i 

~2J1: 'Vl1'1J'VleJ\I "il'fl1bf1\Jl (254 7: 118) • • 

'11n.n1V1~ 2.13 LLG'l~M1 'IXL~'W11 ru ~1t~uri1'1:1.1tJ'~t~'Vlijm11J11t11~t1511:1.16!l1~~1 LGV'W1A''I 

1'111:1.1'1:1.1~'1J~1tvr-l1\l~"~u\Jleivri11t1m1'Vl~ Lb 'Vl'U~ nu '1:1.1tl1t~'Vlijm11J11EJ1~t1n1'stht:1.1\I "ilt b tJmGV'U 

1A''l~ij"il~EJei~ m1L ~:1.1tl~:1.11rum1"\I Lb 1\ltl1t:1.1\lhhi1 b ll'U11~ei\ll;JtJ~:1.11ru~"~u\Jleivri11t1m1 • 
'Vl~ Lb 'Vl'U~b ~:IJ~'U ~\IG'f 1:1.111'1ei6u 1EJ1;{11'Vl1\161!1 EJ'lleJ\l"il ~ E.Jei ~J'U ,Y1'1J1'1JG11J11tl1~'1n~uijt!ei EJ bb"tei'\lij 

' v 

G11J11tl1fl\lb vr~eiei EJ L 'UG'f 9leifl b lJ'U,J1'1J1'1J:1.11 n ~\IJ'U Ldeiij m1 b ~:1.1tl~mrum1'1\I Lb 1 \ltl1t:IJ\l:IJ1 n~'U '11J11 
v 

J1~'1n~u1;J'1 t L ~:1.1:1.11n~'Uvh1 iXtl1wu n L ~:1.1~'U:1.11nn11tl1V1'11 n~G'f rn L~EJ1 tJ ( '11nm1mEJ1~ EJ v v·~ 

511:1.16!!1~) 1'U'llrut~'Vl1\1"1!11ijei"l.leJ\lbGV'U1A'\l,Y1'U1'UG11J11tl11'1JG'f9leiflij L 'V!~eiei tjt!m.1'11'Wmn"il:~ n~'U 1 tJ 

nei'IJ~G11J11tl1'1tffieimP1~"iltL~u 11Jl LL'1t~1~ij"IJ'U1~ 1'Vlqi1;J~n~u1tJ1itl1t1t16!ltlLneiuV1:1.1~ vh 1 i.1'11Jl1 

J1~ei'\1Fl\lijei~"l 'UG'19leiflb ll'U'11'11tl1"1J'U1~L~n vi11iXtl1V1tl'mo~EJ"l.lei\1'1l'l1tl1~~u1;Jijfi1~1 LL\JlL 'Umru~ 
ri1'1:1.1tl1t~'Vlijm11J11t11~t1511:1.1"!l1~~\I (M>0.5) '11J11tl1&11'1J 1vrqj"iltijtJ~mrum11J11t11~ EJ511:1J"!l1~ 
~\I m1~b ~:1.1tl~:1.11rum1'1\lbb 1\ltlit:IJ\l~\I b tl'Ubbrlfl11~~u Lm'11J11tl1~'U:1.111itl1t1EJ"!ltlnei'U~G11J11tl1 
J'U"ilt\Jl1EJ1 tlfa EJ511:1J"l11~ ~\IJ'UtJ~:1.11ru~'1~u\JleiV1i11 EJ fl11'Vl~bb 'Vl'IJ~"iltb ~:1.1~mdeit1~:1.11rum1'1\I 
Lb 1\ltl1t:1.1\IL ~:1.1~'U"il'Ufi\11t~uvr~\lb vhJ'U Lb'1t"iltb .U1'1~~,r1n~u'U b ll'ULGV'U 1A'\lbb uuij~~,Y1n~ (tl~"!l1 

v 
... 

G'l:1.1:1.1ru, 2520'1l: 1-107; 'Vl1'1J'VleJ\I "il'fl1Ln\Jl, 2547: 119) 
' ' 

1 'U'llrut~ri1V1111ij L!Jleii~ n~1vr~\l~ei mEJ'V!~eJ"ll'U1~bb 1n~uJ'IJ '11:1.111'1 b tl~ EJ'Ubb tl'1'11tJ1J11:1.1 
' 

"1l'U1~\Jl1eJJ'IJ ~\lt11vnn11ri1'1:1.1tl1t~'Vlijfl111J11t1 (~\11~EJ511:1J"!l1~ bb'1tm1tl1t:1J\I) ijfi1fl\l~bL~11'1J 
it E.Jt Lb 1n~'1~'U"ilt L ~:1J~'U1J11:1.1m~ Lb 1n~u b V111tei'1J111m11J11EJ~1n-J1ei'm1m1b~'U11J1 LLIJiLdeifi\I~~ 
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vr~.:i 5.:i LL~i1fl1'H ~l.J~'U"!Ja.:ien v LL ':ifl~'U'\.J~l.J1tue.J'1~'U~ avr'l11 v fl1':i'Vl~ LL 'Vl'U~'iilt'1~'1.:i L ~a.:i'iil1fl t 'U • 
':it vtvr~.:ideY1J111m11J11 v G'M n11eY 1J111 m1L~'U11J1 LL'1t e.i '1~'U'iil t L vh nul"l'U~ Lda env LL 1n~u L vl1nu en v 

'U " 1 1 

G'l.:iG'l~"!Ja.:i6"1J11tl1"11il~i!'U ., L~el.:i'iil1fl6"1J11tl1'iilt\Jl1V1~vfi':i':il.J"!11~1'1.Jvrl.J~LL~1 (~1~~ G'll.Jh1.:ii;, 
"' ' I 

.,j 

2534: 1-61; 'Vl1'U'Vlel.:i ~'11Lfl1Jl, 2547: 119) (.f11V'fVl 2.14) 
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( flt)lfltJl..I ) 

·--------···-, 
\ --Le = 10.:'\5 "lflJ •. i 
I I 
i - - - • - Le = 9 "lf1J. 

! - • - • Le = t::l "lflJ. 

..I QI I I ..i..i QI I I QI ol ~ .! :'i' ol 
fl1'W'Vl 2.14 ~ftlil\Jfle:JmJ1'1n1,VlflLLVl'IJVl'Vl,:fl\Jfl1.:I 81 'tle:J.:lfl1~3Ju,:lil'Vlfin1,fl1'1LflfJn1'"a-u,:3.NI 

..i ., .. .1..i .1 
(F) UJe:J'tl'IJ1flLL,nl\l\J (le) 3Jn1,LuftEJ'IJLLuft.:I 

~3.11: 'Vl1'U'Vlm 'iil'11Lfl\Jl (2547: 119) • • 

nTn tJ~ V'U LL D'1.:J"!J a.:itJ~m We.1'1..ij'U ~ €l'V!U1 EJ fl1':i'Vl ~LL 'Vl'U~G'l1lJ1'rn LLG'IVJ.:J b 'U'5U i11YlG'I €l.:Ji1 ~ (Yield 
'\J 

isopleth diagram) 1 'U~tJ LL 'U'U 1°111lJ6"l.J~'UGtl'U fl1':i L tJ~ EJ'U LL 'Li'1.:i"!Ja.:irh6"l.JtJ'St~'Vl~fl1'SIJ11EJ1~ EJ fl1'S 

D':itl.J.:i Lrntenv ('V!~el"!l'U1~) LL'Sfl~'U ;.:iLG'l'Ua111~v Beverton and Holt (1957: 1-533) • 
1~atLLml.Jdi1tJ-st 1v"!l'U1 'Urn-s11.:il.J11J1-sfl11fl1'Ufll.Jrn-s'\.J-stl.J.:i L Yl'S1t'iil1fl 1~BtLLfl'Sl.J L -s1'iilt'Vl-s1uii.:i • 

., r .1 ..i ., ( .,..,i .1 .. "' 
'St~'Ufl1'SIJ11EJ L~EJf11'S u'StlJ.:J'Vl'V!l.J1tG'll.J fl'Utl1EJ "!J'U1~) LL -sn'iil'U'VIL 'V!l.J1tG'llJ ( u'S"!11 G'll.Jl.Jtu, 2520n: • 
1-46; 'Vl1'U'Vl€l.:i ~'11Ln1Jl, 254 7: 119-121) 'U€ln'ii11nd m-sL tJ~EJ'ULL 'Li'1.:J"!JB.:itJ~l.J1rue.1'1..ij'U~Bvru1EJ 
fl1'S'Vl~LL 'Vl'U~ eJ.:JG'l1l.J1'S(l LLG'l~.:J t 'U~D.f11YlG'l€J.:iij~1~EJ ~16"l.JtJ'St~'Vl5fl1'SIJ11EJ 1~ EJfl1'SD'5tl.J.:J'iiltel ~L 'U 

LLfl'U'UeJ'U LL'1ta1v ( "!l'U1~) LL -sn~u 'iilta VL 'ULLn'U~.:i ci1'U'\.J~mrue.1'1~'U~Bvr'l11 EJfl1'S'Vl~ LL'Vl'U~'iilta~ 
• '\J '\J 

II' QJ ' d 
'U'ULL 'U1 LG'l'Uflel'U'Vl1'S (Contour Line) (m'Vl'Vl 2.15) 
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~1f1.f11yj~ 2.15 LlltJ~1ei~1.:i"llei.:im1~n~11tJtl~n Plaice u~nruvi::L'1LV!ilei ~La'l.JeJLfleJ 
.J Q 1"" "" Beverton and Holt (1957: 1-533) 11!.:i u1"111 al.11HU (2520"1!: 1-107) LL'1:: 'V11'1.JVleJ.:J ~'11Lf1~ 

(2547: 121) 1~ei6u1eJ11 L~tJ1~.:i AA' LlJm~tJ~LLafl.:ia1111::611vi~ummL1n~u~mn~aflnue)l'111 
' ' 

m11'11 eJ Lfl eJm1tl1::lJ.:i~i.Jei eJ~afl LL'1:: L tJm~tJ~ LLafl.:i-a::~u m1l'11eJ hw m-ath::l.l.:i~ L vim::al.ln'U 
' 

Gulland ( 1969: 1-153) 1~LatJeim11.:im1tJ1::LijtJ611111::m1tJ1::l.1.:iL 'IJ1Ue.J'1~'U~eivit.beJm1 
'U 

Vlfl LL 'Vl'IJ~ L ~eiel'1tJ1eJri11l.la::mn1 tJ m1r11tJ1 ru~1~.:i LL'1fl.:J L '1..1.fl 1yj~ 2.16 ~.:it 'IJl'1111.:i~.:in'111 
'l.JeJ ml 1 f1e.J'1 ~'U ~ eJV!tJ1 eJ f111Vlfl LL Vl'IJ~ LL~1 ~.:J'11l.111'1 L-b'tl1:: LlJ'l.Jl.11 '1:a1.f11yj~eJV!tJ1 eJ f111'Vll?l LL Vl'IJ~ 

(Biomass per recruitment: B/R) lii1tJ1tJGll'11J1~~f1~'U~eJV!tJ1eJf111'Vll?lLL'V1'1.J~ (Number per 

recruit: N/R) e.J'11ij'tJ~eJV!tJ1tlf111Vll?lLL'V1'1.J~ (Catch per recruitment: CIR) LL'1::J1vitl'mo~tJ"lleJ.:J 
e.J'1t:-J~l'111tJlJ (W) 
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3.1 fl m'Llvh 1.mT~f1n'bl1 

3.1.1 eh1 lvm 

d 
'U'Vl'VI 3 

~111vm ijVjti'~ei~~ 10°N, 101°E ij~'U~ 300,858. 76 m11.:in1'1Ll.J~1 "ll1EJ~.:!'VltL'1~1'l 

LVJEJ'VleJ~EJ11 1,840 nL'1Lllm ~1'U~.:i'Vl1~ ~-s1~ ~'U'Vl'U~ -stEJei.:i "ll'1'U~ otL:a.:iLV111 al.JV11tl11m1 • • • 
n-s.:iLVJ'V'lll'Vl1'Ul°l1 al.JV11a11"11 al.JV11a.:i1"111ll L'V'l"lli'U~ tl1t"il'l'U~~-1J'Ut5 "llll'V'li a-s1~f'lio1-U , , • • , , 'dJ 

... ."1 ... ... ... .,. .J .,J.,. .J - ... 
'Ul°l1\3!1onl.J11"ll a.:i"lJ'11 u~m'U LL'1t'U11o'J1a l.Jl°l'l1l.J'1flL0'1EJ 45 Ll.J~i ~~'Vl'1nVJGl~'1flL'V'IEJ.:I 

80 Ll.Jm ijtl1~~'1'1tJ1'Ul.l1n LV1'1l.J1"il1flLL1hl1~1.:i~ vht ~tl1V1tL'1L 'U~11 LVJEJij1t~'Ul°l'l1l.JL~l.J~1 ij 
~tneitJa.:i LL'1tijfi1"'.:ie.i~~a.:i ~.:iij1"111l.Jei~llal.J'U1ru"lJei.:iV1r'V'lmmtl1tll.:ill1n m1Ln'U~1ei~1.:itl'11V1 

\I \J , \I \I 

.., • t J'.,, " .., JI .,j I 1 .,j I iJ" I 1" I ) JI .,j I 1 ii "" 
b'Uf11113lf1~11°11.:!'Ul.Jf111Lf1'U b'U'V'l'U'Vlel1'l 'VlEJ'VlLL'U.:ielelflL 'U 4 a'J'U ~LLf1 1 'V'l'U'Vlel1'l 'VlEJt"J.:l~t'l'Uelelf1 

(-st EJei.:i ~'U'Vl'U~ LL'1tm1~) 2) ~'U~~11 L VJEJ~ei'U t 'U ("ll'1'U~ otL "'B.:iL V111 al.JV11tl11m1 al.JV11a1m , , , , 
... JI .J I 1 . I ...... .., ' ' ""') 

al.jVJ1a.:ll°l11l.J LL'1t L 'V'l"ll1'41) 3) 'V'l'U'Vlel1'l VI El\;1el'Uf1'11.:I ( u1t"il'l'Ul°l1"ll'Uo ~l.J'V'11 LL'1tGl11~!)151'U 

LL'1t 4) ~'U~~11LVJEJ\;)eJtJ~1.:i ('UF1113!~011l.J11"!l a.:i"ll'11 frVJ'1.:i U\;1~1-U LL'1ttJ11611a) 1~mL~'1t • 
JI .,J.., iJ" JI .J 1 

a I .J ..9 "" •I ( .J ) 'V'l'U'Vl'1eJL 'U'V'l'U'VILL 'Vl'1.:lu1tl.J.:l'Vl'111°lqj"llel.:I u'11~ .f11'V'l'Vl 3.1 

3.1.2 fuu::L'Vlfl 1'LI 1fl~nTnm~w1, 11vi11V1v1fl'v,1'ti.ti'!Ji1l~~,,ru ~.:ivi1fl~'Ll'Vl'4'i 

~1 L 'LltJm1~n~1 t 'U~'l'U"llei.:im1~n~1 t tJ~ei.:itJ f1~m1'U1.:i~1'U L "litJ m1Ln'Umt~nV1 
~ 'II 'II 

~1L 'LltJm1~n~11 tJ~ei.:itJ~u~m1~1'Ut 'Vlqj L-dtJm1Ln'Umt~n~"i11n~1ei~1.:i m1vi1 

l°l'l1l.Jatei1~n1t~ nV1tl'11V1 m-s~~mt~ n'VI m-se.l'U mt~n'VI m1~1'U1..:i1tJ"i11f1 mt~n'VI m-s 
'II 'II 'II 'II 'II 'II 'II 'II 'II 

1 Ll°l11t~.rreil.J'1 f111 L ~EJ'U'U'Vll°l'l1l.J'V11..:ll"ll1 f111 f111~~vi11tl L~l.Jl'Vl EJ1U'V'l'UG L tl'U~'U 
'II 'II 

3.1.4 ~t:Hltl{imim, The National Oceanography Centre, University of Southampton 

wei.:i Southampton 

~1 L 'Ll'Um11Ll°l11t~tl~l.J1rua..:i~tl1tn€J'Uo1~1 'U mt~n'Vltl'11'Vl L~EJLoULl°l~ei..:i Laser 
• 'II 'II 'II 

Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) LL'1tL~~1LU'Uf111 
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3.2 ~tln'5Wbb~::bfl~e:i.:ii'.ie:i~1<ITT1.m1'5flm~n 

3.2.1 eLJe:J:W(;lM;1~uum'Vl~b"''11m1c.1~1·1.m~1nh~m (~~~ m~LJ~~:w~bbvi~LJ~~b'V1~1 'V1CJ vrn. 2527 5~ 
" 

2552 bll'U"1f~eLJ'e:i:w"'~IPlm~e:i~ 26 \J) 
' " 

3.2.4 Plastic forceps 

3.2.5 Plastic centrifuge tubes 

3.2.6 1~1~~b'1'Ub'v1m1e:ie:in 161Jii m1:wbeLJ:WeLJ'U ~e:JCJ(;l~ 6 

3.2. 7 Epoxy resin and hardener 

3.2.8 Resin blocks 

3.2.9 Low speed diamond wheel saw, South Bay Technology, Inc., model 650 

3.2.10 ~1(;lilbbtl1 

3.2.11 Crystalbond mounting wax 

3.2.12 Hotplate 

3.2.13 m~~1~'V1~1CJ b'IJB1(;l~b~CJ~ (2000-3000) 

3.2.14 LJ1nmb~CJ'Um~'1n 

3.2.15 n~e:i~~(;l'Vl~~~Ubb'IJ'IJ~1CJ(;l~b~CJ~~~ (Compound microscope) bb(;l~LL'IJ'\Jml'le:i~fa 

(Stereo microscope) 'W~e:i:wn~e:i~~1CJJl1'W'11f1f1~B~~"''Vl~~~tlLL'IJ'IJ~~\Jle:J(;l 

3.2.16 Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP

MS) bb(;l~~1~bF1i1~LMc.11eLJ'e:i~ 

3.2.17 lli'1e:i~1~LJm'Vl (11i'1b~:WlCJ~~'IJ1~'11f1bb'V!~~lh~:w~IP11~11 'Ua111'VlCJ bb(;l~U"'1'VllCJBB'Uzj~ 
" " 

1~'11f1 fl1~b 'W1~oW'Ui5) 
' 

3.2.18 1u~LLm:w1bf1~1~~.n1'W lmageJ 
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... ' 'I'll "'.1 
3.3.1 n1i-1 bFli-1Z'Vlbb 'U1 L 'U11i:.Jlil'1\J ulil1'VIZblil 

m11 bri11~~bb 'U11-Ul.l~'1~utJ'11'Vl~b'11 'Wri111 'Vlt1~1b u'Um11~w1-ff-U'al.l'1~'1~'UtJ'11'Vl~b'1 
\I 

'11flri111 'Vlt11~Vll1\IU YU"!. 2527-2552 zj\1~1b U'Ufl11~\9lbtltJ11E.Jtl1\91 E.Jfl)lJU1~lJ\I bb'1~11EJ\11'U1 'LI 

bvfl6111zja "61~~ m1tJ1~l.l\lbb v1'ltJ1~ b 'V1~1 'Vlt1" -U'vl.1'1~\I fl~111 otlL 'W m11 bri11~~bb 'U11-Ul.l~'1~tJtJ'11 
\I 

3.3.2 '11bb'Un~~eJFIUm~1 'UeJTJ1 'VlfJ 

0 "" ... ' . 1 .J ... 1"' .1 i1 'l J' d .1 d 
\911 b 'U'Ufl1111tJ11lJl'nel EJ1\I u"11'Vl'V1'1tJ \91'11fl'IJ11 u)~lJ\l'IJ1E.Jv.i\I b 'LI 4 'W'U'Vlfl11u'a~l.J\l'Vl 

\I 

~ ..... J'.J , 1 i1 ... J'.J, 1 1 )J'.J, 1 
'11flt1J flel 1) 'W'U'Vlel11 'Vltlv.i\l\91~1'Uelelfl 2) 'W'U'Vlel11 'Vltl\91-el'U 'LI 3 'W'U'Vlel11 'Vltl\9lel'Ufl'11\I bb'1~ 

J' d' 1 ' .1 d 0 "" J' d .1 ... ' 0 ~ 
4) 'W'U'Vlel11 'Vltl\9lel'U'11\I u'11'Vl'Vl\911b'U'Ufl1))1tJ)1lJ'W'U'Vlfl1)u)~lJ\1'1~ 100 mmn\I 'Vl1fl1)'1J\I 

\I 

J1wufl (V1t11mll'Wfl~l.l) bb'1~1'\9lri11l.lt11111t1\ll1 (V1t11mll'Wi1'1~bl.l\911) "il1bb'Wm-w~ V!Gl\1'11ni!'W 

~1bU'Ufl1111tJ11l.lfl1~\9lflW1JB\IU"11'Vlbbvl '1~~1 btltJL~Vl'1B\9l'W"11'1~fl (Plastic centrifuge tubes) 
" " " 

VlGl\1'11fl,r'UVhfl11b\9l~E.JlJ~1el~1\I fl)~\9lfl'Vl L\9ltl fl1)~1\1~1 t1tl161~V1\91 ~\IL ~bb ~\I bb~TVhfl11~\lfl)~\9lfl 
" " " 

Vl'1\11m1~'U V!Gl\1'11fl,Y'U~\9lm~\9lflV!~1mri~v\l~\9lfl11l.lb~1~1 (Low speed diamond wheel saw, 
" " " 
South Bay Technology, Inc., model 650) ~1B~1\l~~\9lbb~Tvl1fl1111\1'1\lbb'1~~\91U~tJ'Ubb~'U 

'11'1~ oLJ\9lbb~'Wm~\9lfl'Vl~~\9lbb~1'1mb~'Wm~\9lfl'Vli1m1l.l'Vl'W1at11'U1~~tJ 250 - 4501l.lri1a'U '11fl,r'W 
'U 'U '\J 'U \I 

tJ1fl'a~\91fl'Vl~~1'U fl11 b\91 ~E.JlJ~1el ~1 \1~1 t115~\I fl~ 11tJ 1lJ1vl1 fl111 bfl11~~el\I rh.J 'a~ fleltJ'IIB\151\91vl1\1 ., 
" cu , I 

~at11'Wm~\9lfl'Vl~1a~1\1~1mri~a\llja Laser Ablation Inductively Coupled Plasma Mass 
" " " 

Spectrometry (LA-ICP-MS) ru ~a\li.J5lliim1 the National Oceanography Centre bljv\I 

Southampton '1V!11'1Jmru1~m L\9lt1~1a~1\IU'11'Vl~i11m~\9lnV!mv\'1m1ibm1~\.1a\lr1tJ1~natJ 
\I \I " 

51 (91 1.if i.Ji;i1'Vl~i1'1l'U 1\91 ri11l.J t111 '11 ~1~1fl~ bfi t1\I n'W bb'1~1 'W bbvii;i ~~'W~1.1f i.J '11'Vli bri11~\.1 bbt1 fl b -w~ , " " 
b -w~i;i~ 6-9 ~1a~1\I ~\l,r'U~1a~1\ltJ'11'Vlm .1f 611V1foi bri11~"1a'lr1i.J1~ flatJ61\91611V1fo m11 bri11~"1 

" ' 
"il1bb'Ufl619i'ari ~\ll1"il1'U1'U~\li'U 55 ~1a~1\1'11fl~'U~vi1\I 1 4 ~'Um'Uri111mJ (~'U~ri111'Vlt1~\I 

... J' d ' 1 'l J' d ' 1 J' d ' 1 ' ., 
\91~1'Uelelfl 'W'U'Vlel11 'Vltl\91-el'U b'U 'W'U'Vlel11 'Vltl\9lel'Ufl'11\I bb'1~ 'W'U'Vlel11 'Vltl\9lel'U'11\I) 'lJell.1'1 

" 
v'lr1i.J1~flvtJ61\911 'Wm~\9lflV!~1~ i11l.l1i bm1~\.1 b ~am1~1 bb'Wfl619i'vri'1lv\l'l.Jm'Vl1 'Wri111'Vlt1via1 iJ 

, \J 'U 'U 

'i .. ' d J' "" 1!4 d 
b\9ltl)1EJ'1~beltl\91611'U'Vl 2 'LI el5tJ1EJ 1 b'UtJ'Vl'Vl 5 

3.3.3 mi-f1 n'li1ei1 ~ ug:i::mi-b9iu l\9l'tleJ\l'IJlil1'VI bb~'1::~~ ei Fl 1 cuei111 'Via 
• \I 

~1 b u'U m1\9111'161vtJ ~'LI EJ''U m1?1~1\11\li''W 1 'Wm~ \91 fl'Vl'IJ'11'Vl b ~a~1 b u'U m1'W?1'1i111i.J'11 
\I \I 'U 'U 

'Vli1m1?1~1\11\ll'U 1 'W m~\91 tl'\1!'1~ \IV!~a hJ L\91 t1tl1i.Ji;i1'Vli' t1ria'W~'Vl11tJm E.Jl.11\9111'1?1atJ"il1'U1'U1\l L 'U 
'U 'U 'U 'U , 
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Q.I I I.I t.I Cit.Cit. 0 I V I 0 Cit. IV 0 Q.J d .£11 CV 

m~ ~ fl'\;j\91.:i flfl11 \911 tJ fl "1 eN \91'1 \)) -ern bb"1~'U 1.fl 1vffn tJ \91.:i fl"111111\911 b 'U'U fl11'U'U "il1'U1'U1.:i1m Y!a tJ'UtJ'U 

m16'1~1.:i1.:i1''U L 'U m~\91 fl'Vftlm'Vl~.:iflci11 
'U 'U 'U 

~1lb~8flfl1~\9lfl'Vf"il1A~1a~1.:itl"11'VlL~ri1auri"111'Vlfl~'U1\9lri1111tJ11~1~1 111~1'U1'U 
, 'U 'U 'U " , 

30 ~1a~1.:il?imY11"lbb"1~1?ia~'U~tl1~11.:i (4 ~'LI~) zj.:i11:1Jbb~11.U~1a~1.:itl"11'Vl~.:i'Vf11\91 240 ~1a~1.:i 
'U 

fl11b())~tJ11~1a~1.:im~\9lfl'Vf~1b'Ll'Ufl11b-d'IJb~tJ1nu-X1-LJ'a~ 3.3.2 f'la ~1.:i~1mJ16'1~81\91 ~.:i1~m~.:i 
'U 'U 

bb~1v11m1~.:im~\9lfl'Vf"1.:i1'Ub1~'U V1i;l.:i"il1flt!'U~\9lm~\9lfl'Vf~1mri~a.:i~\9lm111b~1~1 (Low speed 
'U \J 'U 'U 

diamond wheel saw, South Bay Technology, Inc., model 650) ~1a~1.:i~~\9lbb~1v11m111.:i 

"1-:i bb"1 ~ ~ \9ltl ~u 'LI bb~'U'1L"1 ~ -U \91bb~'LIfl1~ \91 fl Vl~ ~ \91 bb~1"il'U bb~'U fl 1 ~ \91 fl'Vfi1 ri1111V1'U1a ~1 'Ll1 ~ ~u 
'U 'U 'U 'U 'U 

250 - 450 111ma'U ~'Um~\9lfl'Vf~.:iflci11~1b'Ll'Um1~1tJ1tl~1tJfl~a.:i"il"1'Vl11mM1i;l.:i~tJ1tJ6'1.:i 
'U \J 'U , 'U 

bb~1eJ1'U~11.:i1''UL 'Ufl1~\9lfl'Vf~1tl 1 tlibbfl11l'11b ~"ilitl (1 tlibbfl11J lmaoeJ) (Rasband, 1997: 
'U 'U 'U ::i 

Web-Site) ()111J1fim1 ageing based on increment thickness (Ralston and Miyamoto, 

1981: 83-88, 1983: 523-535; Ralston, 1976: 990-994, 1985: 14-15) b\9ltJLoU~eJ1'U~1'U1'U 

3 ri'U -LJ'a11"1~11.:i1''U~.:i flci11 btl~ tJ'U'Vft11tJ1 ~b ll'UG1\91~1'U~a.:itJzj.:i11u1111b ~a 1 m 'Ufl111bri11~~ 
'U 

~1'V'l111iJ b()) a{m1 b~'U b()) ~1'V'l111iJ b())a{ fl11()11 tJ bb"1 ~w~u m1v11tl1~11.:i~ b Vf1l1 ~ '11l~a.:i6'1 ~ aritl"11'J 

'l ' .J' .Jtl 'l ' ~ ' ~tl .J "" ~ ":'! .J b'Ubb()1"1~Yl'U'Vl 1~11.:i b'Ua11 b'VltJ())eJ b 6i!.:i11tJ"1~be:JtJ\9lbb6'1\91.:i n b'U'U'Vl'Vl 6 

"' 6 ~II ""al 3.4.1 fl111bl°l11::'Vlbb 'lJ1 b 'lJ:IJ~~\l'U u~1'Vl::b~ 

-LJ'm,i"1 t:.J"1~'UU"11'Vl~ b"1'111m1 bfl11~Vf1 'U6'111JUW b~'Uflel 1) fl111 bfl11~~m11Jbb tl1tl1TU 

~a.:ie.rn~u 2) m11bm1~~bb'U11-U11m1Ltl~tJ'IJbbtl"1.:i~a.:it:.i"1~'U11tJ~1 bb"1::3) fl1'~1bri11::~1tlbb'U'U 
'U 

m1btl~tJ'Ubbtl"1.:i~mt:.i"1~'U (m1~\9lflci:1J()11:1Jfl1111ri~1tJri~.:i~a.:ia.:ifitl1::flaue.rn~u) 
' 

m11 bfl11~~ m111 bb tl1tl11'U~a.:it:.i"1~'U bb tJ.:i b ll'Llm11 bri11~~m111bb tl1tl11'U1:: tJ::~'U 

bb"1~m111bbtl1U11'U1~ tJ~ tJ11 ri1111 bb tl1tl11'U1~ tJ~~'U1 bfl11~~1\91 tJPl fl~1~1 Coefficient of 

variation (CV) (~1fl111Jbb())fl\?11.:i1~V111.:i~1~bbVl"il~.:inu~1~1~'11flfl11fl1'U1ru) ~mt:.i"1~'Utlm~1'U 

fl111Jbbtlitl11'U1~tJ~tJ11bbU.:ibU'Um1:Wbbtl1tl11'U1~tJ~tJ11 b\9ltJ()11.:i (Absolute variation: U0 ) bb"1~ 

fl111Jbb tl1tl11m YitJ'U bfitJ.:i (Relative variation: U,) b\9ltJi16'1()11fl11fl1'U1rubb6'1\91.:i 1~~.:i11tJ"1~b~tJ\91 L 'U 
'U 

.J 
'U'Vl'Vl 4 

"il1flt!'U~1b 'Ll'Llm11 Lm1~~bb 'Ll11-U11m1b tl~ tJ'Ubb tl"1.:i~a.:it:.i"1~tJtlm11tJ~11 i'1'1~1 'Llm1 

1bfl11~~f'la Spearman' s rank correlation ~1'Ufl111bfl11~~1tlbb'U'Ufl11btl~tJ'IJbbtl"1.:i~a.:it:.i"1~'U 
'U 

(m1~\9lfl~1J()11:1Jm111ri~1tJri~.:i~ma.:ifitl1~fla'Ut:.i"1~'U) 1 i'1'1~1 'Um11 bfl11::~f'la Artificial Neural 
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Network (ANN) lu~tJLLtJtJ~Lth..i Self-Organizing Map (SOM) (Kohenen, 1995: 1-501) zj,:i'\l~ 

L U'U m11 Lfl11~~fl1'r<a'~ flcilJ'LJ~N\>11 LL th (n1'Vl~ 3.2) (l 'U~il~ml1V1iJ fl'LJB-!lt:.i'1~tJ'\.J'11LL~'1~"1J\j~/ , 

flcilJ) \J11lJ'VlU1tJoUBlJ'1 (l 'U~il~ei tJ) 1 'LI1'\.J.fl1'Vl 2 iJ&i 1~mL61~-!lt:.J'1vl1tJfl11L~tJ-!l~Btl'U'LJB-!11'\.J'Vlfl 
't \I \I " 

L'Vl~tJlJ (Hexagonal lattice) ~L~tJfl11 Kohenen Mapping (KM) zj,:i{l11'11LL'l.J1LU'Ufl~lJ (Cluster) 

d""... 'I""" ... "" ... ' ,, :;'1 !'l .r d.J,i """ ... 
'VllJ'1fl'l!l'CU~ bfl'1LfltJ-!lfl'U'\l~lJfl11LL61~-!lt:.J'1fl11fl1~'\11tJ\J11'1JB-!l'Vl'U1 tJ'LJB~'1 ( u) B~ b 'U'Vl'U'Vl'Vl Lfl'1LfltJ-!lfl'U 

1 'LI Kohenen Map bL'1~ll11'11 Lb tJ1i1~fl'l!l'ru~~1-:in'U fl11LL61~-!IBBfl'LJB-!lt:.J'1~'Vl'l-1'\1~11-:!l'l11 'U~1bL 'VlU-:1~ 

'\i11,:i BB fl 1 tJ 1 ~ tJ ~ ~ 1-:1 ~'LIB tJ0 tl tJ 1 ~ ~ tJ 'LJ B-:! fl 1 1 lJ LL \J1 fl \J1°1-:1 'LJ B-:! fl '1° lJ \1l 1 bb tJ 1 L ~ tJ bb \J1°'1~VIti1 CJ 
v ' 

(Neuron : n) 1'LI1'1.J'VlflL'Vl~tJlJ'\l~L~tJfl11'VlU1CJ~lJB-!IL~'U(Visual Unit: VU) eJ'UbU'Ut:.i'1lJ1'\11fl 
v 

oLJB~'11'11ei~1-:ii11L-U'1 (Sampling Unit: SU) zj-:!L'U~il ~B tJ~lJ1CU'LJB-!lt:.i'1~tJtJ'11Lb~'1~"1J\j~/fl~lJ L'U 

bb~'1~'VlU1CJoUBlJ'1 (~B tJ) 
v 

.ll1'W~ 3.2 bb'W1fi~"llv.:i Artificial Neural Network (ANN) 1uitJLLtJtJ~LU'U Self-Organizing 

Map (SOM) 

d 
'Vl111: Kohenen (1995: 100) 

3.4.2 n1'a~1LL un~~fol"ltJ'11'Vl1 uei111 'Vlfl 
v 

fl11~ 1 bb 'LI fl61~Bfl'l.J'11fatJ1iei-:il"ltJ1~ flBtJ'Vl1-!I bflm 'LI m ~ ~ fl'Vl 1~~tJ fl1WBlJ~tJ11 L U'U , v 

15m1~i1tJ w~'Vl5n1'Vl 1 'LI m1Pi fl'l!l'1 fl #-:iii' oLJBlJ'1 ei-:i fitJ 1~ fl BtJ'LJ ei-:i 01mei-:i~eiCJ1 um~~ fl'Vl'LJ ei-:itJ'11'Vl 
" 't \J \I 'U \I 

~\Jli1'\161BtJ 1~ 't11lJ1~'\111CU1fl11lJLb\Jlfl~1-!1'1JB-!151~~1.:! 1L 'ULL~'1~U'\l~CJ (ei1Vi L'V1111'1JB.:!'\.J'11 LL Vici-:! 

0 I .f d • 'I ~ ,, 'l' """" "" ' d u1~lJ-!I 'Vl'U'Vl\;11-:1 61 b'Ufl1~~fl'Vl LU'U\Jl'U) b~CJ15fl111Lfl11~'Vlfl11lJLLtJ1tJnu (ANOVA) L'VlB I v v 

\J111'\161BtJfl11lJb 'VllJ1~61lJ'LJB-!151 \Pl~ 1-!I 61 ~'\l~A~b~BfllJ1 L U'Ul'l1 bb'l.J1fl1tJfllJ L 'U fl11l bfl11~~fl11~1 LL 'Ufl 
' I ' 
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mh.1 zj\llilt1Lm1t~~1ti15 Linear Discriminant Analysis (LOA) L~e.im1"ii1LL'Un'1~e:Jl'l'lleNtl'11'Vl 
' 'lJ 

1'Ue:l111vm~e.ihJ 

Linear Discriminant Analysis (LOA) Lll'ULl'l~e.i-:ii1e.i'Vl1\l'1'1&iffim'Um11Ll'111t~ 

"ii1LL'Unn~l.l m11Ll'111t~LL'IJ'IJ"ii1LL'UfililtLll'Um1'1~1\l~\ln-8''U~'UlJ1L~e.ln11Lotlvl1'U1tJn11Lll'U'1lJ1:Sn 
' 

1'Un~l.l1viti 1 -tl~1 LL tl1~1-:i 6'l (~l'11vi11i1B'Vl6~'1~e.im1-..i1 LL 'Unn~l.l) L tl'U~1 LL tl11"11'\Jl'll.Jm -tl'1'1V1~'\Jm1 , I , .ii 

vl1'U1tJJ'U LV!tJn11'1~1\l~\ln-B''UliltLll'Un11'1~1\l~1 LL tl1 L 'V!ll~'UlJ1 LVltJi1'1 m~mJtL tl'U~-:Jn-8'm~'U\Jl1\l ~ 
LflV!lil1 n~1LLtJ11'11'\Jl'llJ LV!tJ~\l ni'U L 'V!ll~tl1tl.l1ru 1~.Q lilti1'VlmtJi1&i'11lJ11'1Vilil11ru1tl1tne:J'IJ nm ~e.l 

' 
n11LLU\ln~lJ1~ tl1n&it!ni~tJliltLotlL~tJ\l 2 '1-:i 3 ~-:ini'U (2 i1&1 '1-:i 3 i1&1) L~e.ln11e:JB'\J1tJLL'1t , 
LL'1Vl\le.J'1~1e.l~1\ln111Ll'111t~n11-..i1LL'Un'1~e:Jl'ltl'11 LL'1Vl'l1~~\l.fl1~~ 2.8 L'U'\J'Vl~ 2 '1'1'Vl~'\J 

11tJ'1tLBtJVIL ~lJL&ilJlilte:JB'\J1tJe.l~1\l'1tLBtJVI L 'U'U'Vl~ 5 

3.4.3 n11'An'l!t1el1~LL~::n1'n~'ll L\Jl"llti.:itl~1°(]LL~~::~Qltlf'l L 'Uti11 l vm 

~1L'W'Wm1'Vl vi'1e.i'IJ1tl LL 'l.l 'l.l m1 L&i'IJ L\Jl'll e.i-:itl'11'Vl LL~ '1 t '1 ~ e:Jl'l 11l.l~-:itl1tl.l1rufi1 
'lJ 'lJ 

'1l.ltl w~'VlB'lle.i\ll'111lJ~'ULL tl1'lle:i-:im1e:l1'Ue:i1 titlm'Vllil1 n~e:!Ttm wvin'V!~\I 3 l'l'U 1i11nt!'U-U1-LJ'e.il.l'11\I 
, '\J \I '\J \I " 

l''U~~1'U1ruL tJ'U'1vi~1'U'lJe:i\ltJ~ Ln'\J 1~~\111 ti'1t LB ti vi 1 'U~1.LJ e:i 3.3.3 (L tl'Ufi1 Lo~ ti'lle.i\lm1e:l1'Um ~ 

1i11n~e:l1'U~\I 3 l'l'U) tl1l.l1tl1tl.l1rufi1~111fa\Jle:i{m1L&i'IJ L\91~1\I 1 (t~LLn fi1~111fa\Jle:i{'l!e:i\lm1 

Llil~qJL&i'IJ L\Jl (K) LL'1tm1l.lti11~\l~VJ'lleJ'ltl'11 (Lex:) 1viti1-tl'15m11Ll'111t~m1l.l'1l.l'W''U5LL 'IJ'\J hlLtl'U 

L~'U\911\ILV!tJLlJ~ Analysis of length-at-age data L'ULtl1LLn1lJ Fisat II (FAO, 2006-2016: Web

Site) 'Vl'1\llil1 nJ'U ~1L'U'Un11 '1~1\l '1l.l n11 n11 L~'\J L \Jl 1vi tJL -ti LL '\J'\J "ii1'1eJ\In11 L~ '\J L\Jl 'lleJ\I von 

Bertalanffy ( 1938: 181-213) zj'ILllmL'IJ'IJ-..i1'1e:i\l'Vl1\ll'lru\Jl?i1'1\Jl{m-tle.i6'1J1tJm1Llil~'\!L~'IJ L\Jl'lle:J'I 

tlm L 'U1U~\I notl'U'lleJ\le.l1 tJ 'lleJ\IU'11'Vl LL '\J'\J11lJ L ~PlL 'U LL~'1t'1~e.ll'l ~\ldm1V111'11~111iJ L\Jl e:i{ n11 L&i'IJ L\Jl 
'lJ ' 'lJ 

(K) LL'1tfi1m1l.ltJ11'1\1'1VI (Lex:) 1m5m1tl1tl.l1rufi1L~'U Lfl\I (Non-linear estimation) 1i11n-LJ'e.il.l'1 
'lJ ' 'lJ 

m~tl'11'J ru 'll'U1Vll'111lJtJ11 (1'111lJtJ11\Jl'1e:JV1'11~1 : TL) ~1\1 11viti1-ffbtl1LLn1lJ FiSAT II (FAO-

ICLARM Stock Assessment Tools) (FAO, 2006-2016: Web-Site) 

lil1nt!'U~1L 'U'Um1m1 L tl1ti'IJ L Viti'IJ5m1m1L~'\J L\Jl1t'Vl11'1 L ~Pl LL'1t1t'V!l1\1'1~e.il'111i1 
1'111lJ LL\Jl n~1\l tl'U'V!~e.l hJ1viti1-tl'15m11 Lm1t~l'111l.JLL tl1tl11'U~llJ ANCOVA (Analysis of 

covariance) 

3.4.4 n 1,-f\1 n'l!t1~1'W111 i1 L\Jl tJ~'Vl 1.:i-w ~ 1 \Jltl1'::'t11n,- n11~ ,:i,-::~'l.J m,-vi 1 m,-tJ,-::11.:i~ 

L V1111::~11"1JeJ.:itl~1'Vl u~~::~Qitif'l L 'Uti11 l vm 
'lJ 

tl1tbiJ'UeJ\Jl11n11\Jl1tJ11lJ (Z) 'lle:J'ltl'11'JL-tl'15m1'lle:J\l Hoenig (1982: 1-10) tl1tbiJ'UeJ\Jl11 

m1mtJ 1vitiu11lJ•1n&i (M) mlJ15m1'lleJ\l Pauly (1980: 175-192) 1vitim?i'tifi1m1l.ltJ11'1\l'1~ (Lex:) 
'lJ , 

fi1~111fa\Jle.i{m1L&i'IJ L\Jl (K) LL'1t e.iruV1.niJ'lJe.i\IJ1 (T) L~e.itl1tlJ1rufi1'1l.ltl1t~'VlBm1\Jl1tJ1'Uu11lJ•1n&i 
' 'lJ 
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(M) bb'1~U'j"~biJ'UeJ\;l'j"1fl1'j"t'11EJL~Em1Tvl1fl1'j"'\.h~lN (F) L~E.Jfl1'j"'1UeJ\;l'j"1fl1'j"tJ11EJ'j"1~ (Z) ~1E.JeJ\;l'j"1 

fl1'j"\;11E.Jb'U'5'j"'j"~'1f1~ (M) 

'l1 m!'Wi bFJ'j"1~~"1l'W1~ bb'1 ~tJ~~1 ru~ b V1~1~'1~6'11V1-ru n1'j"Vhm'j"'\J'j"~~\l'\Jm'V1 bbl1i 
" 

'1~'1~ari~1b U'Ufl1'j"i bFJ'j"1~'Vl1~EJ fam11~1Yl1'j"1fa\;la1m'j"b~u L\;l bb'1~fl1'j"\;11EJ L U'UeU8lJ'1i11 Li1 L ~a 

L tJ~E.Ju b ViE.Ju~'1~u11iaV1tl1 EJ'Vl~ LL 'Vl'W~ LL'1~~1'1~1.fl1Yll1iaV1tl1 EJ'Vl~LL 'Vl'U~ 1~EJ1 otlLL uu~1'1a\1"1Ja\I 

Beverton and Holt (1957: 1-533) L~EJ~'UbLU'j"Fl"J1~EJ11LL'j"n~uLL'1~U~~1UJfl1'j"'1\ILL'j"\l\11'UU'j"~~\I 

1~m1~aBu1EJ~'U\;18'U8~1\1'1~LBEJ~ b 'UU'Vl~ 6 



d 
'U'Vl'VI 4 

n1'jAn'~1af111::V1~cw'-'1n-·aufl1V1::bfl l 'Uei11 L 'VI'-' 

4.1 f\'1'111 

m1~~B,m11'Vl-rvm1 m'Vl1\l'Vl::: b'1'1JB\I fa fl~ b ~~~1 fl~'U61\li:.J'11 ~bnvim1~11'1 m1\l~mM v1nu 
'V 

61tn'Wfl1Y1'1Jm'Vl-rvrn1m~\lfl~11 ih1v\11'Wn\11:::~u m11ii.J1:::1v"1Jtl'1Jv\li.J'11'Vl::: L'111 61 ~ Bfli.J'11'Vl::: L'1 

n\l~BV'1::: 30 '1JB\161~BflD'11~\I fafl 1~'1fl 1ii.J1::: Lv"lltlbfl'Ufl1~\lfl11i:.J~l'l '1-1~€! bfl'U1:::~'Ufl11vl1fl11 
'V 

• I d 1· I II "" II 0 • I .. .,, .... d .. 
u 1:::~\l'Vlb '\-1~ 1:::61~ (Overfishing) u bb'11 bb'1:::B mB v"'::: 5 7 ~ fl'Vl 1 fl11 u1:::~\I bflB'U '1\11:::vi'U'Vlbfl'U 

fl1~\lfl11i:.J~l'l (FAO, 2012: 1-209) ~\l,r'U fl11vl1fl11~b-U'1hLMv1n'Ua'Vl6Y1'1'1JB\lfl11D1:::~\l~B 

'Vl-rY1v1mi.J1:::~\I Lb'1:::Y1'1ll'l'lJB\l'Vl-rY1v1mi.J1:::~\I m11~-rufl11m:::'l-1i1fli11i1m1~~1~'Y~Bm1 

'U~'\.111~vifl11'Vl-rYI V1 mi.J1:::~\I ~\I 1 'U1:::~'U~'U~'1J'W1vi b~ fl~\I bb~~'U~'l11ml1'1JB\I bb~'1:::i.J1::: b 'Vliil 1 iJ 

'1'Wn\11:::~'U~'W~'ll'W1vi1 'l-1ajzj\I b U'U1:::uufa 1iii~ fll1\lfl11'l11'Utl1'1JB\I bb~'1:::i.J1::: b 'Vl\31 (Tremblay-Boyer 

111"' .1 """"' et al., 2011 : 169-185; Conti et al., 2012: 1-12) fl11b'll1 '1'1\l~rnm:::'Vl'U'lJB\lfl11u1:::~\l'Vl~l'lB 

'11'11tl11'W1:::~'U~'U~'lJ'U1vi b~ fl '1 :::61\1b61~~fl11~ vi fl11'Vl-rYI V 1fl11~B ~ 1\li1i.J 1:::~'Vl5fl1YI 1 'W 

'lJru::: b~V1 tl'U fl11b -LJ'11 '1 fi'li:.J'1 m:::'Vl'U'lJB\lfl11D1:::~\l~B'Vl-rYI v1m'11'11tl11'U1~'U'Ufa1ii!tl'1J'U1vi1 'l-1aj 

'1:::611~11'11tJ'1tYVn\11D bb 'U'U fl111'1B'U61'U B\1'1JB\11:::'U'UtJ b 1 iii~i1~v1:::~'U fl11vl1fl11i.J1:::~\I ~\11 'Ub :a\I 
'V 

~'U~ (spatial) bb'1:::1'Ub:U\lb1'11 (temporal) (Conti et al., 2012: 1-12; Pauly, 2007: 290-295) 

-eh11 'Vlv bU'U1:::'U'UtJb1iil'Vl1\l'Vl:::b'1'1J'U1vi 1 'l-1aj (Large marine ecosystem) bU'W61m:afl'lJB\11:::'U'U 

tJb1iil'V11\l'Vl:::b'1'1J'U1vi 1 l1qJzj\lijBtj 62 1:::'U'UtJb1131vf1 L'1 fl bb'1:::'UBfl'11fl.Q' eh11 'V1VEJ\li1fl1~\li:.J~l'l'Vl1\lfl11 
i.J1:::~\161 \1~1 fl ~vi B v L 'U 5 eJ'U ~'U61\161 vi'1Jm1:::'U'UtJ b1 iil'V11\l'Vl::: b'1~i1 n1~ \I fl11(:.J ~ l'l'Vl-rYI m mi.J1~lN61\I 

\I \I \I " \I 

(Christensen, 1998: 128-142) 1'WtJ YI.iii. 254 7 i:.J'1i:.J~l'li.J1:::~\l'Vl:::b'1'1JB\11 'Vlv~1~'11flfl11~'Ui1i.J~mru 

n\I 2.6 x 10
6 ~'W zj\lbU'Ui:.J'1i:.J~l'l'11flB111'Vlv~Bv'1::: 68.5 ~bl1~BbU'Ui:.J'1i:.J~l'l'11fl'Vl:::b'1eJ'Wvi1l!'U 

(Lymer et al, 2008: 1-51) bb'1:::boU'Ub~V1tl'U1:::'U'UtJb1iil'V11\l'Vl:::b'1'1J'W1vi 1'l-1aj~'U1 i:.J'1i:.J~l'li.J1:::~\1'1JB\I 

8111 'Vlv'1vi'1\IB~1\I~ m~B\l Lvi moY11:::i.J'11'!-1-U'1~'U i:.J'1~'U~B'l-1U1 Vfl11'1\I Lb 1\li.J1:::~\I (Catch-per-unit 

effort, CPUE) '1JB\leJ111 'VlV'11flfl11~111'1 Lvimfl~miivi.J1:::~\IBJ'U'11fll1-U'1~'U'1vi'1\1'11fl 298 nL'1fl-r~ 

~v-&'11~'11'WtJ Yl.131 . 2504 '1\1~1b'l-1~B '11fl 20 nL'1fl-r~~v-&'11~'11'W-d1\l'l-1~\1'11flU Yl.131. 2533 

(Stobutzki et al, 2006: 130-142) B~1\111nm~ Yl'U11i1LL'W11-U~m1L~~~'W'lJB\li:.J'1~'U'Vl-rY1v1m 

i.J1:::mb~ fl-W'B v 1vimoY11:::i.Jm'!-1-U'1~'U 'l-1~\1'11fl~~1'Wfl11'1vii.J~~1ru'1\IB~1\1~1fl 1 'WoU1\IU Yl.131. 2523 

zj\1€11'1 b U'Wi:.J'1~1'11fl61B\li.J1::: L~'W~B '11fl m1~1L'W'Wm1~vim1i.Jw~\l1 'W~i.J Lb 'U'U~1\I 1 'lJB\I m~i.Jw~\I 
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vh1~\·1-S'vm1mtJ1~:u-:i~'W\911:ft''W (Lymer et al, 2008: 1-51; Stobutzki et al, 2006: 130-142) 

'Vl~eHJ1'1 bfilil'11 n m1 b tJ ~ CJ'W'llillil~~1J1 b u1V1m CJ'lleN'IJ11tJ1~:u-:i'11 ntJmV1-U'1~'W m b U'WtJ~1~1J1 
~1:U1Ubb'U'U~~'W1m1tJ1~:u-:i1 mi~~~~1'W:U1'1leMei111 vrn (Christensen, 1998: 128-142) ~-:i'1'W~-:i 

" 
nci111~11~~'1Ja-:im1b tJ~ CJ'Wbb tJ~-:i'lla-:itJ1~'1J1ri:utJ~ 11 'W ei111'VlCJ~-:i~~~am1:u~'Wm'W1 'W~~~'UtJ~1 

'Vl~ b~ m1 bu~ CJ'W bb u~-:im~n1u bb 'U'U~ bb il'Wa'U bb~~~'Uia'W bb~6'11:u11ria5'U1CJ 1~\il CJaiPi'CJm1:u b .rr1 h 
" 

1 .., .,i.,. ~ JI d "" :;: ""' d "" 1 "•I 1 ' 'WTim~'lle:J-:in11U1~:U-:i'Vl:UeJ~ b 'WTI'W'Vl'1Ja-:i1~'U'U'Wb1131'W'W 1 :U'Vl~1CJ11CJ-:i1'W'Vlbb6'1\il-:ifl-:in11 '1J u1~ CJ'IJ'W 

~bfi'Un1~-:i~~~'1Ja-:i'Vl'S'TICJ1mtJ1~:u-:i (Overexploitation) 1'W'Vl'S'TICJ1mtJ1~:u-:im~\'ari~1-:i1~-:ib&'l~:u 1 ~ 

bfililn11b tJ~ CJ'W bb tJ~-:i'1Ja-:itJ1~'1J1ri:utJm 1 'Ww CJ~ CJ111 'W'Vl~1CJ1~'U'Uilb1131'Vl1-:i'Vl~b~ (Tremblay-Boyer 

et al., 2011: 169-185; Conti et al., 2012: 1-12; Christensen, 1998: 128-142; Hyun et al., 

2005: 382-389) bb~~'Wan'11nd~-:in11CJ-:i1'U~-:im11itJ1~1CJ'lltl'11ntJ~:u1ru~~~'UtJ~1'Vl~b~11CJ'1Jillil 
V1~a11CJnci:u 1 mh-:i nm 11ilb 1~1V1~-:i ~?11:u11ri 1 otlb ll'W\911~1'\il (Indicator) ~1Vlfo m1~11'16'1B'U'Uan 

' 
b'Vl~~-:iw~um1~a'U&'l'Ua-:i'1Ja-:itJ1~'1J1fl:utJm~mb1-:inlil~'W'Vl1-:im1tJ1~:u-:i1~ (Conti et al., 2012: 1-, 

12; Hyun et al., 2005: 382-389; Pauly et al., 1998: 860-863) 

ia:u~b~CJ1tl'U~~~u bb~~tJ~:u1rum1~-:ibb1-:itJw:u-:i1'W-eh11mJi1m~-:ibb~lJ TI.131. 2503 '11nm1 
" 

~111'1 bb~~-rra:u~'11nb~elad'W~1nTI1tU'IJ~ (Pauly, 1979: 1-35) n11~11'16'1B'Ub~1Wl-:i~~~'\JU~1 
" 

'Vl~ b~ 1 'WtJ1~b 'Vll311 'Vlm~:um~-:ibb~lJ TI .131 . 2514 bb~ m1~1 b il'W-:i1'W~-:i1~l1tJ1~~'Vl6fl1TI b vl1~ri11 

~-:inci11~-:inm1:u b ll'W1~uu 1~ bu CJ um n:ft''W bb~~?11:ui1ri~1bil'Wm1bnuia:u~1~a~1-:iri1auri~:u'Vln 
" ' ' 

vl1b~a1'W~-:i'Vl1lil~1-:i 1'1la-:itJ 1~ b 'Vll311 'Vl ti~n a1 ru1 b '1l ~ ~ lil'Vl~ b~ ialJ~~1~'11n m1~111 '1dtJ1~ na'U~1 ti 
ia:u~tJ~:uirum1~'UtJ~1 bb~~a-:if'itJ1~na'U~~~u zj,:iia:u~~-:inci11?11:u11ri1-tl'1bri11~~~1ri11:u 

" " 
bb thth1'W bb~~bb'W11-U':u'1Ja-:im1v11 m1tJwm bb~~~-:i?11:ui1ri 1-tl'tb~ 1ti'll'W1~~a 1 tJ1 'Wm1mlilm1ru 

6'1fl1'Wfl1TI'lle:J-:itb~'IJ1f1:UtJm1'WB'W1f1~ (Conti et al., 2012: 1-12; Hyun et al, 2005: 382-389; 

Vivekanandan and Krishnakumar, 2010: 380-387; Jutagate et al, 2012: 35-53) b~a1~n 
o "" 1 d d .., "' 1" •I • Id •I .., m11i11 b 'W'Wn11 lil 1'Vl bnCJ1nu m1l31m~1 bb 'W1 'W:U ~ u bb'\J'\J m1b u~CJ'Wbb u~-:i'1Ja-:i~~'1'U'\.J~1 bb~~m1 

b tJ~ ti'Wbb tJ~-:i'lJa-:itJ 1~'1J1ri:utJm 1 'Wei111 'VlCJ:u1na'W m1?i m~nri~-:id~-:il11~ ritJ1~?1-:if'ib ~a~11'1?1au 
' 

m1:ubb tJ1tJ11'W 1 'W1aulJ'1Ja-:i~~~utJm11CJ'llillil V1~a11CJnci:u Llilti1iia:u~~~~'U1~CJ~CJ11 bb~~b~a 
' " 

~1b il'Wm1~1il~tJ bb '\J'U'lla-:im1b tJ~ CJ'Wbb tJ~-:i'1Ja-:i~~~utJ~1'Vl~b~ 1 'W1~ti~CJ11 ~~m1Pim.fl 1 'Wri~-:id 

?11:u 11 fl~ '1 ~'1i1m~-:ini1'\.J 1~bil'W?I.fl11 ~'ll a-:i ni 1v11'\.J 1~:u-:i1 'W ei111 'Vl CJ bb~ ~ ~-:i'li1 CJ b ll'Wi a:u~ 
" 

tJ1~ na'U m1\911i1~'W1'111-:i bb~'W bb~ ~m1~ \il m1tJ1~:u-:i1 'WB111 'Vl CJ1~a ~1-:il1tJ1~~'Vl6.n1TI~n~1 CJ 

(Ba is re, 2000: 1-26) bb~~'11no11:u'IJ1~'1Ja-:im1tJ1~:u-:i1 'Wei111 'VlCJ~1~l1m1b~an~u~~1J1'1JillilV1~-:i 

'1lillil11il (Christensen, 1998: 128-142) ~-:i'1'Wia:u~'11n~~~utJm'11nei111'VlCJ~-:ibtl'Wbf1~a-:itl-:i~~ 
" 
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LL?1~-:ifi-:ii;rn~ru~6lleNtJ1~'111Fi:J.JtJm1 'UB111 vmhi' LllmJ ~1-:i~ e..1~~1nm1~n~11 'LIFi~-:id?11:1.J11'11m 'LI 

m1~~'U11tJ LL 'U'U6llv-:i m1'U~vt11~ ~ m1'Vl-rvHnmtJ~1'Vl~ L~ 1'LI-eJ111'VlE.J1~v~1-:ii1tJ1~~'V16.fl1~m n 
'IJ 

4.2.1 't1~-llvim 
• 'IJ 

tJ1~"ii1lJ6llm m:J.JtJ1~:1.J-:izjm~v-:i "?1~~m1tJ1~:1.J-:i LL ~-:itJ1~ L 'V11'311 'V1E.J" L lJ'U.rrv:J.J~~1 nm1~111~e..i~~'U 
'IJ 

'Vl-r~E.J1mtJ1~:1.J-:i~1n 16 ~-:ivt1'~1eJ'UeJ111 'VlE.J m1~111~ 1-ti'LLe.J'Uf111?i:J.J~1eJ~1'1Lb 'U'U Stratified • 
random samplino 1'Uf111~111~ 3 1UbbtJtJ~eJ f111~11TOJ1~E.J15?t:J.J~U:!.J f111~111~e.J~e.J~l'lvtl.JU1'U 

;::, \I , " 'U 

tJ1~:1.J'l'Vl~b~ bb~~f111~111~tJ~:J.J1f.1Jbb~~:J.J~~1'11'11tl1 ru vi1~'UtJ~1tl1L~:J.J (Fishery statistics 
'IJ 

analysis and research group, 2010: 1-145) ~1vt-r'Uf111~f1~11 'UFl~-:Jde..i~~'UU~1'Vl~b~11E.JlJ 
"ii1bb 'Uf1blJ'U11E.J'1Jti~vt~eJ11E.Jf1ci:J.J b lJ'U'1J~-rreJ:J.j~~1~:!.J1~1f111E.J'l1'Uv1'1f1ci11~'lbb~lJ ~.1'31 . 2527 fi-:i 

' • 'IJ 

2552 (Lll'U'11~.rrv:J.J~~~m~v-:i 26 lJ) .rrv:J.J~v1-:inci11'11m~~L~E.J-:il'11:1.J1tJLLtJ'UbLm LL~~FleJi;rm11'LI 
" 'U \I " 

LLm L ll'U'11~.rrv:J.J~J1vttl' f16ll v-:itJ ~ 1 LL~~ ~'11ii ~11 E.JlJ ?i1'U 1 'LI Fl eJi;r:J.Jtl L lJ'U'11~.rrv:J.J~tJ ~1~"ii1 LL 'LI m lJ'LI 11 E.J 
, " , 'U 

' 
'11ii~ vt~vnci:J.J m:J.Jm~Vi 4.1 • 

670 
107350 35807 9773 2183 45589 35644 25667 17174 
9~§2~---:~-109-26 12467 24_81_ . 464()4 43976 . ~:J947 17392 _____ __;_sz?o: : __ : __ 

104039 37611 13110 3497 63877 32477 41842 17580 22978 
99535 20221 13319 4118 91620 49869 14016 19907 44465 ' 11931 
103471 --- 2aooo ____ 1039:s-· 4181 sos<:f6 ____ 4435o __ ,_1726:J 19749 42043 +--i2a63 __ , _ 

78279 221?§ ______ !)_9_2_~-- - _5531 ___ , __ l_Q!_~!l_z__~__!._0§_!6__ 13884 38841 i 19972 . 
64156 -· 17849 7549 5640 • 79227 . 58763 : 22747 i233s -----:i-s9is--·---i54si 
96598-, -31577-· -9414- · :s.sso - ·-722n-- 84887- 4 2525 -·· 1ao67 --42s-:3i ___ 21851 

76997 35986 11085 ' 6010 ' 39396 67402 _ _46_186 --· ___ 1_~~8_1 ____ '.'\_?~~'.'\ __ 1958_1 
a2021-- · scIB9s----9904-:r- ;.352----:32006 67827 _ , 38394 ' 20809 5561_6 37080 
112280 -- 45338 - - 10660- . 9897 - . 38824 - 4812l-----54&\i --:- 9n-3-- -47~56 -' 36449 

- 92765 ___ ill:iif . 9360 - ·--274-c . -32347 ___ 47125 ' 52648 ___ -5217 44365 - ·--24-533 
9162T . ----i-9-276 - 8875-, 27-is-- ----2912i -- -42557 4 749-9- ·- 4627 41356--. - --22188 

1Q?0_83 19393 9480 4724 34805 44027 57893 ?2~~ ____ } 559_9 . 2~_!l_31 
125175 9B26--- . 6598 45818 56888 56461 . 73_!4 _____ 35668 _, _ 25_~§§ ____ _ 

30831 29075 

cl ., ... ., "'tJ ..!/., ... .. ..i g ., 
.fl1W'VI 4.1 f11~;) ~ L "HNl"IJ elJJ~UJi'!;)tJ i'11'Vl:!Li'1'11'Vl~tlf11~1 L~~1:!'VI LW elf11~1"1 met1~.fl11:!'Vl~WV1n~tli'11 

'Vl:!Li'l L'UeJ11 l'Vlv 
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4.2.2 m-af'l1'U1wfi1fl113.1bbtl-atln'U"lle:J.:i~i'r~u 

fl';rn.JbbtJ1tJ11'\.J1~ti~ti11 (e..i61~1\lbU~tJ"tle:J\lm1mbtJ1tl11'1.J1'1.J1au 26 lJ) ?11m1'1 

~11\l?fB'IJ1m~ti1.ff~1JtJ1~~'VlBm1m~\11tJ (Coefficient of variation, CV) "tlB\le.J6l~'IJUm'Vl~b6lbb~ 

61~"1jij~/f1~1J 1'1.J"li1\l'a~tJ~L'H'i1~~1b'U'l.Jf111~f1~1 (Yi.Pl . 2527 '1-:i 2552) L~B~1'\.J1filrl1fl111J , 

~'UbQ~tJ (~all) (~1b'W'l.Jf111bLU61\lrl1~\lflli11tJ 61Bn1~uiJfl~1'\.J1511lJ"IJ1~, ln) "1JB\IU611bL~61~"1jij~/n~lJ 
'\J "' ' 

L ~a ~11 \l?f B'U fl11lJ~lJYi'l.J 511 L lJ 'l.J1 tJ1 '\.J~ n~ru~1~ Lb61 ~\I ~?f1lJ11'1 LL D\I n~lJU611~1lJ1~ ~'IJ 
' 

m1lJ~lJYi'l.J6~.:in~1111i1'Vl~B hJ ~1'\.Jfl11lJ Lb tJ1tJ11'\.J1~tJ~~'\.J (e..161~1\l"LJB\le.J6l~'IJ1~V111.:ill) i!'\.J 11i1 

~1L'D'l.Jn11~1'\.J1ru 2 fi1 ~a fl1fl11lJLLU1U11'\.Jb~tJ\;11\I (Absolute variation, U0 ) tl'Ufl1fl11lJ 

LLU1U11'1.JLYitJ'IJL~tJ\I (Relative variation, U,) zj\li1?tm1'1.Jf111~1'\.J1ru ~.:id 
'\J 

U = ldyl = 100 x meanly; - Yi-! I % 
a (4.1) 

y y 

y = fi1Lu~tJ"tl'El\le.J6l~'UtJm'Vl~b61 ('1l'W~~Yl\111ru1) (;161B~"li1\lb1611~~n~1 

Yi LL61~ Yi-l = e..!6l~'IJU611'Vl~b61 ("1J'U~~Yl\111ru1) 1'1.Jll~Yl\111'1.11 LL6l~e..!6l~'IJU611~\lf1~11 

1 '1.JUrlB'\.J'V!tJ1if 

(4.2) 

I .J I I I QJ .J el I tJ d 0 ,. 

r = fl1 L061 tJ"tJB.:lfl11lJ LL\;l f)(;l1\11~'V!11\lfl1 e..161\l'IJ'Vl LL u61\lfl1LL611 61l\lfl1'U1 ru ~~ tJ?flJn11 
LI I 3 .d 
~1'\.J611\l'\.J (?flJf111'Vl 4.3) 

n 

r = Illog 10 (y; /Y;-i~/(n-l) (4.3) 
i=2 

' 
n = "1i1'lnmYi~1b'U'l.Jm1~n~1 
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.q ~ ,.., 

4.2.3 n111bfl'31~'Vlbb 'Ll'h 'l.111 

m1iLfl11:::-MLb'U11 ifll'lleJ.:J~'1~'U'Lfrn11vtJ1:::v:::b1'11 26 tJ 'W'111ru1 LfltJfl11th:::vntn1-tl' 
' 

an~61'1JtJ1:::~'Vl~61'Vl61'1JYr'U5bb'U'U'1blJtJ{LL11'U (Spearman rank correlation coefficient 'Vl~eJ 

Spearman's rho 1-tl'61't1Jt1Ji;rn~ru r5 Lll'U15vfli1fll'l111J61'1JYr'U5w'Vl11.:i~1LLtl1 'Vl~ei-Um~'1 2 ~fl LfltJ 

~~1bbU1 'Vl~eJoLJeJ1J'1 2 'llfl,!'U eJtJL'U1U'lleJ.:JoLJeJ1J'1b'UlJ11'111~fleJ'U~'U (Ordinal scale) h1~d-U'ei1J'1 
'V , 'V 'V \I 'V 

., ., ., .,I -fl "' ., :'I • I ..,. 'l ..,. .J "' .,I -fl " 
111\J111'1fleJ'Ufl'U'llfl'Vl 1 b u'U'1JeJ11'1'1JeJ.:J~'1'1'\J11tJ u'1JeJ.:Ju'11'11'Ufl ~fl'll'Ufl'Vl'U.:J bb'1:::'1JeJ11'1'11fl'Vl 2 b u'U'1Jell.J'1 

, 'V 'V , " 

0 
., .,I :'I ~ ':'I .,I -fl :'I .,I .f1 :'I .,I 1· I "' -fl :'I .,I '11fl'U'Vl'1JeJ.:Ju tn.:Jbbtnu'Vl 1-26 (Yi.131. 2527 bu'Uu'Vl 1, Yl.131. 2528 bu'Uu'Vl 2 ulil'UCl.:J Yl.131. 2552 bu'Uu'Vl 

26) LL'1 :::'Vl1 m:::'Vl11.:i~v11 L ti'U m1tn 11 '1 aeiu LL 'U1Lif11'1Jei.:i ~ '1 ~utJ '11'11ii fl bfl'lliiflwd.:i LL'1 :::Y1u11l1 

LL 'U11if11~ L tJ~ tJ'U LL tl'1.:i m1'1:::~ fl~'U 1'111 LL 'W11if11~'1 ~utJm'11iifli!'Ui1 m1 L tJ~ tJ'U LL tl'1.:i'1 ~ \l'Vl~ei hJ 
a11111citn11w1eiu Lb'1::: ~fl~'W1'11~fltJ n111"1'1'U1 ru LL'1:::L tJ~tJ'U L Vi tJ'U~1 r 2 'Vl1 n~1~.:imh1'1JeJ\I 

s 

~tJ LL urnL 'U1 L if111fli1~1111n~~fl ~fl~'Uh 1~11 LL 'U1 L if11m1LtJ~ tJ'ULL tl'1.:i'1Jei.:i~'1~'\JtJ'11"11tifli!'U 1 
.f1 1· I • I .,i.,, I .,i.,, I .,I d I 0 1 " ,, I 

bu'U u\J11l.J~ubb'U'U'Vll.Jfl1 r,2 'Vll.Jfl1~\l'Vl~fl 61!.:Jfl1 r,2 fl1'U1'1.t fl'11n6111fl11fl1'U'11\I 

(4.4) 

n1 Ltl'U'11'U1'Utl1'Ubb'U11if11~ 1 

r 1 Lll'U~161'11tJ1:::~'Vl~a'V!61'11Yr'U6LL uumtJv{LL11'U 1 'ULL 'U11 if11~ 1 

.f1 0 ~l'l 1" .,I n2 bu'U'11'U1'UUb'Ubb'U1 'Ul.J'Vl 2 

r 2 Lll'U~161'11tJ1:::~'Vl~a'V!61'11Yr'U6LL uumtJv{LL11'U 1 'ULL'U11 if11~ 2 

n b tl'U '11'U1'Utl~\l'Vll.Jfl~v11 b ti'U m1Pi n~1 

4.2.4 n1'3~flatJ bb 'U'Un1'3b tl~f.l'Llbb tli'!-!!"llt1-!1 ~i'l~'Utli'11'Vl~ bi'! 

m 1~fl1tJ Lb uu n11 L t.J~ tJ'Ubb tJ '1 \l'lJ €!\I~ '1 ~'Utl'11'Vl::: L'11 'U -eh11'Vlvtn1111:::tJ:::L1 '11 
" 

(Temporal) a11111cim:::vh1~~1vm1~fln~11 (Clustered) 'lJeJ.:JUYl.131. ~i1eNl°itJ1:::n€l'U'1Jt1.:J~'1~'\J 

tlmfl~1tJfl~\ln'U1~€l~L'Un~11L~tl1n'U LfltJfl11~fln~111m5m1 Self Organizing Map (SOM) 

(Kohonen, 2001: 1-501) L ~ei.:i'11ni6m1~.:in~11 b U'U15m1~i1tJ1:::~'Vl6fl1Y1 b 'U m1i Lf111:::-M-U'€l11'1 
" 

'1J'U1flb'VlajL~€lfl11~fln~11 (Kohonen, 2001: 1-501) 15m1~.:in~11Lll'Ui6~-Uv111-tln'U1fltJ~11t.J 

mi:::i1~'1'11b ~'1~\l b 'U fl11~fl~t.J bb 'U'U bb'1::: bb61fl\I ~'1'1J€l.:JoLJ€ll.J'161n ~ ~'1~'U61' tn1tl1~l11::: tJ::: b 1'11'\.J 1'\.J (~\I b 'U 
" " " 

A ' I ~ ~ A ' I.I dc:ii CV I.I I CV d I 

1:::uu'Ub1131'U LL 'Vl'1\l'U1'1fl LL'1:::~:::'\J'U'U n 131'\.J'Vl::: L'1) LL'1:::'1J€l11'1'Vll.Jfl111161l'U61!€l'U LLtn v.:ifl.:i11m111 Lbtn n m\I 
" 

tl'U (Conti et al., 2012: 1-12; Hyun et al., 2005: 382-389; Jutagate et al., 2012: 35-53) 
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1fim1 SOM ,!t1i.h~rn:iu~1CJ offt1oV'a:iJ'1'l11boV'1~tJ1~rn:iu:fft1:iJ1'11n-Hil1CJ~1av1-:i bb'1~ 
" 

offt1oV'a:iJ'1~·rn~vni~tJ1~ nau:ff t1'11 n m1b~CJ-:i'1°1~u'Ua-:iV1il1 CJ~1a v1-:i'Ua-:ioV'a:iJ'1'l11 b .V1 1 t11'\.J bbtJU 
" " " 

1'1111-:J?le:J-:Jij~ zj-:JoV8lJ'1'l11 b oV1 bb'1~oV8lJ'1 ~'1~~Vi~a~-:i nti1~~1 m•htl1V!'U n (1 'IJ1'1Jrl1 b1 fHl'l ai 
" " " 

(Vector) ~f11t11ru1~'11nm1~1b-Ut1m1'1Ja-:i1tJ1bbmlJ (Kohonen, 2001: 1-501; Lek and 

Gueoan, 1999: 65-73) 1 t1m1~m~1A~-:id oV'a:iJ'1~'1~utJm1 tibb~'1~"1lii~ (bb'1~n~lJ 1 timru'\.J'11b'1CJ) 
::i " , 

' ~I "" 1 " o 1 ., ~I ' .J ~I 1~V!11-:J1~CJ~b1'11 26 u (~.131. 2527 tN 2552) ~tinfl1V!'IJ~ V!but!b11'lbl'l81 x; (Vector x1) 611-:Jbu'IJ 
" 

b1fl bl'lai'l11L oV1 ( offtioVe:JlJ'1'l11 L oV1) 1 'IJ nWU1'1Jfl11~1 L -Utifl11'1J8-:J SOM V!~-:J'11n,Y'IJ 1~UU'U8-:J SOM 
" 

'1~~1L-Wt1m1~m1-:i"11~'1Ja-:ioV'a:iJ~'l11LoV'1 (Vector x;) 1~11:iJnmlJt1"1l~"Ua-:Jb1flLl'laiLL?1~-:i~~ (offti ' " , 
oV'a:iJ~~~~~Vi) V!~nm1v11-:i1t1"Ua-:im~u1t1m1 SOM ~am1LLCJnV!lJ1~V!lJ"Ua-:iL1ALl'lai'l11L-V1 

" " 
(Input vectors, vector x;) bb~~bb6'1~-:J11CJ'1~L~CJ~ (Described) '1l~.Vm,i~1mL~'IJ~~~~~Vi~1CJ 

1fim11'111'1?1au fl11lJ fl~ 1 CJ fl~-:J"U a-:i~1a6u1 CJ (Descriptors) zj,:i 1 ti m1?1 mn fl~-:id1~ LLn J1wu n"Ua-:i 

~~~utJ~1LL~~~'1Jii~ (V!~mL~~~nzj:iJ) Lna-Val,J~'ll~1~1 (Input vectors 1~ 1 ) i1fl11l.Jfl~1CJnt1"Um 

"11~oV'a:iJ~mn'1~nn'l11m~m1-:i11lt1V1il1CJ Vl~aCJiil'l (Unit) L~CJ1nt1 V!~a1n~L~CJ-:inti LL~~Lna"1l~ 
't \I " \I , 

oV e:JlJ~ LL~~ ~"1! ~ij fl11lJ LLl'l n ~ 1-:J n 'IJ tl '1~tin~m1-:J 1'IJCJiil'l~l·h-:i1n~ntiaan1 tJ l'lllJ LL~ rl1'1J €1-:J fl11lJ 
" , \I " 

SOM LL~1 ~-:i~1L -Ut1m11 Lfl11~~nzj:iJ (Clustering) '1Ja-:ia-:if1tJ1~nau~~~utJ~11 mL~~~tJ '1°1'1JTU 

26 tJ ~1~~~LLU-:Jfl11lJfl~1CJfl~-:i1-fo~11~CJ SOM 1~CJ1mfi Ward's linkage method ~1Lii'Wfl11 

nul'i1-U'al,j~'l11aan'11n SOM ~-:in~11 ~-:idrn1~~~-:i 1 tJ1LLml.J SOM \1 6'11lJ11'1~11LV!~~1~~L1'\.J 
16111'1 www.cis.hut.fi/projects/somtoolbox (Vesanto, 2000: 40-49) fl11lLfl11~~-U'al.J~ LL~~ 

" 
fl11LL6'1~-:i~~m1~m~1~-:iV!lJ~1t1m1?im~1fl~-:JtTlittJ1LLmlJ R (R Development Core Team, 

2009: Web-Site) L lJti 1tJ1LLmlJV!~n1 t1m1~1L -Ut1m1 1~mu~1~m1iLm1~~m1lJfl~1CJfl~-:J 

(Analysis of similarities) L~am1'1?1au11m1:iJLLl'ln~1-:in'IJ'1~-:i1~V111-:in~l.J V!~Bfl~?ILl'lai , 
(Clusters) ~1~'11nifi Ward's linkage method 1~~1Lii'Wm11~CJ1-tl6'1~~ ANOSIM '11nhM 

(Library) 'vegan' (Oksanen et al., 2006: 1-264) zj,:i~1Lii'Wrn11~CJ1tJ1LLn1lJ R 



• 
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4.3 ~~m":iAn'li1 

4.3.1 fll11~bb 'lh'lhTU bb~:::bb 'U'J b i.i~'tlel.:J~~~'l.Jtl~1 b'Uei11 L 'V1V 

tJe:imnnn'1l.Ji..krn'1v (Other foodfish) bUtJn'1l.Jzj-:iih.Jmvi'libU'Ue:J1'Vl1":iL~bb~~tl~mru , , 

i.Je:i V'Vlm v "]"tl'Wvitl~tl'Ufi\1 e:i ~1 tJ n~l.Jdbb~1 tl'111'Ul'l":ie:J'Ufl1'1 Carangidae Sciaenidae bb'1~ 
Lutjanidae b U'Ufl":ie:J'Ufl1'1~~'1~1<an ("tl'Wvi) 'Vlmn'Vlmv~-:in-htl'111 tJfl":ie:J'Ufl1'1~'U 'l bb'1~tJe:im:nnd 
tlm 1 tJfl":ieJtJfl1'1 Engraulidae bb'1~ Clupeidae bUtJtlmfl":ieJtJfl1'1~~~'1~tJ~.:iffhtl'111 tJfl":ieJtJfl1'1 

~'U'l ('111J1":i'1~ni.;1":i1V'1:::bBVV!Lm'U l'l 1":i1\I~ 1) fl11l.Jbbtl":itl":i1'U":i~V~V11 (CV) "lleJ\1~'1~'Utl'111tJ 

B11 L 'VlV~A1e:iv1 tJ'ti1-:i~e:iv'1~ 15.53 - 146.16 bb~~1tJ 1 mu"lle:i-:iA1~-:in'111~~bm~n'1l.JntJe:iv1 tJ'ti1-:i 
\J cu 'I \J 

,, ( .,j ) ...... ' ' .1 .1 ' .,j .... 1 
":ie:JV'1~ 15 -81 1'11":i1\l'Vl 4.1 fl11lJ'1lJY1'U5":i~'Vl11 \I fl11l.Jbbu":iu":i1'U":i~V~V11bb'1~fl1b0'1V~'1~tlu'11 

(":i1vtl) 1'1'1eJV!":i~V~b1'11~~ni.;1 (A1~\IA~1'Un1":ibbtl'1\IA1~1V In-transformation) bb'1vi-:ih~L~'U 
" 

fl11l.1'1l.l~'UITT 'U'V11\1'1tJ (negative trend) bb'1~~A1'1l.Jtl":i~~'Vl6m1l.l'1l.J~'Ufi~-:i (r = 0.62) ~1n 

m":i?i ni.;1m1l.l1'1l.l~tJITT tJfl~-:id '111n":i'1"il1 LL tJ ntlm~~tJ 1m tJ B11 L 'Vl ve:ie:i nm 1~lltJ'1e:i-:i~ ni;ru~~ 
LLl'ln~1-:intJe:iv1-:i-U'viL~tJ (m'Vl~ 4.2) 

rl1'Vl1'tJfl11lJLLtl":itl":i1'U":i~V~~'U (fl11l.lbLtl":itl":i1tJ1tJ'ti1-:itJ~e:itJ1~Lbrl Ua Lb"~ Ur) YltJ11 

" ~A1LvhntJ~e:iv"'~ 25 Lb"~ 28 mlJ~1~tJ bb"'~A1~-:i ~~m1lJLLl'ln~1-:intJe:iv1-:i~iJvrl1l'i'~'Vl1-:i'1~~ 

(t-test; oc < 0.05) 1viv Ur ~A1~-:in11 Ua bb'1V!'l'1-:i~"'~tJ tl "'1~~~\l~m1lJ~'U~1'UlJ1n:ffm~e:i~"'~tJ 

tl"'1~A1"'vi"'-:il.J1 n:ff tJ 

5.5 

LAC A 
PLS 

ln(CV) = 5.52-0.19ln(average yield), r = 0.62) 
• • 

4.5 

.,.....,. 
"' p. 

u 
~ 3.5 .. 

PAN 

• LIS • RAB 
2.5 

~ 
0.0 ~// 

0 1· fO 11 12 

h1(average yield) 

111-W~ 4.2 fll11~~~~'Ulh:::VirJ1\l~~~'\.JLO~V'tleJ.:Jtl~1Vl:::L~n'l.Jl"i1~~tl":i:::~'Vl~f'l11~~'ULLtl":i (OJ) 'tlel\I 

tl~1'Vl:::L~ 35 'tlilvi~~u1~-:v1nei111'Vlv 
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.)6 

12 

>. 5 10 

g. 8 
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• Ua DUr 

0 /,IJJ""--'-,_.-"--L....--"''"---'~_,_L..-__ --'--.-~~---~.--.__~~~_,_L., 

0 15 25 35 45 55 65 75 85 95 ·105 

Variation (%) 

... 
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nTmcw~m::'l1f!'Y.leNfl1111bbtl'ltl'l1\J'l::m:~\J Absolute (Ua) and relative (Ur) 'tleN~~ 

~utl~1'Vl::b~ 35 'tlilWn~11~~ul~'l1mh1l'Vla • 
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~1'l1-!I~ 4.1 iii'n~ru::V11.:ioti1thd'~ (Life history strategies; equilibrium: E, periodic: P and opportunistic: 0), an1'Wbb1~~e:i11~enA'a (tl~n 

~1tl1 (pelagic: P), tla1'VIU1~'U (dermersal: D) ~a~mu~a'l1a\J-w~e:i11~1'Ubrja.:ib'U'U111~'l_!1'U (standard deviation (SD), n = . ~ ~ 

\i1'U1'UtJVil..ij~1'U1W), a11tl'l::~'VIGn1'ln'l::'11a (coefficient of variation, CV) bba::~'tfi1fl1111bbtl'ltln'U'l:!a::a'U (percentage of 

absolute (Ua) and relative (Ur) 'llv.:i~a~utla1'tfil~/ml11~1.:i91'11nti111'Vla • 

Sciencetific name/group Abbreviations 
Life history 

Environment 
strategies 

Average yield ± SD (n) CV Ua u, 

Family Dasyatidae & 

Myliobatidae 

Rays* DAS E D 6,150.54 ± 2,749.34 (26) 44.70 25.59 26.07 

Family Carcharhinidae 

Carcharhinus spp. CAR E D 3,893.65 ± 2,319.56 (26) 59.57 23.52 23.41 

Family Muraenesocidae 

Muraenesox spp. MUS p D 1,646.12 ± 598.14 (26) 36.34 22.69 22.77 

Family Engraulidae 

Stolephorus spp. STS 0 p 111, 120.04 ± 21,872.32 (26) 19.68 10.22 12.06 

Family Chirocentridae 

Chirocentrus spp. CHS p p 4,858.42 ± 2,110.65 (26) 43.44 23.26 27.16 

V'1 
>--' 
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~1'j1.:J~ 4.1 liln~w::v11.:i1'i1thd'~ (Life history strategies; equilibrium: E, periodic: P and opportunistic: 0), a.n1'WLL1~~e:i11~e:i1A't1 (\J~1 

~htl1 (pelagic: P), U~1\1U1~'U (dermersal: D) ~~~'ULtl~ll'j1llU'W~t111a1'UL~ll.:JLU'U111~'j!1'U (standard deviation (SD), n = 

~1'U1'UU~L-ti~1'U1ru), ~1J\J'j::avitm'jn'j::~1t1 (coefficient of variation, CV) LL~::~'t1Ufl1111LLU'j\Jn'U'j::ti::N'U (percentage of 

absolute (Ua) and relative (Ur) "lle:J.:J~~~'UU~1'tlil~/n~11~1.:i91~1mh1lvit1 (~e:i) 

Sciencetific name/group Abbreviations 
Life history 

Average yield ± SD (n) Environment CV Ua u, 
strategies 

Family Clupeidae 

Sardinella spp. SAR 0 p 109,262.58 ± 23,915.87 (26) 21.89 12.02 12.66 

Family Ariidae 

Tachysurus spp. TAS p D 5,296.15 ± 2,454.47 (26) 46.34 26.37 32.12 

Family Plotosidae 

Plotosus spp. PLS E D 934.39 ± 1,270.91 (26) 136.02 74.49 52.23 

Family Synodontidae 

Saurida spp. SAS 0 D 36,723.81 ± 20,751.50 (26) 56.51 24.94 27.00 

Family Mugilidae 

Liza spp. LIS p p 3,378.39 ± 634.02 (26) 18.77 14.86 16.07 

Family Latidae 

Lates calcarifer LAC p D 269.19 ± 393.46 (26) 146.16 89.64 108.99 

\J1 
N 



• I .. , 

d OJ II d u 
"1'a1.:l'Vl 4.1 an~w::'Vl1.:i,;1tl-a::1~ (Life history strategies; equilibrium: E, periodic: P and opportunistic: 0), a.n1vnt1flaeJ1l'VleJ1fltl (tla1 

~htl1 (pelagic: P), tla1~u1~'LI (dermersal: 0) ~a:5'rnu~t1-a1atJ-wje:i11~1'LIL~t1.:ibU'Ll111"'a!1'LI (standard deviation (SD), n = . ~ ... 
'11'L11'Lluffiif'l1'L11W), ~11tl-a::a'Vlfin1-an-a::\11t1 (coefficient of variation, CV) bba::~'tfUfl1111Lbtl-atl-a1'L1-a::a::~'LI (percentage of 

absolute (Ua) and relative (Ur) 1rn.:i~a'1utla1'tfUfl/n~11~1.:141\11m:h1l'Vlt1 (~e:i) • 

Sciencetific name/group Abbreviations 
Life history 

Environment 
strategies 

Average yield + SD (n) CV Ua u, 

Family Serranidae 

Epinephelus spp. EPS p D 3,475.12 ± 1,742.49 (26) 50.14 15.53 21.53 

Family Priacanthidae 

Priacanthus spp. PRS 0 D 46,875.73 ± 24,947.79 (26) 53.22 16.42 19.81 

Family Sillaginidae 

Sil/ago spp. SIS 0 D 3,532.89 ± 2,277.53 (26) 64.47 27.17 30.11 

Family Carangidae 

Decapterus spp. DES 0 p 41 ,351.69 ± 20,921.80 (26) 50.59 21.21 33.71 

Megalaspis cordyla MEC 0 p 9,557.12 ± 6,499.02 (26) 68.00 30.98 40.63 

Caranx spp. CAS 0 p 37,419.27 ± 8,567.71 (26) 22.90 15.52 16.91 

Selar crumenophthalmus SEC 0 p 24,666.08 ± 7,788.74 (26) 31.58 18.76 21.62 

. . 

U1 
l>l 
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~1'a1~~ 4.1 ~n~ru::V11~~1thd'~ (Life history strategies; equilibrium: E, periodic: P and opportunistic: 0), anTVUL1fl~tl11~t11Atl (th;11 

~htl1 (pelagic: P), tl~1V1t71~'L! (dermersal: 0) ~~~'l.Hu~t1-a1t1th~~t111a1m~t1~L\J'L!111~'a~1'L! (standard deviation (SD), n = ... 
~1'L!1'L!tltl~fi'1'L!1ru), a11tl-a::aV1~01-am::'11t1 (coefficient of variation, CV) LL~::~'tiilfl1111Lttl-atl-a1'L!-a::u::N'L! (percentage of 

absolute (Ua) and relative (Ur) •t1t1~~~~\Jtl~1'tiilfl/n~11~h~ei'11nei11l'Vlt1 (~ti) 

Sciencetific name/group Abbreviations 
Life history 

Average yield ± SD (n) Environment CV Ua u, 
strategies 

Seriolina nigrofasciata SEN 0 p 2,930.04 ± 1,326.05 (26) 45.26 24.41 23.90 

Parastromateus niger PAN 0 p 3,082.35 ± 938.40 (26) 30.44 22.48 24.25 

Family Lutjanidae 

Lutjanus spp. LUS p D 5,937.00 ± 3262.15 (26) 54.95 29.58 34.17 

Family Nemipteridae 

Nemipterus spp. NES 0 D 52,259.46 ± 24,043.14 (26) 46.01 14.63 18.27 

Family Polynemidae 

Polynemus spp. POS p p 952.00 ± 617.25 (26) 64.84 38.18 48.05 

Family Sciaenidae 

Sciaena spp. scs p D 13,041.73 ± 9,960.03 (26) 76.37 18.99 22.87 

Family Sphyraenidae 

Sphyraena spp. SPS p p 5,116.77 ± 2,442.48 (26) 47.73 19.29 19.61 

ln 
+::> 



• .. • ... t 

gi1-a1.:i~ 4.1 ~n'ttW::'V11.:i1i1tl-ad'~ (Life history strategies; equilibrium: E, periodic: P and opportunistic: 0), afl1'Wbb1~~vl.J~v1Atl (tli;n 

~1J1 (pelagic: P), tli;i1V1u1~1..1 (dermersal: D) ~i;i~mn~t1-a1t1tl'W~m.1a1m~t1.:ibum.11gi-a~11..1 (standard deviation (SD), n = . ~ ~ 

'111..111..1ufil.U~11..11ru), i;l3.1tJ-a::a'V16n1-an-a::1i11t1 (coefficient of variation, CV) bbi;t::~'t1Ufl113.Jbbtl-atln1..1-a::t1::i;l'1..1 (percentage of 

absolute (Ua) and relative (Ur) "llv.:i~i;i~utli;i1't1il~/mi3.J~1.:i811il1mh11'Vlt1 (~v) • 

Sciencetific name/group Abbreviations 
Life history 

Environment 
strategies 

Average yield ± SD (n) CV Ua u, 

Family Trichiuridae 

Trichiurus spp. TRS p D 5,031.00 ± 2,625.42 (26) 52.18 21.72 26.36 

Family Scombridae 

Rastrelliger brachysoma RAB 0 p 100,248.27 ± 15,563.76 (26) 15.53 11.69 12.78 

Rastrelliger kanagurta RAK 0 p 24,914.81 ± 10,515.30 (26) 42.21 24.05 23.58 

Scomberomorus commerson sec p p 11,160.15 ± 3,750.16 (26) 33.60 16.94 17.55 

Thunnus tonggol THT 0 p 54,678.92 ± 23,414.88 (26) 42.82 21.06 25.03 

Euthynnus affinis EUA 0 p 45,395.15 ± 14,879.92 (26) 32.78 19.39 21.03 

Family Stromateidae 

Pampus argenteus PM E p 645.77 ± 525.34 (26) 81.35 58.28 54.12 

Family Psettodidae 

Psettodes erumei PSE p D 1,798.35 ± 832.59 (26) 46.30 21.85 24.70 

\JI 
\JI 
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Vl1':i1~~ 4.1 i;i'n<ttW~'Vl1~~1thd'~ (Life history strategies; equilibrium: E, periodic: P and opportunistic: 0), ~.n1Y.Hb1~ilei11~e11A't1 (thn 

~h1h (pelagic: P), tJ~1'VIU1~'LI (dermersal: D) ~rn~rnu~t1':i1t1tl'W~v11a1'Ub\jt1~btJ'Ll111Vl':i~1'LI (standard deviation (SD), n = 
" . ~ ~ 

~1'Ll1'Lltlm~fi1'Ll1w), a11tJ':i~aV16m':im~:u1t1 (coefficient of variation, CV) bb~::~'tlilfl1111bbU':iU':i'l'Ll':i~t1::a'U (percentage of 

absolute (Ua) and relative (Ur) 'llv~~~~utJ~1'tlU~/n~11~1~91:u1mh1l'Vlt1 (~ei) 

Sciencetific name/group Abbreviations 
Life history 

Environment 
strategies 

Average yield ± SD (n) CV Ua u, 

Family Cynoglossidae 

Cynoglossus spp. CYS p 0 5,410.15 ± 1,696.58 (26) 31.36 15.18 16.00 

Mixed taxa 

Other foodfish OTF 116,274.08 ± 33,392.20 (26) 28.72 15.48 16.53 

Note * Rays include Oasyatis spp. and Aetobatus spp. 

\Jl 

°' 



57 

nTrnJ~ ti'ULL tJ'1-:i"Ue:i-:imr~'ut.J'11 L 'Uei111V1m1111Trne:ifiu1ti1~?1111 LL 'U11-U11 (.n1Vl~ 4.4) 

LL'U'ULL 1m U'ULL 'U11-U11~i:.J'1~'UijLL 'U1 L oU11'1~'1-:J~'1e:i~-rnti~ nm~Pin~1 (26ll ~-:!LL~ Vl.131. 2527 fi-:i 

2552) tJ'11~ij1tJLL'U'Ufl11LtJ~ti'ULLtJ'1-:iL'U~n~ru~d1~LLn tJ'11~-:i (R. kanagurta) tJ'11LLi-:i1n 
" 

(M. cordyla) nzj11tJ'11~~'U (Caranx spp.) nzj11tJ'11~L11 (Polynemus spp.) U'11fl~Vl-:J"U11 

(L. calcarifer) nzj11tJ'11~n'Vl~L'1 (Plotosus spp.) LL'1~U'11~mi:.J1'U (P. erumei) 

code n1 r1 trends n2 r2 code n1 r1 trends n, r, 

~ 
.< 

DAS 21, 0.58 5 -0.94 SEN 20 0.61 6 -Q.,90 

CAR 20 0.53 6 -0.90 .PAN 17 0,07 I llili 9 "0.93 

:Mus 26 ' -0.27 n.a. LUS 20 0.66 ~ 6 -0:90 

S!S. 26 0:57 n.~ NES 19 0.96 ........... 7 .:0:9.q, • CH_S 19; o.~1 7 -0!9.7 POS 26 0.60 0 -n-:.-a: 

SAR 13' 0.'89 1j:.,;(i93 ~-cs 26 6.62 p '- !\-.~ 

TAS fl. 0.59 5 -0.84 SPS 26 0.82 if;L 

PLS 26 -0.66 0 n.a. TRS 21 0.59 5 -{l-'94_, 

~A? ,19 o_.93 7 ·-0.93 RAB 21 0.51 5 -1)94 

J;.lS :29 -Q'35 n.a. .RAK 26 -0 .. 77 tl -;n:a. 

L:A.CJ. 26 -0:46 0 n.a: sec 2l 0.06 5 -6:S4, 

EPS. .• 13' 0.94 13 .·-Q,85 :rar. 21 ·.0:30 ·?, "Q:84 

PRS 2·1 0.9\ 5 -0.94 EUA 11 0.94 T~• ,,0_§5, 

SIS 26 0.25 n.a. PAA 26 0.21 0 rt.a> 

DES 19 0.85 7 -0.93 PSE 26 -0~ 0 .n:.a. 

MEC· 26 -0.67 0 n ,a. CYS 10 -0.27 16 -0".'-92· 

CAS :20 -04'2 ·6 ma. ·OTF 20 0.7~ 6 -{t84-

SEC, .2}. 0,74 ., ,.:~ <,9:84 !!!84 'Im''. ,~~ 

d984 1996· 2009 

111'Vi~ 4.4 bb'U1LoUlJ~(;l~tJ"lle:i.:itJ(;l1'Vl~L(;l 35 'tlilWn~i.J~1ne311L'VIVL'U-ti1.:itl 'Vi.fl. 2527-2552 ~.:i 

1 Lf'l'a1~'VILf1Vfli.Jtlca~~'Vl~fl'VlfllJ~'U5LL uumtl v{LLlJ'U (Spearman' s rank correlation) 

'Vli.J1m'VllJl: ~ry~n~ruzj.:iL~m1~1n~1'U~1tihJ"U11 tJ1~ne:iu~1ti zje:i~e:i (Code) "Ue:i.:itl'11LL~'1~ 

nzj11 '1°1'U1'Ull~e:i~ L 'ULL'U11-U11-d1-:iLL 1n (n1) l"i1~11tl1~~'VIG"Ue:i.:imtl tiiLL1l'U L 'U-d1.:i~vr~-:i (r 1) 

~ n~tu~"UeJ.:iLL'U1 L oU1l (Trends) '1°1m'Ull~e:i~L'ULL'U'J L oU11-d1.:i~?1e:i.:i (n2) LL'1~l°i1~11tl1~~'VIG 

"Ue:i.:imtltifo11'UL'U-d1-:i~m:i-:i (r2) ~111~1~u LLm 1-U11~LUtJ~~-:iV11.:i?1n&i (p<0.05) ~~LL?1~.:i~1ti 

LL'1tJ~Vi'U Lb'1~LL°LJ'JLoU1l~V-:JbJLU°LJ~~.:i'Vl1.:i?1n&i (p>0.05) ~~Lb?l~.:i~'JEJLL'1'\J~"U11 LL'1~ n.a. 

LL?1~-:ifi-:im1~1JJ?111111'1ri'1u1ul"i1~11tl1~~'Vl~?ll1~1l~'U6 LL u'Umll tiiLL1ltJ 1 tJLL'U11-U11~ 2 1~ 

L~e:J.:i~1fl(:.J(;l~'\JLL?l~-:J~ n~tu~LL'U1 L oU1JL~m 11EJ'1~L~EJ~"UeJ-:JzjeJ~eJLb?l~-:J 111 °LJ~111.:i~ 4.1 
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LL 'U1 L U1J~mN Lll'UmhnJm~ii LL 'U1 L U1Jr.J(;l~'U L ~1J~'U'OJ'Uei.:l'OJ ~?t.:!?t ~LL(;l~(;l~(;l-:1 tJm 1 'Uncilld , , \I , , 

ii15 '11'1~/ncill (·nm~.:i'\.Jmncillomll LL'1~m~L'U'U) 'OJ1n'IJ'11 35 '11'1~/ncill ~~u1~'11n-e)111vm ~~ 
' ' ' 

Lll'U -rmm~ 43 -d1.:inm~Yl'Ul1'\.J'11'11'U1J1niiLL'U1 LU1J(;l~(;l.:I (vi'1.:i'OJ1niif11~'U61'0J~?t.:!?t~LL~1) 1~LLn°li1.:i 
\I, \I , 

1~vi-J1.:i YI .Pl . 2545 5-:i 2547 ~1ei~1.:itJm1'Unci1ld1~LLrl R. brachysoma, Seriolina nigrofasciata, 
' 

Decapterus spp., Lutjanus spp., and Chirocentrus spp. 

LL'U1LU1J?t~Vf1m lJ'Unci1J'\.Jf;l1~iir.J'1~'UL ~1J~'U\Jl{;lfl~1~e.J~L1'11~Plm~n 1~ LLrl nci1J'\.J(;l1 
' ' ' 

n~~n (Stolephorus spp.) n~1J'IJ'11?11n (Sphyraena spp.) LL'1~n~1l'IJ'11'11~ (Sciaena spp.) 

J'.., ... , .. C> I .J1 , .. ol ol.J ol .J.... I b 
'UeJn'OJ1n'UeJ.:11Jumein 10 '11'U~/n'11J'Vl 1J1J1uLL'U'Un11Lu'1eJ'ULLu'1.:l'Vl'll~L'OJ'U L'll'U Scam eromorus 

' " 
commerson, T. tonggol, Liza spp., Pampus argenteus, Sillago spp. and Muraenesox spp. 

4 .3.2 m-a~~-a\Jbb uum-aL\J~Ei'Ubb \J".:i"l.IB.:Jr.J"~u\J"1 b 'Uei11 l vm 
'U 

'11 nm1m1'0J?teiu1'\.J LL uu m1L 'IJ~ e.imL U'1\l "tlei .:iei.:i ri'tJ1~neiu r.J'1~'U'IJ'11'Vl~ L'11 'U-eJ111 'Vle.i 
" 

.me.i1'U°li1.:inf!1 26 tJ 1~e.i1m'IJ1LLm1l SOM ~11Jtl'U Ward's linkage method ?t11J11'1'11LL'Un 

ii 4 ' ._. 1 I 1 1 "' ~I .J I I ::: .J fl111Jfl(;l1e.Jfl'1\l"tleJ-:ifl\lfl'IJ1~neJ'Ur.Jfl'OJ'U'IJ'11'Vl~L'1 'Ufl11 'Vle.J ~L u'U?t'111\I L1'11 ( 'OJ1nn11'Vl~?tfl'U11'Vl\l?I 

-d1\IL1'11iiei'll°1'1J1~neiur.J'1~'ULL\Jln~1.:in'U'OJ~\11-b'?t~~ ANOSIM test~ P-value < 0.001 'OJ1nm1 

F11'U1ru 1000 1eiu) ~\lf11e.ivi'1\1'11nd~ei1tJ -d1\IL1'1 1~ 1\I 1 ~1~~~'11LL'UnHd'1~1-tl~m~e.in11 
" Regime" ~\Id n11 L 'IJ~ e.J'ULL tJ (;l \l"tlfl\I fl\I ri'tl 1~ n ffU r.J(;l ~'U~\l~-d1\IL1 '11ii fl111J?leJ~fl~ fl.:! tl'U \Jl 11J'11~'U 

.J ') I ( I I I .J 
L1(;l1 (f11Yl'Vl 4.5) ~~e.J'111.:IL1'11LL1n Regime I) fl~1~Vl11\I YI.Pl . 2528-2533 '111\IL1fl1'Vl?leJ\I 

• I I I .J • I I 

(Regime II) e:l~WVl11\I YI .Pl . 2535-2541 '111\IL1fl1'Vl?l11J (Regime Ill) fl~1~Vl11\I YI.Pl. 2542-2550 

LLfl~°li1\IL1'11?t~Vl1eJ (Reoime IV) fl~1~Vll1\I YI .Pl . 2551-2552 LL(;l~'UeJn'OJ1nd fl\lrl'IJ1~neJ'Ur.J(;l~'U ' ~ " 
G1\J11tl1'11n-eJ111'Vle.i1'UlJ YI .Pl . 2527 LL'1~ YI .Pl . 2534 1~tin~~'11LL'Un-J1iifl111Jfl6"1e.inuei.:iri'tl1~neiu 

" 
r.J'1~'Utlfl11'U°li1\IL1'11~ 4 (Regime IV) ~1e.J ~.:idei\IA'IJwneiutl'111mL~'1~~1\IL1'11~.:!nci11LLMl.:!H 

1 'Uf11YI~ 4.6 zj\I LL?l~\11 ~L i1'Ul1'11i1 ~tl'11 Vl~fl nci1Jtl'11~i1tl~1J1'1.!1J1nLL'1~i1~'VlGYl'1'1\lr.J'1~Bn11 
' 

L'1 mL~1 tJ~mrur.J'1~u'IJ'11~iimn~?t~?t11J-eJ''U~'U LL 1n 1 'Uei'll°1'1J1~neiur.J'1~'U'IJ'111 'U-eJ111 'Vle.i~einci1J 
' ' 

'\.Jmn~~n (Stolephorus spp.) n~1Jtl'11Vl~.:IL~m (Sardinella spp.) LL'1~tl'11\] (R. brachysoma) zj\I 

~.:1?111J'lli1~/nci1J L ll'U'IJ'11~1tl1"tJ'U1~ L~ n 1 'U'l.J11mtl'11~\l?t11l'11i1~/nci1J~\I nci11 nci1J'IJ'11n~~ n 
' ' ' 

Lll'Un~1J'IJ'11~i1r.J'1~'UL~1J'\.J~1J1'1.l~'U'11n°li1\ln'11~V1~\I (Regime I) tj-d1\ln'11~?tei\I (Regime II) 

LLfl~°li1\IL1'11~?111J (Regime Ill) fl~1'1iii!m11ri'qJ'Vl1.:!?t~~ LL\J1L'U°li1\IL1'11~~ (Regime IV) r.J(;l~'IJ'\.J(;l1 
m~~niiLL'U1 L U1J'1~'1\lei~1.:iiii!m11ri'ru'Vl1.:1?1~~ 'UeJn'OJ1ndi1tJ'115n 11 '11'1~/ncill ~ii'IJ~mrumn 1 'U 

" ' 
ei.:iri'tJ1~neiu1'Ur.J'1~'U (iir.J'1~'ULU~e.imnn11 1 x 10

4 ~'U~ eilJ) i1 4 '11i1~/nci1J '11n tl'11 11 '11U~/ 
' 

n~lJ~-:1nci11 ~hJii fl111J LL\Jl n ~ 1\l"tJCJ\l'IJ~1J1 '1.!e-4'1 ~u1 'U LL~ '1~°li1'1L1'11 (Regime I-IV) 1~ LL n 
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T. tonggol, Euthynnus affinis, Caranx spp. LL'1~'1Jm~\I (R. kanagurta) h.t'Vl1\lf1~'1.Jtl'U i1'1J'11 

6 '1J{jlil/nzj:u ~i1'1J~mrue.J'1~'1.J'1lili1eiCJ'1\leJ~1\li1'11mh•i'qJ'Vl1\l?f~~1mh\IL1'111~CJ~~ 4 (Regime IV) 

(L~mViCJ'Utl'U-d1\IL1'111'U1~CJ~~ 2 (Regime II) LL'1~ 3 (Regime Ill)) 'IJ'11nzj:udlvfori 'IJ'11'V111CJLLlil\I 

(Nemipterus spp.) 'IJ'11m1~~l1V!11'U (Priacanthus spp.) (Selar crumenophthalmus) 

(Decapterus spp.) '1Jm'IJ1nfl:u (Saurida spp.) LL'1~ U'11~'U'VI~~ (5. commerson) G11'U'IJ'11'111il 

(Sciaena spp.) vm11i1e.J'1~'1.J~\l~lileJ~L'U-d1\IL1'111'U1~CJ~~ 3 (Regime Ill) 

organizing map (SOM) L~'UVi'ULb~lil\15\lm"a~lilf1~l.ll111l.lfl11l.lbbl11n~1.:in'U'tlv.:I 

v.:if1th:mv'U'tlv.:i~~~ut1~11'U~1'Uthvrun 
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20, 

-~· ,15 

§ tto 
~ 

11 
., Regime II 

I i I I I i i I I l -. . --. . . ----. -. . ------

Ill 
Regime III 

iii Iii Iii l'i ~ · ·- ~ •• ~. - •• - • - - - - - - -

15 

1'l.lf1~l.ltlm~iJe.J'1''~".JUeWf1l1 1 x 10
4 l'i''l.l~BU iJei~ 20 'll'W~/fl~l.J '11l.11'rn~~'11LL'l.lf11~ ' " , 

Lll'l.l 2 n~l.l n~l.l~Vl~.:i LlJ'l.ltl'11~hJLL'1~.:irn1l.ILLl)1f1~1.:i'1JB'le.J'1~u~~V111.:i-d1.:in'11~.:i~ iJ'11'l.!1'l.l 9 , , 

'll'W~/fl~l.J 1~LLfi M. cordyla, Cynoglossus spp. , P. niger, P. erumei, Muraenesox spp., 

Plotosus spp., P. orgenteus, Polynemus spp. and L. calcorifer ~1'l.lf1~l.1~'1B'I LU'l.lf1~l.Jtl'11 

~lJf0111l.J LLl)1 f1~1'1'1JB'le.J '1~U~~Vll1'1°1i1'1L 1'11~'1~ LL'1~~1'l.ll.J1f1lJe.J'1~U'1'1'1~1'l.!°1i1'1~~EJ~L1'11~ 2-3 " , 
(Regime 11-111) (Regime IV) iJ 11 '1!-0~/fl~l.J 1~LLrl 

Sphyraena spp., Liza spp., rays, Chirocentrus spp., Trichiurus spp., Carcharhinus spp., 

Sillago spp., Tachysurus spp., 5. nigrofasciata, Lutjanus spp. LL'1~ Epinephelus spp. 
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m 1:1.J ~'U~1'U'lJe:i-:i m 1:1.J'll n'lJ:i.J vt~e:i m1:1.Jvt'U1 bb t1 'U'lJeJ-:i'lJe:i-:i'Vl ~Vi en m'11J11J 15';i';i:i.J'll1~~ fl n 1-if 
' ' " 

th~ LV'll'ULVI V:i.J'U~~l! mi~ bflVl\11 n bb ';i -:i nVI ~'U\11nn1';ivl1n1 ';i'th~:i.J-:i vt~e:im\l bn Vl\11 n n1';i~61~e:i1"1'11J11 • 
J1ii'lJ'U1Vl'1'1~1 bb"1~·1h-:imm:1 V16'M Vl~€l€l1\l bflV1\l1nn1';ib u~ V'Ubb U"1-:ieJm1n1';ib~tJ L\Jl bb"1~el\Jl';i1n1';i , 
';jeJV1'811J11 'U5';i';j:i.J'lJ1~'lJe:i-:i'11J11J1 bb~"1~'llijVI 1J1"1eJV1\l'Ufi-:im1:1.J hJ b'1~V';i'lJeJ-:iu';i~'lJ1m611J11J1~-:inci11 

1'LI•ih-:i1m)e:i'U bb"1~1v~'U (Anderson, 2008: 835-839) zj,:i611bvtm~-:ivt:1.JV1~-:iu1-:id\l~bb'1V1-:i~"1Vi1-:i~ . . " 
1"111:1.J~'Um'U'lJe:i-:i~"1~tJ'11J11J1 ;-:ivt1 nii-Um.J"1~"1~tJ611J11J1'lJijV1~1-:i11 'UYr'UmVIYr'U~vtU-:i ~ e:i'UvtG'i'-:i 1 u 

1 .. 1 II II ~ I .ci .J 
'U€lVl\Jlfl1 v 'U';i~ v~ L 1"11 V11'U1'U'Vi€ll"l1';i bb"11 'lJ€l:l.J"1 Vl-:i n "111:1.Jl°n 1:1.J611:1.J1W'Vi €l'Vl\l ~ bb61 Vl-:i'lJ€ltJ b 'lJ\Jl'lJ€l-:i 

" 
m1:1.J~'U bb U';i'lJ€l-:i~"1~tJ611J11J1 bb"1~'11:1.J1';ifl 1-ifrl1vt~i.J1 bl"l';i1~,,_; 1ij\l~V '1fl1'Un1';iruU';i~:i.J-:i 1 'LIYr'U~ 
~-:inci11 ru •1h-:inmu\l\JU'LI1~ (Baisre, 2000: 1-26) zj,:im';i'Pin~11"1~-:id1~~hbij'Um';i1-if-Ue:i:i.J"1 

' " 
~€l'Uvt6'i'-:i'lJe:i-:i~"1~i.Jum'Vl~b"1 35 'llijVl/nci:i.J 1'LIB111'VlV\Jl"1€lV1 26 tJ (';i~vt11-:i Yi.Pl. 2527 fi-:i 2552) • 
~-:itT'U oU€ll;J"1~-:inci11m\l"il~€l5tJ1v LL"1~Lb61V1-:ifl1Vi1"1~111 'lJe:i-:im1:1.Jb lJ'U 1 U'lJe:i-:im';ivl1n1';iU';i~:1.J-:iu"11 

'Vl~ b"11 'UB111 'VlV';i~vt11-:i Ln€ltJ'11:1.J~i.JlJ~~1'U:l.J11~ 

1"111:1.J bb u ';i'U ';i1'U';i~ v ~ v 11'lJ e:i-:i ~ "1 ~i.Ju "11 bb~ "1~'llijvie:i5i.J1 v1Ji1VI v'1:i.Ju ';j~ ~'Vlin1';in';i~\l1 v 

(Coefficient of variation, CV) ~v\'1vtiJ1~bU'U~1~1'V1 (b:S-:iel'e:i:i.J) 'lJ'U1Vl'lJ€l-:im1:1.J~'UbLU';i'lJ€l-:i~"1~tJ 

u"11bb~"1~'llijVl1'U';i€ltJ 26 tJ b~mh•h cv ~-:inci11 :1.J161~1-:im1:1.J61:1.J~'UTintJl'i1J1wumu~v';i1vtJ 

'lJe:i-:iu~mru~"1~tJU"11Lb~"1~'llijVl/nci:i.J u-:i~11 611:1.J1';if!Lbu-:inci:1.Ju"11e:ie:in1~bll'U 2 nci:i.J 1'LI~d\l~ . . , 
1-if61rn6'i'n,;11 nci:i.J A bL"1~ nci:i.J B (fl1V'I~ 4.2) zj,:i61:1.J~'UTibzje:i:1.J1v-:intJ'81u';i~1~'lJe:i-:iu"111mL~"1~nci:i.J o~ , , , 

(Winemiller, 2005: 872-885; Montana et al., 2011 : 282-296) nci11~e:iu"11nci:1.J A bb"1~U"11 , 
nci:i.J B ii';iubmi.J'81uw1'~~bb1J1n~1-:in'LI nci:i.J A blJ'Uu"11~u';i~ne:itJ~1v'1:1.J1:Sn~ii';iubbi.JtJ'81uw~ 

, \I , \I 

bbi.Ji.J Equilibrium Lb"1~ Periodic um~:iJ~Ubbi.JtJ'81u';i~~Lbi.JtJ Equilibrium LU'UU"11~B€l'U1vt1~€l 
• l.J • I 11 

"' 0 •I n1';ib u"1V'Ubb u"1-:i'lJe:i-:i61fl1Vi LL1Vl"1€l:l.J bL"1~ bb ';i,:inVIVl'U\l1nn1';i'Vl1n1';i u';i~:i.J-:i (Winemiller, 2005: 872-

885; Mims and Olden, 2013: 50-62) v\'11~u"11nci:1.Jdiil'l1 CV 61-:i ~1'UU"11~ii';i'Ubbi.Ji.J'81u';i~-w; . " " 
bb i.Ji.J Periodic fi-:i Lb~b U'UU"11~iin1';ibflVl'VlV1bb'Vl'LI1 'Ubbvtci-:iu';i~:i.J-:i1 'UU~mru61-:i bL~l!niim1:1.J~'ULbU';i 

" 
'lJ€l-:i n1';i bflVl'Vl VI bb 'Vl'U:l.J 1 nm n ';i~vt'l 1-:itJ ~ e:itJ zj,:i~,:i ~"1~€11"111:1.J~'U~1'U'lJ€l-:imi~tJU"11~1 v b-d'U n'U 

(Winemiller, 2005: 872-885; Montana et al., 2011: 282-296) 

L'Un~:i.J B U"11~-:ivt:1.Jvi:iJ~ubbi.JtJ'81u';i~~bbi.JtJ Opportunistic LU'UU"11~iil'i1 CV ~1 Lb"1~ ii 
1"111:i.Jb'1~V';i'lJ€l-:i~"1~tJ (~"1~i.Ju"11L 'U';iU'lJmJ1vti!niil'i161-:i~1 v) U"11L 'Unci:i.Jdb lJ'UU"11~iin1';i'LflV1 

" " . 
'VIVI bb'Vl'U~b -U1~bb vtci-:iu';i~:i.J-:i61-:i bb"1~ 1-if b 1m~'U Bn~-:if!-:iufo~11 ~b -U1ni.J61fl1mb 1vi~e:i:1.J~b u~v'ULb u"1-:i 

" " 
1~e:i~1-:i~ (Montana et al., 2011 : 282-296; Mims and Olden, 2013: 50-62) rl1vtfol"l11:1.J 

LbU';iU';i1'U';i~V~~'U Ur (Relative annual variation) iil'i1mnn11 Ua (Absolute variation) e:i~1-:iii 
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i1v'11~~'V11·rn'1&1 u\l=ff 11 e.J'1~'Ui.Ja1i1mn L Ul.JL i.J~ V'U LL i.Ja\I LL 'U'Ue.J fleY'U tl'Um1l.J LL i.J1i.J11'U1~ v~~'U 
vimvm1l.!11e.Ja~'Ui.Jm 1 'UB111 'Vl v:u~a~uB va\I LL'1~e.Ja~'Ui.Ja1:u~i1m1l.leY'Ue.J1'Umfl;ff 'U (Buijse et 

al., 1991: 305-322) 

fl111Lm1~~LL'U1Li!l.J'UB\le.J'1~'U~~1J1~\IV!l.J~1 'LIB111 'Vlv1 'UJ11'Vi11l.J 1~vi-J1\I Yi .I"! . 2493 fi'I 

254 7 LL'1~\lh~\~'Ul1i1LL'U1 L Ul.Jfl11Li.J~V'ULLi.J'1\1'1B\lf1~\11 'UB111'Vlv1 'U°1i1'1L1'11~\lflci11 flci11~B i1 

LL 'U1 L i!l.J L ~l.J;ff 'U LL'1~'1 ~a \l'UB\I e.J'1 ~'U '1B\I f)~\I zj\li.J1 fl&; '1~'Vi'U~ flijf;U~ ~\I flci 111 'U~'U~i.J1~l.J\I V!~B 

1~'U'Ui1L 11"1~i1e.ia~'Ui.Jm~1tl1'U'U1~ L~fl 1~\ U'U~1'U1'Ul.!1fl LL'1~ L U'UB'll°li.J1~flB'UV!~ fl 1 'Ue.J'1~'U (Conti 

et al., 2012: 1-12) L°1i'U e)111m1d LU'UIJi''U LL~B~1\lhn~1l.J LdB~1Lil'Ufl11lLf111~~LL'U1LUl.J 

~\lflci111 ~a~ LBV~fi\11~~'U"llil~/flcil.J 'UB\li.Ja1 fl~'U'Vi'U11LL'U1 L i!l.lfl11L i.J~ V'ULL i.Ja\l'UB\le.J'1~'Ui.Ja1i1 
' 

f111l.JV!'11flV!'11Vl.J1flfl11 (.fl1'Vi~ 4.4) 1 'Ufl11?iflij1f1~\l\1 'Vi'U-J1i1i.Ja1~1tl1'U'U1~L~fl'U1\1"1lil~ 1~LLrl 

Sadinella spp., Decapterus spp. and Chirocentrus spp i1LL'U1LUl.Ji.J~l.J1rue.Ja~'UL~l.Jl.J1fl;ff'U 
~\ILL~llLL1fl'UB\1"1!~oLJBl.J'1 (Vi.I"!. 2527) 1i.J:u'U5\li.J1~l.J1ru 'Vi .I"! . 2547 V!~\1'11fl'1'U e.J'1~'Ui.Ja1~\lflci11 

' " 
i1LL 'U1 L Ul.J'1~'1\I LL'1~'1~'1\I L~BV 'l':iJ'Ufi\1"11~oLJBl.J'1tl'1~Vl1 V~~1 L il'Ufl11?iflij1 (Vi .1"1. 2552) i1L fiV'lflcil.J I , "' , , 

i.Ja1fl1~l'i'fl (Stolephorus spp.) L vh'1'U~i1e.Ja~'UL ~l.J;ff 'UL~BV l~\ILL~~~iB~atJ LL 1fl'1'Ufi\l~~iB~atJ 
.., 

'1~'V11V 
' 

i:ii.Ja 1i.J 1~l.!1 ru ri ~ \IV!U\l'U B\I B\I rli.J 1~ fl B'U e.J a ~'Ui.J a 11'Ue)111 'Vl v~n e.i a ~'U l°iB v 1 L ~l.J;ff 'Ut 'LI 

WV~LL 1fl L~l.J;ff'U:u'Ufi\1'1~'1\1'1~ LL'1~V!~\1'11fl'1'Ui1LL'U1 L i!l.J'1~'1\IB~1\l~BL~B\I U\l'UBfl 1~fi\ILL'U1 L Ul.J~ 
' " ' 

i.Ja1~\I flci 11B~.fl1 v11'1LL1\1 fl~ ~'U'UB\I fl11vl1fl11i.J1~l.J\I LL 'U'Uhl ~\I ~'U LL'1 ~ Ln'Uel~11fl11e.J~~1 'U 
" 

511l.!"1l1&i :u'U1 'UU'1'1U'U i.Ja1"11il~/flcil.l~\I flci11Bv'1 'U'1m'U~~e.ia~'Ui1LL 'U1 L Ul.la~~1'1\IB~1.:il.!1fl 
' ' " 

(Conti et al., 2012: 1-12; Pauly et al., 2005: 5-12) e.Ja~~11'1'1B'U'Vi'Udu\l=ff1111JLViv.:iLL~i.Ja1~ 
" 

ci 1'U'U1~1 V! aj LL a~ iJ a 1V!iJ1~'U1'Ue)111 'Vl v ~ () fl vi 1fl11iJ1 ~ lJ .:i L ii 'U ~fl v .fl 1 'Vi fl 11 e.J ~ ~ 
" 

(Overexploitation) (Lymer et al., 2008: 1-51; Stobutzki et al., 2006: 130-142, 

Chotiyaputta et al., 2002: 223-238) LL~i.Ja1~1J1ni1LL'LI11 i!l.!'1flv11m1i.J1~l.l.:iLfi'U~flV.fl1'Vifl11 
" 

e.J~~L°1i'UL~v1n'U '1B~ri~B.:in'U11v.:i1'U~11 ~.:JLL~tl 'Vi .I"!. 2533 LU'U~'Ul.11 ~~1J1l.!1flfl11 ~Bva~ 
80 1'UeJ111'VlV~flvl1fl11i.J1~l.J\11'U1~~'U~-!ll.!1fl i1w~'Ufl111-ffi.J1~1v"l!tl (Exploitation ratios) Ln'U 

0 8 1. I .., ~ .J ... 1 "· I 1 .. .J ... .. ~ I I 

. uLL'11 'Vl-!lj'V11~~'Ufl11 "11u1~ V"l!'U'V1LV!l.J1~'1l.J'UB\1'11'ld'U1f111B~WV!11\I 0.3 and 0.55 

(Gulland, 1988: 1-322) 

fl11~~'U1m1i.J1~l.J.:i'Vi1ru"11v1 'UB111 'Vlm~l.lm~.:i LL~tJ 'Vi.1"1 . 2503 L tl'U1'i''Umvi~.:i:u1flt11Li1 
.,, .. .., 1" 

Lf11B.:il.JBB1'U'11flL'U1l.J1'V1~'1B-!l "11 (Lymer et al., 2008: 1-51; Chuenpakdee and Pauly, 2003: 

337-353) vi~.:i:u1fl'1'U~~~1rue1''Um1v L~v1n'Um1v11m1i.J1~l.l\11 'U~~1J1~i1e1''U~'U.ff 'U1 'UlA1.:i hi 

mvi111 'U1~'U'Uilnl"1~1a\IL~Bv I (vimvfi'I i.Jm~ci1'U'U1~ 1viaj~'U1~a~~1'U1'Ua.:i LL~~'Ui.Jm'U'U1~ 
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L~n~nt.1vh1 vi~mLV'l~.:in1J1at.1 '1fl~'U1~inn:ff t.1 (Pauly, 1998: 860-863) n1~'1m1EM1t.11 t.1tJ Yl.l"l . 
~ ~ 

~ ., . .J.1 ' 2523 LU'l.J\Jl'l.Jl.11 (Christensen, 1998: 128-142; Phasuk, 1987: 324-404) 61J\lu11fl!Jfl1'HU 

~\lfl~11 n'1B\i1fl~B\ltl'UB\lrl\J1:::flel'U~~~'U\J~11 'l.J"li"N L1~1 Regime I 'LJB\I fl11Plfl'l~n 1 'l.Jfl~\ld~Yl'U11 
\J~1vtii'1~'1.J'U1\l'IJU\i11~vt1v1 \J'11 na.:iritJ1:::na'U~~~'U L "li'l.J Anodontostoma spp., Silago 

sihama, and Pomadasys spp. (Chotiyaputta et al. , 2002: 223-238) L\i1V11l.l'1.:i\J~1~~1 

'll'l.J 1 \i11 viqJzj,:iiJ '1 mt.1::: a ~'U'l.J v a\i1tb:::i1 \i11 'l.J fl!J n11~ 1 m·1 a \i1Yl~.:i.:i1t.11t.11:::'U'UUL1 l"l'Vl1\l'Vl::: L~ ~i1 

~fl~tu:::'Vl1\1~1\J1:::~~'UB'U'U1\I (~'U~t.1tfl~i1) 1~LLn uml.l LtJ'l.J~'l.J (Ward-Paige et al., 2012: 

1844-1869) niJ~~~'U~\i1~\1~1m-dt.1n'l.J fl~11~BiJ~~~'Uif BVfl11 0.1 nL~fl-s'l.l9ia.ff1 Ll.J\I 1 'l.J-d1\IL1~1 

Regime I d (Chotiyaputta et al., 2002: 223-238) 

V!~\1'11fltY'l.J 1 t.1•th.:itJ Yl. I"!. 2533 L U'l.J~'l.Jl.11 n L U'l.JVfl LL 'Vi.:im1~'U\J~1~1J1 L ~B\1'11fl\J~1 , 

vtif1~'1.JLvt~aifav \J~1~1tl1~~'U1~l.J1fltf niJntjl.J\J~1lJ-~-!I (Rastrelliger spp.) LL~:::fltjl.J\J~1fl:::~fl 
(Stolephorus spp) LU'1.J\J~1'1JU\i1~'11ri'qi1t.1a.:iritJ1:::flB'U~~~'U (Chotiyaputta et al., 2002: 223-

238; Chuenpakdee and Pauly, 2003: 337-353) zj,:itJ11fl!Jfl11ru~\lfl~11'1B\i1fl~B\ltl'U 

a.:iritJ1:::na'U~~~'U1t.1 Regime II (1:::vt11.:i Yl .l"l . 2535-2541) \J1:::mrum11~111t.1-d1.:i Regime II 

d J1vi-Unm~11l.l'1JB\l\Jmvtii'1~t.11t.1 tJ Yl.l"l. 2538 ~\i1~.:i1\JLvt~ahJ'1.:i~av~:::8 'lla.:itl1vt-Un\J~1l.l1~ 
11l.l1t.1tJ Yl .l"l. 2508 (Stobutzki et al., 2006: 130-142) 

1t.1-d1.:inm Regime 1111:::vt11.:i Yl .l"l . 2542-2550 \Jmvt~1V1'11U\i1/fltjl.l LL'1\i1\l~\i1~\l~\i1'1JB\I~~ 

~'U Ldm Yiv'Un'U-d1.:i n~1~e.l1t.1m ( n~ 11~a\J~1vt~1v '"l'IJU\i1/fl~l.l i1\J~l.l1ru~~~'U Lu~ v'1.:i'1\i11 t.1 
I " 1.1 , 

Regime 111 d) 1l.l'1-d LL9i LUV'l1:::~~~'U\J~1~1J1 L vhtY'\.J \J~1vtii'1~'\.JV!~1V'IJU\i1ni1~~~'U L ~l.J;ff '\.J~1Vzj\I 
11l.l'1.:i ntjl.l\J~1'Vl11mLli1\I (Nemipterus spp.) ntjl.l\Jm\J11 L\Jl\J11vt11'\.J (Priacanthus spp.) LL~::: 

fl~l.JU~1U1 flfll.J (Saurida spp.) zj,:i~~ ~'U (1 m :S.:itl1vt-U'fl) LU~ vi1~1 L ~l.J:ff '\.JG1\161\i1 LL~:::i1'U'Vl'U1'Vl , ~ , 
'11ri'qJ:ff'\.J 1'1.Ja.:iri\J1:::na'U~~~'U-d1.:i Regime Ill if vt~\1'11fl~~~'U~li1~\1Lvt~auavl.l1fl 1 '1.Ja.:ifi'u1:::na'U 

~~~'U-d1.:i Regime I (Sanitmajjaro et al. , 2007: 1-59; Rungpan and Buluedaj, 2012: 1-47) 

tJ 11 fl!J n11ruda6'U 1v1~11 Ld ai1m1 L \J~ V'\.J~ 1J11°tl1Ltl1vtl.l1 v '11vt-s''U m1v11m1\J1:::l.J.:i'11n\Jmviif1 

~'\.Jl.J1LU'1.J\J~1~1J11'1.J-d1.:i Yl.l"l. 2533 (-d1.:i1av9im:::vt11.:i Regime I LL~:::Regime II) v111~LL1\I 

flli1~'1.J'11flfl11vl1fl11U1:::l.J.:i\Jmvtii'1~'\.J~li1~\I \Jw'111m\Jmviii'1~'\.Jvt~1v1'1lilli1~\l~'\.J~1:ff'\.J LL~:::L~l.l 
'1nv11m1\J1:::l.J.:iBnfl~.:ivt~.:i LL9im.h .:i11nml.l i1Bn\J1:::L~'l.Jvt~.:i~'11ri'qi n~11~a i1m1\J1:::l.J1rum1 
~ 

11 ~av~::: 60 '1JB\l~~~'U\J~11'1.J Reoime Ill d '1fl~'U~\ILL9ia~1t.11:::v:::nam.rr1'Vl\i1LL'Vl'\.J~ (Pre-
::i ~ ~ 

recruitment stage) \J~11'1.Jfltjl.ldi1~.:i\J~1~1J11~LLrl ntjl.l\J~1vt~\IL~v1 (Sardine/la spp.) \J~1 

lJ (R. brachysoma) LL~:::\J~1~.:i (R. kanagurta) LL~:::\J~1vtii'1~'\.J 1~LLrl ntjl.l\J~1\J1flfll.l 

(Saurida spp.) LL~:::ntjl.l\JmmL\Jl\J11V!11'\.J (Priacanthus spp.) (Boonjorn et al., 2012: 1-43; 
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Saikliang and Lheknim, 2013: 1-40; Thongsila et al., 2012: 1-38; Sinanun et al., 2012a: 

1-44; Kongprom et al., 2010: 1-42) 

~.:i'1'Ufl11'1{;1'1\l"lJB\lr..J'1~'\JtJm'Vlmf.l 1"11-U{;) 1 'UD'1{;) 1 :i.n (Regime IV) b U'Ur..J'1VfN"llB\lfl11'11 

tJm1~f.l~rlB'UVl{;)bbVl'U~ (Pre-recruited) 'Vl'11f.l1"1J-U(;)d;fim.n1itJ1~1f.l"lltl (Saikliang and 

Lheknim, 2013: 1-40) 'Uvm11ndv.:ii'.lm111f.l\11'U5.:im1v11m1tJ1~l.l\IU'11n~~n 1 'UtJ vu11. 2551 ~ 
~'Ul 1i'.J'1 ntJ '11~ '11~nlVJ1 \I bm'l~Hi fl '1l f.J B B'U B tl1\l tJ B f.J 9 "IJi'j {;) b lJ 'lJ '11J11J1~'1 B f.J '1 n~'U ~ {;);fi''U:!..11 ~1 f.J 

"U g~ oil.I "U 

(Sinanun et al., 2012b: 1-44) ~1'U 1 'UtJ1~b~'U~~u11ei.:il°ltJ1~nv'Ur..J'1~'U'11J11J1'11nei111 vm1 'UD 

~.131. 2527 bb'1~ ~.131. 2534 ffi~'1n~{;)'1'1bb'Un11i'.Jm1l.lfl~1Wl'UB\ll°ltJ1:mv'Ur..J'1~'\JtJ'111'U'li1\lb1'11~ 
\J 

4 (Regime IV) ~1f.l'1'Uv.:i1l.Ji'.lr11eicru1f.l~-a'{;)b'1'U bb~eit!1.:ibnml.l 1'U ~.131. 2527 m'1bll'Ur..i'1~1.:i~u 
..i tJ.J tJ ..i 1 ' ~ ... tJ ' . .J b'UB\ll.11'11nm1b '1f.l'Ubb '1\1"1JB\1?1il1~mml31 b'UB\1'11n 'U"ll1\lb1'11'U'Ubn{;) 11n!Jfl11ru El Nino VJ 

1'Ubb 1-:i:i.nn 1 'UV1~b'1~'U11'it 'W'1i1.:itJ ~ .131 . 2526 v111 ~bfl{;)fl11bU~f.l'UbbU'1\l"llv\ltJ~:i.nru~'U bb'1~tJ~:i.nru 
' 
J1vh~1 'Vl'1'1\l~Vl~b'1 ~i'.ltJ~:i.nru-U'vf.l'1\I ~\lr..J'1~vtJ~l.11ru?l11B1'Vl11~'1~ 1 'Vl'1 (Nutrient load) '1\1~ 

\J \J 

.f .J ii ( ) 0 1"" ... .f "1 ... 1"' ~'UV1"111f.lv.i\1Vl~b'1 Lorpittayakorn et al., 2012: 1-12 V11 'Vl~r..J'1\Jlb'UB\l\Jl'U 'U1~'\J'U'Ub1131 {;)bbn 

bb~'1\ln\Jlv'UYl"ll"lJ1{;)?111V1'Vl11~'1~ 1m 'Ufl11b'1~q)b~'U L\Jl ~\l~\lr..J'11 ~i'.ltJ~l.J1ruiJvf.J'1\I (Bhatla et al., 

2006: 93-103) zj\IB1'1~\lr..i'11 ~bfl{;) fl11"1J1{;) Lb 'Vl~\IB1'Vl11 Lb'1~bfl{;) fl11'V!f.l(;)"IJ~~n fl11b~'U L\Jl"IJB\I 
' 

?l~vfltJ'11~1.:i 11 'Uei111Vlf.l1~ famo~1~tJm~1J1 (Bhatla et al., 2006: 93-103) 'Uvn'11ndm1 

'Vll.lm1 f.l'U"llv\ln1~bb?1J1~~(;)tJ1n~1 'Uei111 Vlf.l~~'U11f.l\11'U11t 'UtJ ~.131. 2527 nm'1~\lr..J'1~vfl11 
' 

bb ~~n1~'11f.l~1"1JB\l~r..J~\Jl b dei.:i~'U1 'Uel111 V1 f.J bb'1~~\lr..J'1 n1~Vl'U~B?l~BflU'11~1\I 11 'Uei111Vlf.l1~ 
(Chao et al., 1996: 51-93) 

4.5 flltl 

?11tJ1~11 ?lil11~fl11U1~l.l\11 'Uei111 Vlf.l~1'U'1 {;)?l\l?l{;):!..11bb~1 bb'1~Bf.JL 'U?lm'U~~1l.J~'Ufl\I -LJ'ei11J1n , , "U , "U 

n\11'11 'U?1n11~Vl-r~ f.l1m'11J11J 11l.J fl11'1 ~ b vi '11 tJ~ m~1~tJ'11V1iJ 1~'U b ~ v\1'11ntJ'11~1J1ni'.lm1l.l 
tl.J~'Ufl\l"llv\1?1m1~Vl-r~mm~1f.lb'1i'Uil'U 5.:ibb~tJm~1J1"1J'U1{;)b~n'1~i'.lml.11rur..i'1~u~mn bb'1~ilm1l.l 

bbtJ1tJ11'U"lJB\lr..J'1~'\J~1 bb~fl11~utJmwf.l~nB'UbeLJ1l.11Vl{;)bbVl'U~ (Pre-recruited) 1'UtJ~mrummlJ'U 

~"lli1~1{;)11Ln~m1v11tJ1~l.l\lbn'U~nf.lm~m1r..i~1J1 (Growth overfishing) ;ff'Ubb~11'Umru~V''l1l.Ji'.l-LJ'ei 

oU~bbEJ\11~'Vll1\IU1~bV1131b~f.l1fl'UV11'~mmtJm?l~Bfl~1l.l (Straddling stocks) (Chuenpakdee and 
~ ~ '} ~ .J ~ ,d ~ I 0 :'I II II .J II ~ 0 V 

Pauly, 2003: 337-353) Ln~"IJ'U b 'U~'UVl'U ?IB'1\111'11b u'U\JlB\1?111\11~'\J'U\Jl11'1?1B'UV1 b"lll.lbb"ll\1?11'Vl1'\J 

\Jl11'1?1B'Ufl11vl 1 fl11U1~l.l\I~ ~ {;) n!J'Vll.11 f.l bb'1~"ll1 {;)fl1111 f.l\11'U bb'1~\Jl11'1?1B'U fl11vl 1fl11UWl.l\I~ 

~uiei'U 1 'U~'W~ei111 Vlf.l.Q bb'1~'Uvn'11ndLfl~v\lneiv11m1tJ1~l.l\l~v11mf.l~1.:i zj.:i~1L-U'Um1 L~f.lm1v11 

m1tJ1~l.l\l"ll'U1~L~n'U1\l"IJ-U(;) (Lymer et al., 2008: 1-51) m1~n~1l.lv11m1tJ1~l.l\I m1?1U'U?l1i'U 
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:W1~'.if11'.i~1:Wvl1f11'.i'\.J'.i~:W\11'W~'W~bb'1~'1i1\lb1'11~b'Vlil1~'1:W (Paterson et al., 2012: 1-16) '\.J'.i~b~'W 

b~ei\la'Vl6Y-l'1'lleJ\lf11'.ib'\.J~ CJ'Wbb '\.J'1\l?lmY-lm mP1~ ei'\.Jw'111m'1~1J1 bb"'~m'.iv11m'.i'\.J'.i~:w'l 1 'Wei111 'VlCJfl1'.i 

b ~\!Pl m~rn ~ei?l~1\lfl11:Wb oLJ11 \J~-tl'~b \J'W ;\IC·.mf11'.iPl m~n 1 'Wfl~ '1~1~i11 b?l'Wv~'W:w'V'l1 'W11'.i?11'.i'Vl1\11"111m'.i 

'.i~~'U'W1'W1"111~ bb?l~\l 1~~\l.fl1Y'lc.J'W1fl '\) 



5.1 thih 

d 
\J'Vl'VI 5 

n1~'11 u una'1vAtla1'VI t uei111 'Viv v 

tla1'Vl L U'Utla1~1tl1L1'11'li\ln~"llB-l 1 'VlEJ tlm'Vl'rmu. 'V'l1mt~1EJB~'U~L 1w~'U~1JV11'11J'Vl1U. tl~~n 
,. ""' '\I \J 'I 

~-llilt1''UBBnlilB'Una1-l 1tlfl-l1JV11'11J'Vl1LLBlilLLa'U~nlilt1''UlilnlilB'Una1-l (AL Sakaff and Esseen, • 
1999: 43-47) (fl1'Vi~ 5.1) tla1"!lu~-dij'Vin~m11J111JeJ-lB1~EJB'ilmi1~ifowviflijtlw1J1w 

"'I " ";J ' ,. 

20-30 B-lfl11L'ilaL;EJ'1 'Vi'U 1m 'U'1m'Viu. 1~~B1J..r-l~L ui.i t 'UL "ll1i1tl1n1BEJ1n~~-l u.at~i.i~i41-l~-lBBn 1 ti 

L ll'Utla1~ijri111Jr.11r1qiY11-l Lm'li~n~~-l u.at L ll'Utla1~ L U'UB-ll"ltl1t nvuvi'1 n t i.te.Ja:ij'utlm'Vlt Lm ~-l 

Ll'11'li\ln~"lJB-l 1 'VIEJ ;-lvi1t~m1tl1t1J-l"llB-l1 'VIEJ EJ-l'111J11fl~1 L U'U m1B~1v1 'U B n~1ndt1a1'VI V'-lij 
dA 'U 'U 

ri111Jr.11r1qinu"!l11t11t1J-li{'UiJ1i.imiL~Bvi1n11t11t1J-l"lJ'U1~L~n"ll1EJ~-l c~1'U1J1n~ttl1tnvum1 
tl1t1J-l 1~EJ t im'UaBEJ) anv11r.i tlm'Vl~-l~BL U'U'Vl~'Vir.J1m~r.11r1f) 1~'1~1-l11EJ 1v1'1U'U'1'U'Uf'"l111JL U'UB~ 

\J ID~ "I 'lJ 

o I ~ 'I .x .,j.,(qo I I .... I 1 'I 1 """".1 
"lJB-l"ll11 u1t1J-l"ll'U1~Lan b lJ'Vi'U'Vl'Vl1Ju(;l1'VlLL 'Vi1mt~1r.JB11'1r.JBl:J ~r.JL\l'Vi1t b 'U'lhtL 'Vlfll 'VIEJ 'V11J u(;l1'VI 

'U 'U 'U 

m~r.JB~B~1-l"llf1"ll1J 'UBn~1ndt1~1'VlEJ-lLU'UB1\111~tl1t"ll1"ll'UUEJ1J'U~1flri LL~tL'll1il-l41EJ 
'\I 'I 'I \J 

.. 

r'r('r :· :- • - ·~. ~ .. 

: .. ' 
.. 
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l'l'n"il'1vu\J1~1~ rn1\J1~11 -nJ~nvi1 'l..IB111 m.1J'\..IV'l'U11 t:.J'1~u\Jmvi"il1nB111vi~ijA1'1.:i'1~1 'l..ltl V'l . 111. 
" \J " , 

2554 (\J~111ru 136,005 b1Jl'l~n~'l..I ) bVi~unu1'1..1tl'1'1D'\..I (V'l.111 . 2556) t:.J'1~'U\J'11vi1'1..1B111vi~ijA1ei~i , v ~ 

~ 127,206 b1Jl'l~n~'\..I bb'1~ij1J'1A1 5,202,430 'U1'Vl (n~111~mb'1~1bfl11~"161'1~rn1\J1~11.:i, 2560: v , 

Web-Site) ~.:itf U'11'Vlbl°l~ijt:.J'1~'U'1~'1.:iv~1.:imn1'1..1ll V'l.111 . 2524-26 V'l.111. 2534-37 bb'1~ 2550-
v 

0 .... ( d ) 2553 1'111J'11~'U fl1V'l'Vl 5.2 

160000 

140000 

120000 
,.....,.. 
~;l. ,5: 

100000 
........ 
;:> 
~(? 

80000 
Ct; 
~ 60000 

40000 

40QO.Q 

0 

'VU'l. 2524 - 2556 

L '\..la111 vi~J'\..I 5-:ibblJ"il~ij rn1~n131 b '8.:i1'Vl~11111'11'111 'l..lb~ei.:ib~mnu~1thd~ bb'1~1tJLL uurn1 
v 

~~rn1L'\..IU'11'Vldmbtl'\..lb1m'\..11'\..I (~.:!bb~ tJ V'l.111 . 2493) (Piumsombun, 1992: 1-150) Lb~U'11'Vln v v 

b~11ij61fllf1!1tutl.:iuein5.:i rn1~ nvh rn1\J1~11.:i bn'l..lf11~.:i t:.J~l'l L '\..1511116lJ1~ (Overfishing) L '\..IU V'l .111 . 

2520 (Piumsombun, 1992: 1-150) zj.:ifiei~L '\..l'li1.:inei'\..l~t:.J'1~'U\J'11'Vl"il~'1~'1.:iei~1.:i111n L '\..l'li1.:i V'l.111 . 
v v 

2524-26 (fl1V'l~ 5.2) 'Vf~.:l"iJ1nJ'\..lm t:.J'1~'UU'11'Vlnijl°l111J~'\..lt:.J1'\..11J1 L~~l'l'1B~ 1~~ihL'\..11 L i11Jfl11'1~ 
v 

~1'llv.:it:.J'1~'Ul'l'1Bm~~~nm~~1'\..lm zj.:ibtl'l..l\J11n!Jrn1ru~m11 ~1°11111'1'\..I h bb'1~~n131 L ~i~L"il'\..15.:i 

rn1b\J~~'\..lbbU'1.:i 1 \J'Vei.:i\J1~'1!1m\Jmvi1 'l..la111 'Vl~ 1~muV'l1~\J1~b~'\..lb~~1nu "'1\)ieifl" 'llv.:i\J'11'VlL '\..I 
v v 
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1 'VlCJij'V1'11CJ61~ e:Jfl L~CJ';;J~ b ~'U 1Jl11 b~l.Jijl.11 \Jl'S fl11U~B111 'Vl CJ \11€l'U L 'Uzj~fl1~l1 b U'Ubb Vici~ bi CJ~"11Be:J'U 

'Vl~m tJ 'U bb Vici n 1~ hrn nbb Vici ~VI~~ '1J a~ 61 ~a fl'IJ '11 'Vl L 'U eh11 'Vl CJ bb~ a~ 1 ~ h n \111lJ -rr m V1 '1 '1 ~ ~ 
" 

b~ CJ1 ntJ61~€lflD'11'Vl L 'U -eJ111 'Vl CJ EY~i1 fl11lJ fl'1lJ bfl~ €1€1 ~i m 1i1 fl11~m~rn ~lJ b~lJ b ~€161~1~fl1yj~otlvWil'U " . ~ 

b~ CJ1nui.J1~ b~'Wvi'~ flci11 zj~-LJ'al.!'111 CJ'1 ~ bB CJ~ b~CJ1 nti61~ afl'IJ'11'Vldb lJ'Wi.J1~ lCJtJtla ~1~mfl 1 'Wm1 
" " 

yj'11111i.J1~tJ1m ~fl~ru~'Vl1~~11'VlCJ1 bb'1~n1~~~~111'1Ja~'IJ'11L 'Ubb~'1~'1~€lfl (Begg et al., 1999: 1-

8) zj~m1~fl~1i.J1~ b~'U~1~ '1 b V1ci1d'11'Wi1m1l.l611~qi~'1~v111 ~m1ti~V111~~m1'Vl1'yjCJ1mi.JmXJ 
1 tJ'eJ111 'VlCJ b ll'U 1 i.Ja ~1~i1i.J1~~'Vl6fl1yj bb'1~611lJ11ti'1~ LU'U'1~b~lJ~'W1 'Ufl1161~1~m1lJ~~~'U1 ~nu , 
'Vl1'vm1mi.Jm'Vl L 'UeJ111 'VlCJ 

" 
1'Wfl11~fl~1'\ll1~1'VlCJ1l31161111im1i.J1~l.l~J'U ijbb 'W1'Vl1~ bb'1~15fl11mflmCJ~611m1ti 1 m 'W m1 

Lnu-LJ'al.!'1 b ~afl11~fl~1~1bb 'W fl 'Vl~a~ fl~11m~61~1~61~afl"'1111tl1 "11a~1wd'W fl111 off-LJ'al.l'1fl11 
" " 

I 611.1 I ..:::ii 4 CV dCLJ Cl.I 1"' 
bb yj 1fl1 ~ '11 CJ Lb '1~fl11 lJ tJ fl tJ lJ fl 11 b tJ fl 11 lJ bb 111fl1111 ~ '1J a~ 6111 ~ VI 1 e:J '1 fl~ ru ~ 'Vl 'W tJ -1 ~ ~ • • 
(Morphometrics and meristics) ~'U '1 m11-fffl11b'IJ~CJtJbViCJtJtJA1yj1-S1fo111a{'Vl1~~11'VlCJ1 

fl11 ~ fl~1 ~1'Wfi'W ~131161111{i.J1 ~t11 m VI~ a fl 11~ fl~1 ~1 CJ15~ ~ bfl ~ a~'VllJ 1CJ (Tagging) b tJ 'U ~'U 

(Pawson and Jennings, 1996: 203-217) zj~L 'UtJ11~11Gfl11~1bb'Ufl61~€lfl L~CJfl11~~bfl~e:J~'VllJ1CJ 

15'11l.lt11~ (Natural tags methods) t!'U fl11~fl~1a~fii.J1~fle:JtJ'1Je:J~ln~ L 'Ufl1~~fl'j'IJ'11nmlJ'U 
"""" .J. I -9 oj '1 • I "" '1 J' .J ' ( 
115'fl11'Vlu1~61tJfl11lJ'11b 1'1 b'Uu'11'Vl'11fl'Vl'11CJ"i1'U~ b'Uyj'U'\11\111~ '1 Campana et al., 2000: 343-

d < 
357; Ashford et al., 2008: 135-146; Steer et al., 2010: 369-381) b'Ue:J~'11fle:J~fl'IJ1~fle:JtJ61\11 • 
L 'U fl 1~ ~ flV1'1J'11 bfl ~'11 fl ~'Vl5vrn '1Ja~ 61 fl1'Y'l bb 1 ~'1 al.l~'IJ'11 a1~ CJ a CJL 'U bb~'1~-d1~~1111 ( ~~tl '1~ CJ'\111~ 

" " " 
Yl~fl~ bb'1~U'1~CJ'Vl1~ bfli1) bb'1~51~~1~'1 b'Vlci1d'1~ L5a CJ~am~tJ1'Ufl11blJ\111tJe:J~zjlJ (Elsdon et al., 

2008: 297-330) m1L~ti 1111~'Ub~aCJ 6'l 'lJa~m~~fl'Vfyj~alJ 6'l num1L~ti 1111-ua~i.J'11v111 ~m~vifl'VI 
I " " I " " 

61~1~-Um~'1~b U'U-d1~n'11 (Timescale information record) 61e:JV1fl'1a~ntJ'IJ1~61tJ m1ru1 'W-d1~~1111 
~1~ '1 -ua~i.Jm bb'1~611lJ11mnu-LJ'alJ'161fl1'Y'l bn~'1alJ~i.Jma1~CJa CJL 'Ubb~'1~"1i1~~11111~~~bb~ bfl~'1'W 

" " 
~fl~tJ (Campana, 1999: 263-297) 

'11flm1l.l~1Lll'W~~a~'Vl11m1CJ'1~bBCJ~b~mnu61~afl'IJm'Vlvi'~1~flci11lJ1-LJ'1~~'W m1~fl~11'Wfl~~d 
" 

~~v11L oQ 'Wfl11b ~a61~1~m1l.l-tl' ~b '1'Wb~ CJ1nu61~ afli.Jm'Vl t tJ'eJ111 'VlCJ L~CJ 1-tl-LJ'alJ '1a~fii.J1~flau51111~a~il 'W 
\I 'U , ~ 

m~~fl'Vl'l.Jm'Vl~1'U1'U 7 51111 1~CJ~1 bb 'U fl61~al"l'IJ'11'Vl~1 CJ61a~15m1~a 15~V1~~v11L -W"Wm11 bfl11~,.., 
\I 'U " , \I 

'.t '1 ... J' .J ..J ""... ' .Jd 1 .,. a~ flu 1~ fle:JtJ 151111b'UtJ1b1 ru'Y'l 'U'Vl'lJ e:JtJ'lJa~ m~~ fl'Vl'IJ'1161l~l.l'1J al.l '1'1Ja~a~fl'IJ1~ fle:JtJ51111'\1161€1 iJ ti~ 
, \I 'U \I , 

61fl 1yj Lb 1 ~'1e:JlJ~'IJ'11'Vla1~CJaCJ1tJ-d1~b1m ria'U~'1~'1fl~tJ~'Wm1 off i.J1~ LCJtJtl bb'1~ b ll"Wmfii.J1~ fle:JtJ 
" " " 

51~ 1 "Wm~~fl'ljzj~ Lll'U"11 Lb 'Vl'U-ua~61fl1yjbb 1~'1al.l 1 "W~'U~ Lnu~1a~1~t!'U '1 ~1'U15~61a~b ll"Wm1~fl~1 
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miia'U~n'Uu.~1 (Ln~ m~v ~1n'U av1'U~'U~L~mn'U) a~f1th:mmJ"tla~u11J1l'Umt~nw'ilthii1m1lJ 
~ I v , " '\I 

U.\Jln~h~n'U (Campana, 1999: 263-297) n1";ifi1n~1~~'1a~15m";i~1LU'\Jn1";iL~a11J1~tl";iti:t~l"11.'Um";i 

~1U.'Un'1~8RU~1'VIL'Ua111'VIV 
" 

ti 
~ ..... 

5.2 ~ ffUUUt'tZ1601~ 

5.2.1 n1~Lnt1M'lilEh~tla1ti 
v 

Ln\J~18V1~tl~1'Vl'11n~~'U~~anl'Ua111vm1~u.ri a111'Vlv~~\Jlt1'Uel8n (Ln\J~18V1~ 
" 

'11n ~~~1~\Jl";i1~ LL~t~~~-J~~'l.l'VIU~) a111'VIV\Jlf.l'l.l\J'l.l (Ln\J~18V1~'11n~~~-J~i:tlJ'Vl";ii:l~R";i1lJLL~t • • 
~~~-J~i:tlJ'Vl";i'11R";i) a111 'VIV\Jlf.l'l.ln~1~ (Ln\J~1'1V1.:!'11n~.:i~-J~'UR";ifll~i5";i";ilJ";i1"ll) LL~tB111 'VIV • 
\Jla'Ui;l1.:i (Lnu~1av1.:1'11n:5'.:i~1~"'.:i"U~11il1J11J11i1> (fl1-w~ s.3) 1~vm"j~~L~an~1av1.:it1~1'Vlmm'l.l 

" 
n1";i1LR";i1t~a.:if'li.htnauo1\JlLotltl~1'Vl~i1"tl'U1~1n~LflV~fl'U ~1L'ii'l.Jn1"j1~m11JV11 (R11lJV11\Jl~f.l~ . " 
~1~1 TU u.~tu.vm-wfll ~a.:1'11ni!'l.l'vi'1m";iLnumt~n~'11n(P)1av1.:i~.:ini;l11Lnul~~~a~-w~1'1~n 

" " 
"tl'U1~L~ n L ~atl1 naUlJ1 L\Jl~VlJtpJ1f.l V1.:I n";it~ n~~1~-ru n1";i1 LR";i1t~f.l~fltl"jt nauu1\Jl ~a 1 tl 

" " . 
";i1V~tL8v~ L~ v1nu "tl'U1~m11Jv11~1~1 u.~t~1'1.l1'1.l(P)1av1.:Ju.~~t L -wfll l 'Uu.~~~~'U~ Lnu (1)1av1.:i 

LL'1~~11t'UIJ11";i1.:I~ 5.1 
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cl .&'clcju o OU cl II ..J cl 
Vl1'a1.:l'Vl 5.1 'W'U'Vlbn\JVl1eJV1.:I b'WA fl11iJV11"1\111btl"V (Mean) 'W'atliJ"'11'Ub\JV.:lb\J'UiJ1Vl'a!1'U 

(SD) bb"~~1'U1'U~1tl~1.:I (n) tl"1'Vl~Lm'Un1'aAn'tfiflf .:id 
" 

d cl "" u ' 
b'WA Ltt (mm) 

0 

'W'U'Vl bn\JVl1eJV1.:I \11'U1'U 

Mean SD n 

ei111 'VltJ~\l~d\Jeieifl II 

167 12 7 e.J 
" 

Eastern Go T (EGT) 
.,, 

185 2.8 9 Ll.m 

ei111vm~m.11'u 
II 

151 14 7 e.J 
" 

Upper GoT (UGT) 
.,, 

185 7.7 8 Ll.Jtl 

el111 'VltJ~ffUflm\I 
II 

175 5.5 6 e.J 
" 

Middle GoT (MGT) 
.,, 

187 1.6 6 Ll.Jtl 

ei111 'Vlv~ei'l.Jci1\I 
... 

181 7.2 6 e.J 
" 

Lower GoT (LGT) 
.,, 

184 4.3 6 Ll.Jtl 
:; 

111J'Vl\l'V!l.JVl 55 

5.2.2 m-abvi~vi.rm~fln'l-ttl"1'Vlbth:in1-a1bfl'a1~~ei.:ifltl-a~neiu51\Jl v v v 1 

L~~ tll.J~1B~1\I fli~Vl fl'\/! 1Vlv1<tln1~Vlfl'V!~1'1.JLVl~\l'V!~\I (1'l.J~d1<tl~1'1.Jtif1tJ'1JB\1~1U'11) 
" " " " 

~'l.J~BtiLL1fltJ1fli~Vlfl'V!l.J1vl1fl111J6'1~B1Vl 1Vlm11tl1fl~'l.Jl.J1~1\ILl31'1jLi1aL~BBBfl 'V!i;r\l"il1fl'1mL-d~1ei~1\I 
" " 

m~Vl fl'\/! L 'l.Jtl1m 1~ 1mL"il'l.JL uei1eiei fl 1611~ L ~B'1J'1 Vl LPl'!jL d el L~ B~'l.JL~ fl~'l.JU Btl~ Lfl1~~ Vl LL ti'l.Jv~ tl'Ufli~Vl fl 
\I \I \I \I 

'VI 1'IX'Vl'1Vlvein1 u V1i;r\l"il1mL"lltl1m 1~1Vl1L"il'l.JLuei1eieifl 161J~nmu1~111ru 2 i1111\I tl1m~vi nV1111-LJ'Vl~1\I 
\I , \I \I 

~1tJtl1fl~'l.JBfll°l~\IVl~\I LL'1~~\1~1B~1\1111'1XLL'IX\16'1il'Vl~ 'V!i;r\l"il1fl'1'1.Jt11m~~fl\jl.l1'V!civ1'1.JL1zj'l.J (Epoxy 

resin) "il1fl'1'1.Jtl1L1zj'l.J~51m~vinVl~\lflci11111~VlL'l.JLL'l.J1'1J11\I (Transverse section) ~1ml°l~B\l~Vl 
" " 

m111L~1~1 (Slow-speed diamond wheel saw) 1~51m111V1mu1~111ru 250 - 450 1111"11B'l.J tl1 

Lb~'l.JL 1zj'l.J~~1'1.Jfl11~ VlLL~1111U~~Vltl'U6'11'1~ LLtl1 "il1fl'1'1.Jciv\1Vl~1 tJ fl~ B\l"il '1'Vl11Plii rl1i;r\1'1Jtl1tl 4-10 L vt1 
" ' 

L~B'V'l'U11LLrl'l.J (Primodium/core) '1JB\lfl1~Vl fl'V! v \I hJu11fln 1'!Xtl1m~Vl1'1j'Vl11tJ~511°11111'1~ LB tJVlG'I \I 
\I \I d.J \I 

(L'Uv1 P2000 '1'1 P2500) 111oLJVl~1VIU1'1JB\lfl1~Vlfl'V! (~\l~Vl'1J11\111'1'1.J) 1'!X~n'1\11U"il'l.Jfl1~y(\I LLrl'l.J 
" " 

(Primodium/core) 'IJB\I m~Vl fl'VIU11fl1l L~'l.J 1~-tl'Vl 'V!i;r\l"il1n'1'1.Jtl1LL~'l.J6'11'1~~\lnci11Lfl'U1ciflci B\ILntJ 
" " d.J 

6'11'1~ L ~Bi Ll°l11~Vl1 '1.J~B\!Unilli m1'11'Vlfoi Ll°l11~"1v\IFlU1~flB'U511Jl~B 1 U 
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5.2.3 m-a1Lfl"a1::,.,ti1(;j t un--a::i:imjthn~ 
m 11 Ll°l ':i1t~51\Jl \?i 1\J'11'Un1t~mn.J'11V1i!'U \;\'1 L 'W'U n111~ E.J1 -ti Ll°l~a\li'.ia1 Lm1t~611J1 

, I \I " 'V , 

(ICP-MS: inductively coupled plasma mass spectrometer) i'U Thermo X-Series II ICP-MS 

f°.Jl.Jtl'\JLl°l~a\l~\ILL'1\IL'1Lfi!a1 (New Wave UP193FX Laser ablation) zj\l~\la~~~a\lu5~fl1':i the 

National Oceanography Centre Li'.ia\I Southampton '1'Vf11'1lel1UJ1~m 'Vf"'flfl11vi1\11'U"IJa\I 

Ll°l ~a\li'.ia fi a 1 -ti LL'1 \I L'1 L'lla {~\11 \J ~\I ~1V1-U1 "1J a\I mt~ fl'Vf~~ 1'U fl11~~ LL'1 t ~'U'1'U'1\I LLn'U fl'11\I 
\J \J 

(Primodium) LL~1 (.111~~ 5.4) faE.J1~LL'1\IL'1L61la{1J1n'1\11'LI'rin~~lli'a\lfl11 '11niT'U1mnnmt~fl'Vf~ 
\J \J 

'1flL~.J11'Vfm~mL'1\IL'1L61la{~1tL'VIE.J'11fl'Yin~"IJa\lmt~fl'Vf~L~afl'1t1'Vf'1~1'U1 \J ~\1~1l~U~l.J1UJ51\Jl"IJa\I 
\I \I \I , 

Ll°l~a\I ICP-MS vi11~Vl11'\JoUal.J'1U~l.J1UJ511Jll?i1\1'1 ~~1L'W'Ufl11\Jl11'11~1~'11flmt~fl'VIL'U'Vin~\?l1\I '1 ,, , I " ,, I 

~\lla\I fl11Vl11'\J l~ E.Jfl11L~l.J~'U~1 L 'U'U fl11L~l.J~'U~1 E.Jfl11~\lrl1 Ll°l~a\I ~\I LL'1\I L'1 L'llafl ~~\1'11 LL'1\I L lJ'U'1 ~ , 

(Spot) L~l.J~\ILLl?iLLn'Ufl'11\lmt~fl'Vf (Primodium/core) Lll'ULL'U1m1L~aE.J1U'1'U'1\l~'U~"IJa'\Jmt~fl 
\J \J \J 

VI (.111~~ 5.5) 1~E.J~\lrl1L~'11LL'1\lnm1l.Jfll1\I 351l.Jll°l':iLl.J\Jl':i n1tE.Jt~1\11t'Vfl1\ILLl?i'1t'1~U1tl.J1UJ 
\J • 

10 1l.J1mLl.J\Jl1 611'Ufl11~\lrl1~111fa1J1a{~'U1"1Ja\ILl°l~el\l~\ILL'1\IL'1L61la{ Ll°l~a\I ICP-MS LL'1tfl11 

r\'1tJ1rur11\J~mru51~~1\11 u5'Li~1J11l.li6m1~1~a5'1.J1E.J1ib'U Longmore et al. (2010: 591-605) 

LL'1t Longmore et al. (2011 : 209-224) zj\la6'1.J1E.J1~~E.J~a ~\l.Q LL'1\IL'1L61la{\J~'UL~nm1l.JLL1\I 

1 o Hz ria'U~'1t L~l.Ji Ll°l11t~U~l.J1UJ51\Jl L 'U mt~fl'VIU'11 vi1m11J111'1'1a'l.Jr11\J~l.l1ru511J1~1\l 6i L 'U 
, '\J " , I 

1'1~eJ1\IB\ll.J1911~1'U (Reference materials) L~E.Jria'U L'U~tTI-tl1'1~eJ1\IB\ll.J1\Jl':i~1'U NIST 612 LL'1t 
, d.I "I d.I 

NIST 610 zj\ILll'Ul'1~eJ1\IB\ll.J1\Jl1~1'Umstln'Ua~1\ILLW'i'Vf'11E.J (Pearce et al., 1997: 115-144; , ... 
Jochum and Stoll, 2008: 147-168) '11ni!'U~\1~1LU'Ufl1':i\Jl':i1'1'1a'IJ51~~1\I 1 L'U'Yin~\?l1\I 1 L'U 

mt~fl'Vf LL'1tdjam1'11'~611J1~1\I '1 L 'Umt~fl'Vfl°l1'\J~1'U1'U 1 o ~1a~1\ILL~1 '1t'Vi1m11J111'1'1a'l.Jr11 
" \I , I " " 

ml.l1ruli1\91~1~ '11u1?1~e11~a~l.l1\91'l~1uBnrif~vr~~rim.r~~b~l.libri'l1~~~1e:i~1~'1l~~e:ihJ 51\91~1~ 61 ~ , I " d.I , , I 

1 Lm1::V11~ 1~ Lbri ~ L'Vi m.J (Li) 1'1lb~E.Jl.J (Na) mmu bzjE.Jl.J (Mg) 1vm 'V1'1 bzj E.Jl.J (K) 11"l·nd E.Jl.J (Cr) 

LLl.J\lfl1U'1 (Mn) ll"l'Ua'1~ (Co) urnn'1 (Ni) 'Vla\lbL~\I (Cu) '1\lflt~ (Zn) '1\Jl1a'UbzjE.Jl.J (Sr) LL'\JL~E.Jl.J 

(Ba) \Jltit1 (Pb) LL'1::m':iL~E.Jl.J (U) fl1':irl1'U1'Url1U~l.J1UJ511Jll?i1\1'1 LV1ci1dr\'1'U1UJLll'Url11°111l.JLoLJl.JoU'U 
" , I 

I 1 .J 44 1 I 

"IJa\151~\Jll\11 'U51~LLl°l'1L'llE.Jl.J ( Ca) (Campana 1999: 263-297) 'U'Vf'U1E.J ppm (Part per 

million) 'Vf"'\1'11fli!'Utl1r11L V1ci1t1'mr11'U1UJbb U'1\IV1tl1 E.J1"111m-Ul.l-U''UL lJ'U ij'1~ll.J'1"1Ja\151~,!'U 1 \?la 

ll.J'1LLl°l'1LzjE.Jl.J (mmol mol-
1
) L~a 1-tiLViE.J'IJL~E.J\ltl'\J~'1fl11Plfl~1~'U 11~~a 1\J 
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111 .... ~ 5.4 011itt11-1ii"nnh-li;1'1Ja1'1J11iHn-szttn'Hitt1111-1i c-'1-liel-!iaFil'IJL-a~'IJ) t1'1Jflltt.lw11L~Em1 v v v 

1Lfl11~61f!.1'1VLR~il-liiia1Lfl11~61f! (ICP-MS: inductively coupled plasma 

mass spectrometer) 1'flflel1-liB./i2J1Pl-SJ1'U NIST 612 U.ftZ NIST 610 \)flitt11-liH 

... "" ~-" ... \J-SL1Wfl./iflft1-lifl"1ttl.Lfl1 

6 / / 
) 

5 
4 3 2 1 

111'W~ 5.5 n1-si-lifi1011§-!ia1wt-liLftLtt1iliLU'IJ'!tt (spot) L~2Jpf-liU.Plwi'IJflft1-lin"SZt]fl'1 
(Primodium/core) LU'IJU.'IJ1t111L1av\tl'1'1Jil~~11aun-s:t!fl'1 
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5.2.4 n111Lfl'j1~l1V11~fla~ 

tl~mru51\Jlbb~'1~51\Jlflmbtl'1~1'111 t.11tl Loo (x+ 1) t~rn x ~e:itl~inru51\Jl~1~ "' b~e:itJ-r'\.J 
, , 'U " :::> " I 

1'111 mn~ b~cMn11n1~'11 V~1 bb '\.J'\.J tl"i'~tl1n~ bb'1~ b ~e:i 1 ~fn1l.J bb tJ1tJ11tJbb~'1~D'1~ vii6" n~ru~~b UtJ 

Homooeneous '11 rnf t.1~1 b 'Llt.1m1 b~e:in1 bm1~~e:i~l°i'tl1~ne:i'U'lle:l~51\Jl1 t.1'\.J~bdru'lJe:i'\.Jm~~n'Vl :::> , \J \J 

.,I ., ' ' .,I 1 .,I ) .,I ~I 
(b0'1V'11n Spot '11l.J'1~'11n'lJe:i'\.Jm~~n'Vl me:iv1~b'lftJ '1~Vl 9, 10 bb'1~ 11 tJ.fl1'ViVl 5.5 b'Vie:lbutJ 

, \I \I , 

1'11-rJ1~ B~'lle:i~'1.fl1'Vi bb 1 ~~ e:il.J~tl'11e:i1 ~ v e:i ~ rie:it.1 fl mi"U t~ v1 bm1 ~~m1l.l bb tJ 1tl11t.1'V!'11 v ~1 bb tl1 
\J \J 

d ' ' ... ... ' 1 J' .,I 
(MANOVA) b'Vie:l\Jl11'1'1e:l'\.Jfn1l.Jbb\Jln\Jl1~·1m~l'l1fn1l.Jb'lJl.J'lJtJ'lJe:l~51~\Jl1~1 (51~x:Ca tJ'VitJVl"tle:l'\.J 

'.,r.,i,.., ' ( .f.J ' tJ ., ~ .... 
m~~n'Vl) 1~'Vl11~'VitJVlbn'Ume:iv1~ 4 'VitJVl) bb'1~W'Vl11~b'Vi\31'lle:J~ mVJ 'Vl'1~'11nt.1t.1~1bt.1t.1m1 

\J \J \J 

lbl'l11~~e:i~ritJ1~ne:i'U'Vl6"n (PCA: Principal Component Analysis) b~e:i~1151~1~iiaVJ5Yi'1~e:l 

m1mJ~nG'il.lu1~ ~~'1~~1b'Llt.1m1l'i'~b~e:in51\Jl'7t.1l.l1v11m1lbl'l11~~,J1bbtJn (LOA, linear discriminant 
' ' 

analysis) '1~e:il'ltlm~1 t.1a111VJV~e:i1 tJ t~vrn1l'i'~b~e:in51~~1~ 1m1bl'l11~~1il1bbt.1n (LOA, linear 

discriminant analysis) '7t.1t.1e:in'11n'1~Yl'111ru1~'1f111lbl'l11~~ PCA bb~1 '1~~1bUtJn11\J\11'1'1e:l'\.J 
be:i n '111 b ~ e:i l'i'~ b~ e:i n 51 \JI ~ii m1l.l b'1()v11lJii a VJ 5Yi"' '11nn1~'U1t.1n11VJ 1~'1~11VJ v 1b.LJ1mn1~VJ'U ~ e:i , 

tl
.,I tJ ' tJ ... .. .,i .. 

n11b '1VtJbb '1~'lle:l~e:l~l'l 1~ne:J'\.J5 1\Jl (Sturrock et al., 2014: 245-264) 'Vl1miJtJ51\J!Vll.J11V~1tJ 
' ' 

11tJ1~'1'\.Jfn1l.l'11b ~'11t.1m1~~1il1bbtJn'1~e:il'l1 t.1tl'11'lf'Ll~5t.1 jl.l1bb~1 

'Vl6"~'11m~e:in51~~1~11~bb~1 ~~~1bUtJn11lbl'l11~~'11bbtJn (LOA, linear discriminant 

analysis) bb '\.J'\.J bbV n b Yi\31 b ~e:l'1 ~BV15Yi'1'lle:l~fn1l.J bb\Jln ~1~Vl1~'1~1lVlV1~ bb\Jl n~1~ nt.1"tle:i~tl'11 bb~'1~ 

b'Vi\31 (Sturrock et al., 2012: 245-264) t~v~1bUtJn11lbl'l11~~'1e:i~15m1~e:i lbl'l11~~bO'Vi1~ 

tJ~mru51\JlbO~V~'Vi'\.J'\.J~nru'lJe:i'\.Jm~~ n 'Vl ( bu~V'11n spot '11l.l'1~'11n'lJe:i'\.Jm~~n'Vl ~1eJ~1~b"titJ 
, '\J \I , \I \J 

'1~~ 9, 10 bb'1~ 11 1w11'Vi~ 5.5) bb'1~lb1'111~~tl~mru51\Jlbu~V~'Vi'U1t.1m~~n'Vl~~'Vll.J~ (tl~l.J1ru 
" , \I \I 

.,I .J .. ., ' '.,I 1 .,I)"' 
51\Jlb0'1V'11n'1~n~n'11~m~~n'Vl '1tJfl~"tle:i'\.Jm~~n'Vl me:iv1~b'lftJ '1~Vl 1 - 11 tJ.fl1'ViVl 5.5 'Vl'1~ 

, , \J " \J \I , 

m11 bfl'S1~'Vl1 tJ bb~ '1 ~15'1 ~~1b'Wt.1n11\Jl 11'1'1e:l'\.J fn1l.J bblJmj1'lle:i~ f111~ ~'11 bb tJ n~1 v15 Jackknife 

(Leave-one-out) bb'1~eJ5'U1V~'1~1vm11~m1~~1il1bbtJn (Cross-validated classification table) 

., "" 5.3.1 nT'HWILg'leJ0ti1~ 

'11nm11bl'l11~~mritJ1~ne:i'U'Vl6"n (PCA: Principal Component Analysis) ~1l.Jn'Um1 

\Jl11'1be:ln'111 b~e:ll'i'~b~e:ln51\Jl~1~ "1l.J11 m tJn11~~1il1bbtJn'1~eJl'ltl'11Vl bb'1~~~'1n11l'i'~b~e:ln 1~~~\J\111~~ 
' I \J 

5.2 zj~'11tlbb~1 51\Jl~'11l.l11mt.1n11lbl'l11~~'11bbtJn'1~e:ll'l ii 8 51\Jl ~el ~bViVl.J (Li) bbl.Jn{hzjVl.J (Mg) 
' , ' 

L'VibbV1'1bzjVl.J (K) bbl.J~m'W'1 (Mn) 'Wrnfi'1 (Ni) Vle:l~bb~~ (Cu) '1\Jl'Se:ltJbzjVl.J (Sr) bb'1~ bb'\.Jb~Vl.J (Ba) 
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"' ~ mnLfl-a1:::V1 

v~tl'th:::nvu'Vltl'n 
61~vfli"lun1-a1Lfl-a1:::~ "' ~ 

(\h1i5'm~u 5 e1u~u 
mnLfl-a1:::V1~1n 

6191 • Lvnm-a* ~1bbUmt~vfltl~1'VI 
Lb -an) " 

b~A~ 
... 

" 
b~f!LiJV 

~kVi tliJ (Li) ..; ..; ..; ..; 

L'l:fb~ti:w (Na) ..; ..; 
... .,j 

bb:Wn'l.Jb'l:fti:W (Mg) ..; ..; ..; 

L°l'ibb'Vl?lbzjtl:W (K) ..; ..; ..; ..; 

Ll'm~ti:w (Cr) 

bb:W\lfl1'tl?I (Mn) ..; ..; ..; 

Ll'l'UB'1~ (Co) 

Urnni;i (Ni) ..; ..; 

'Vlfl\lbbl11\I (Cu) ..; ..; 

~\lfl~~ (Zn) 
.,j 

?1~1B'Ub'lltl:W (Sr) ..; ..; ..; ..; 
.,j 

bb tJL 1ti:w (Ba) ..; ..; 

~~it1 (Pb) ..; 
.,j 

m 'H 'Utl:W (U) 
'\J 

*Sturrock et al. (2014: 245-264), (2012: 766-795); Kang et al., (2014: 240-249); Proctor 

et al. (1995: 511-526); Thresher et al. (1994: 817-840) 

1'11bu~ti"llv\l'IJ~mrut51ma\l~b~arnb?1111\11~~\1~111\I~ 5.3 bb'1~m°l'i~ 5.6 vt'1\l"il1fl'1'U , 

~1bti'Ufl111bl'l11~"11'111:Wbbth'IJ11'Uvt'11ti(l]1bb'th (MAN OVA) L111ti1-ti'?1'1~ "Wilks" bb?fl11\11 ~b~'Ui1\ll1 



~1'
;i1

.:!
~ 5

.3
 m
11

1r
uG

1~
~1

.:
i 

8
l 
~'

W'
UL

'U
m:

:f
lm

n.
l~

nv
1 

(V
1t

l1
m

tl'U
 m

m
o

l 
e

le
m

e
n

t*
m

o
l-

1 
C

a)
 

' 
I 

~ 
~ 

~ 

A
: 

M
al

e:
 P

ri
m

o
d

iu
m

 

L
i/C

a 
M

g
/C

a 
K

/C
a 

M
n

/C
a

 
N

i/C
a 

EG
T 

6.
00

±
1.

34
 n

s 
58

.0
5±

10
.0

0 
ns

 
33

4.
35

±
11

7.
07

 n
s 

9.
94

±
2.

88
 n

s 
5.

00
±

0.
49

 n
s 

UG
T 

5.
70

±
2.

92
 ns

 
67

.0
0±

13
.7

1 
ns

 
29

5.
48

±
66

.2
8 

ns
 

10
.4

7±
5.

28
 n

s 
5.

60
±

1.
07

 n
s 

M
GT

 
6.

28
±

1.
77

 n
s 

58
.2

2±
11

.3
 7

 ns
 

33
1.

 7
9±

96
.4

1 
ns

 
7.

29
±

3.
70

 ns
 

5.
43

±
0.

99
 n

s 

LG
T 

5.
52

±
0.

40
 ns

 
69

.8
7±

16
.5

2 
ns

 
26

4.
76

±
91

.7
6 

ns
 

11
.7

4±
5.

38
 n

s 
4.

47
±

1.
06

 n
s 

B:
 M

al
e:

 E
dg

e 

L
i/C

a 
M

g
/C

a 
K

/C
a 

M
n

/C
a

 
N

i/
C

a 

EG
T 

8.
46

±
3.

35
 b 

19
.0

1±
4.

85
 n

s 
28

5.
42

±
18

2.
82

 n
s 

6.
25

±
2.

97
 b 

4.
58

±
1.

10
 ab

 

UG
T 

4.
91

±
1.

66
 c

 
24

.4
7±

3.
06

 n
s 

25
9.

82
±

80
.5

4 
ns

 
19

.3
0±

7.
69

 a
 

5.
23

±
1.

05
 a

 

M
GT

 
5.

60
±

2.
47

 be
 

22
.8

3±
3.

29
 n

s 
23

2.
10

±
84

.2
2 

ns
 

5.
88

±
3.

90
 b 

4.
91

±
0.

78
 ab

 

LG
T 

11
.7

6±
3.

11
 a

 
23

.9
2±

5.
55

 n
s 

20
2.

65
±

70
.4

0 
ns

 
7.

35
±

4.
92

 b 
3.

93
±

0.
42

 b 

C
u

/C
a 

S
r/

C
a 

1.
43

±
0.

65
 n

s 
2,

60
8.

29
±

34
8.

37
 ns

 

1.
 7

2±
0.

51
 n

s 
2,

90
8

.3
8±

22
0.

30
 ns

 

1.
47

±
0.

24
 ns

 
2,

95
3.

83
±

4 
72

.0
3 

ns
 

3.
18

±
4.

39
 n

s 
2,

65
7.

33
±

30
3.

63
 n

s 

C
u

/C
a 

S
r/

C
a 

0.
76

±
0.

17
 n

s 
3,

46
9.

62
±

96
7

.9
6 

a 

1.
16

±
0.

27
 n

s 
2,

67
7

.1
4±

26
3.

26
 b 

1.
16

±
0.

27
 n

s 
3,

71
3.

17
±1

,0
05

.8
3 

a 

2.
04

±
2.

74
 n

s 
3,

07
7.

39
±

55
6

.2
4 

ab
 

• 
• 

411
 

, 

B
a/

C
a 

69
.2

6±
55

.8
3 

ns
 

46
.7

3±
20

.6
1 

ns
 

10
6.

37
±

60
.9

5 
ns

 

54
.7

6±
23

.9
8 

ns
 

B
a/

C
a 

43
.8

5±
20

.5
7 

ns
 

63
.6

9±
22

.2
3 

ns
 

· 

49
.6

0±
12

.0
6 

ns
 

66
.7

8±
29

.6
0 

ns
 

--
.!

 
tJ

1 



~1
~1

.:
1~
 5

.3
 m

111
C\.

lfi
1~~

1.:
I 

4'l
 
~w
u1
un
~:
:~
n\
1t
h1
1'

VI
 (\

1t
i'J

m
U'

LI
 m

m
o

l 
e

le
m

e
n

t*
m

o
l-

1 
C

a)
 (

~e:
i) 

, 
I 

v 
v 

v 

C
: 

F
em

al
e:

 P
ri

m
o

d
iu

m
 

L
i/C

a 
M

g
/C

a 
K

/C
a 

M
n

/C
a

 
N

i/C
a 

C
u

/C
a 

EG
T 

4.
23

±
0.

49
 n

s 
69

.1
0±

17
.1

0 
ns

 
27

6.
02

±
67

.5
9 

ns
 

6.
93

±
2.

99
 b 

4.
46

±
0.

58
 b 

1.
48

±
0.

43
 ns

 

UG
T 

5.
17

±
1.

05
 n

s 
64

.0
1±

8.
13

 n
s 

22
2.

42
±

77
.2

7 
ns

 
14

.4
7±

2.
79

 a
 

5.
23

±
0.

67
 a

 
1.

88
±

1.
19

 ns
 

M
GT

 
4.

85
±

1.
06

 n
s 

85
.5

7 ±
38

.0
6 

ns
 

25
9.

98
±

56
.0

5 
ns

 
5.

56
±

3
.3

4 
b 

4.
20

±
0.

67
 b 

1.
56

±
0.

54
 ns

 

LG
T 

5.
83

±
2.

15
 n

s 
63

.1
7±

10
.2

0 
ns

 
29

8.
31

±
12

7.
22

 n
s 

12
.4

4±
3.

54
 a

 
4.

43
±

0.
77

 b 
1.

73
±

1.
03

 n
s 

D
: 

F
em

al
e:

 E
dg

e 

L
i/C

a 
M

g
/C

a 
K

/C
a 

M
n

/C
a

 
N

i/C
a 

C
u

/C
a 

EG
T 

4.
93

±
0.

98
 c

 
19

.4
7±

5.
65

 n
s 

20
1.

89
±

88
.1

2 
ns

 
3.

87
±

3.
77

 b 
4.

08
±

0.
70

 c 
1.

16
±

0.
48

 n
s 

UG
T 

7.
97

±
3.

77
 ab

 
22

.0
2±

6.
05

 n
s 

15
8.

10
±

13
2.

9
3 

ns
 

10
.8

4±
0.

73
 a

 
5.

66
±

0.
68

 a
 

1.
47

±
1.

25
 n

s 

M
GT

 
5.

64
±

2.
10

 be
 

18
.7

8±
2.

29
 n

s 
11

9.
50

±
67

.0
7 

ns
 

3.
57

±4
.2

8 
b 

4.
39

±
0.

90
 c

 
1.

10
±

0.
38

 n
s 

LG
T 

9.
27

±
3.

17
 a

 
22

.9
3±

4.
16

 n
s 

17
5.

2
1±

82
.7

5 
ns

 
8.

88
±

4.
25

 a
 

4.
30

±
0.

94
 b 

1.
70

±
1.

09
 n

s 

S
r/

C
a 

2,
85

6
.9

6±
80

7.
26

 ns
 

2,
56

2.
08

±
40

4.
76

 ns
 

3,
07

9
.7

2±
63

3.
06

 n
s 

2,
94

1.
72

±
33

5.
47

 ns
 

S
r/

C
a 

3,
71

0.
89

±
99

6.
08

 n
s 

2,
88

7
.6

7±
43

2.
49

 n
s 

3,
32

7.
33

±
75

6.
19

 n
s 

3,
13

1.
33

±
74

3.
29

 ns
 

. .
 

" 
. 

B
a/

C
a 

50
.4

7±
39

.9
8 

ns
 

46
.6

8±
37

.3
3 

ns
 

61
.9

8±
49

.1
9 

ns
 

64
.2

3±
42

.3
7 

ns
 

B
a/

C
a 

56
.8

7±
21

.3
2 

ns
 

66
.4

0±
50

.0
9 

ns
 

43
.2

3±
14

.4
2 

ns
 

63
.0

5±
26

.4
2 

ns
 

-.
J 

0
\ 



77 

Ni 

:J ~t? 9~1 
1 2 3 4 1 2 ,3 4 

Ba 

:1~Q9~ 
1 2 3 4 1 2 3 14 .1 2 • ii 

.J •• !'!! • 'I.. • .8.J4 
111'VfV1 5.6 fl11l.Jbb\Jln\il1-!l'tlel-!11.J'll.J1W51\Jl\il1-!I S'l 8 51\JI b'U'U'lb1W'tleJ'Un'l:::~n'YI 'l:::'Y111-!l'Vi'U'Vlbn'U 

• I • " \.I 

'l' 

'f 

.., 

~1e:iv1.:itcuij111'Vlv 

n) b~Pler 
'U 

G) 

.. -2 

df 

Edge (male) 

Edge (female) 

/-~ 
' 3 

0 + j 

c.,,1 (80.6%) 

MANOVA 

F p 

4.93 

2.54 

-3 -2 _, 

<0.01 

<0.01 

c.,,1 (55.4%) 

.J57 .. ' tltl ., tl( . ,K.,i".,. 111\'i'Vl • ~~n1'l1bfl'l1:::'Ylfl11l.Jbb 'l 'l1'U'Yl~1V\Jl1bb 'l MANOVA) 'l:::'Yl11.:i'W'U'Vlbn'U\Jl1eJV1.:i 

<1 = ij111'Vla~.:i1J1:::1cue:ie:in 2 = B111'Vla1J1e:icutcu 3 = B111'Vla1J1e:icun~1.:i bb~::: 4 = B111'Vla 

\JleJ'U'11.:i) 
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fl111 Lfl11 ~'1.1~ ~"il1LL'LJfl61 ;{ €JflU'11'Vl L~ ti 1otlrl1 LO~ tl'11 fl€J-:I fi'tJ1~ fl€11.J51\Jl '11 fl"U€J'U fl1~~ fl 
" ' " 

0 
"' 1 " "' ' . I .!>' !"! .,f .J "" ., ~I " • I ~~1 L 'LJ'LJ fl11.fl1tl \Jl611J~\Jl~1'LJ11'Vl1 fl u'11€J1r1 ti €J ~ b 'LJ~'LJ'Vl L~ tl1 fl'LJ L u'LJ 1~ ti~ L 1'11'LJ1'LJ~€Jfl11LL'11 u '11 

1'W61;; €J fl L~ t11 n'LJ '1~iim111fl~1 ti fl~ -:i"U €1-:i 1tJ LL 'U'U fl11vi'1 L u'LJ~1 (Jl ~1tJ1~1~ ri1~111n L\Jl €J 1'Vl1-:i 
" 

~11'Vltl1 LL'1~ 1Ji'-r'Ua'Vl5~'1"U€J-:!61.fl1~ LL 1~~€111 LL'1~ LL 1-:lfl~~'LJ'11flfl11vl1fl11UW1J-:IL 'Vlii€J'LJ 1 tl'LJ LL'1~ 

LL\Jlfl~1-:ltl'LJW'Vl11-:i61;{€Jfl~1-:i1 (Tanner et al., 2012: 198-205; Chittaro et al., 2010: 243-254; 

Waldman, 2005: 7-16) fl11Plfl~1vl1L U'Ufl11L~€Jfl11"il1LL 'Ufl61;{€Jfldm~v111Ji''11flfl111Lm1~'1.1 
"il1LL'Ufl (LOA, linear discriminant analysis) mri'tJ1~fl€J'U51\JlLO~tJ'11fl'U~L1fiJ"U€J'Ufl1~~fl'VlU'11'Vl 

, " \I \I 

(LLtlflL~131) ~'U11611Jfl11~~..ij1LL'Ufl (2 iJ~) LL61~-:i1Ji'~,:i.Q' 

LDAl = - (248.70 x Li)+ (269.81 x Mg)+ (2.69 x K) + (291.75 x Mn)+ 

(3,673.50 x Ni)+ (188.39 x Cu) - (12.13 x Sr)+ (287.68 x Ba) (5.1) 

LDA2 = (110.68 x Li)+ (17.41 x Mg) - (17.68 x K) + (425.63 x Mn) - (1,347.19 

x Ni) + (453.12 x Cu) - (4.00 x Sr) + (210.05 x Ba) (5.2) 

LDA1 = (169.45 x Li) + (104.81 x Mg) - (16.34 x K) + (266.29 x Mn) + (545.77 

x Ni)+ (1,978.22 x Cu) - (6.34 x Sr) - (1 54.86 x Ba) (5.3) 

LDA2 = - (178.62 x Li) - (152.78 x Mg)+ (26.97 x K) + (348.17 x Mn)+ 

(4,824.63 x Ni) - (2,653. 76 x Cu) - (2.26 x Sr) + (245.11 x Ba) 

'11 fl611J fl11fl11~~..ij1 LL 'LJ fl~-:! fl ~116111111'1 LL61~-:I.fl1~61€1-:!iJ~"U €1-:1 fl11~~"il1 LL 'LJ fl\Jl11J 

6111m1~-:ifl~111Jl~-:im~~ 5.8 

(5.4) 



mw~ 5.8 nT~~~'11bb'l.lnmi3.1'tlti-:itlt=11'VI (n) fim.lt=11'VlbwAe7 'ti) fititlt=11'VlbWAWV) ~~ui.111~'11n 
• \J \J \J \J 

A' cl ' "I ' 1 ( ' 1 ~ ., ' 1 "I. ' 1 W'IJ'VI 4 bb'Yl-:1~'1Jtl11 'VIV 1 = tl11 'VIV~-:l\Jl~1'1Jtltln 2 = tl11 'VIV\Jltl'IJ~'IJ 3 = tl11 'VIV 

1J1ti'IJnt=11-:i bbt'I~ 4 = ei11l'VIV\Jltl'IJ~1-:i) 1~a15nT~1bfl~1~~'11bb'IJn (linear discriminant 

analysis) 1~a 1 i'ti' ti1Jt=1ti-:i1'1tl~~ntiuo-11J1u'i b 1 ru'tlti\Jm~~ nV1tlt=11'VI 
" ' """ 

LLlJ·wh?l\I ~'11t.JtJ"11L~\31er (m1imn~e:J\l'jlit~\l'Vlit~~e:i~"1~ 89) LL"1~tJ"11L~mn~ (m1iirin~e:J\l'jlit 
\J 'U \I \I 

~\l'Vlit~~e:i~"1~ 86) 1~~1m~\31ernf111iirin~e:i\1?1\1~?1~ (~e:i~"1~ 100) 1'U~'U~bntJ~1e:i~1\I~ 4 (a11 
\J \J 'U , 

1 ' "" ... ... cl ... 1 J' cl "' ., ' cl ' 1 Vl~l'le:J'l.1"11\1) bb"1~itm1iimwie:i\l'Ue:J~Vl?I~ ('je:J~"1~ 67) 'U~'UVlbntJme:i~1\IVJ 3 (m1 VJ~1ne:i'Un"11\I) 
'\J ' 

'11'Ut m~\31bn~nm1iirin~e:i\1?1\1~?1vi c~e:i~"1~ 100) 1 'W~'U~bntJ~1e:i~1\I~ 2 ca111 Vl~1ne:i'U1 'U) bb"1~n 
'\J '\J • 

... ... cl ... 1 J' cl "' ., ' cl ' 1 ., "" .J 
f111iirin1ne:i\l'Ue:J~Vl?IV1 ('je:J~"1~ 67) 'U~'UVlbntJme:i~1\IVJ 3 m1 Vl~l'le:i'Un"11\I) VJ\l'j1~"1~be:JEJV!Vl 

'\J • 

bb?l~\lb'U\n1'j1\I~ 5.5 



911'n:i~ 5.5 ~i'ln1"591"51"il~v'\Jfl1111buj'Uv1"llv\ln1"51bfl"51~~'11bb'Un (Linear discriminant 

analysis) lflf!L..Uei.:ifith~neiu5191u'ib1W"llv'\Jn'a~fln'Vltli'l1'VI . """ 

.r ..I "' "' ' "W'U'VILn'IJ911vfl1\I (Predicted group membership) 

(Collection location group) (1vfli'I~) 

1 2 3 4 

1 100 0 0 0 

2 0 100 0 0 

3 33 0 67 0 

4 17 0 0 83 

1 89 0 11 0 

2 0 100 0 0 

3 16.5 16.5 67 0 

4 0 0 17 83 

80 

"il1n fl111'11T'1'1eJ'U-d1-:i nm 1 'U~i l'l"lleNtknYl~en~ ~eJ~ LL vt~-:itJ1~11-:i1Jh-:i ri ( 4 ~'U~ Ltl'U 
" " I 

\ll1eJ ~1\l"il1fl n11Pi mn 1 'Wri~-:i-d') hi ~1 -tlmJ n11~i Lf111~vt1~"il1 ni~m1i Lri11~~'11 LL 'U fl (Linear 

discriminant analysis) 1~~ 1otleUeJl.l6'1€J\lrltJ1~fl€J'lJ511'1'lJ~b1 ru"llv'U m~~flvttJ6'11Yl &1~1'1111 (Track) 
" . " " " 

€J\lfltJ1~fleJ'lJ511'1~\ILL~Lfi~ (mri"tJ1~flv'lJ511'1'lJ~L1ruLLrl'Ufl6'11\I (Primodium/core) m~~flV!) "il'U~\I 
.. , \I \I 

m~~\1'1fl..ij''lJ~'Ul.l1 (eJ\lrlU1~fleJ'U511'1'lJ~L1ru"llv'UflW~flV! (Edoe) "llv\lm~~flV!) (LL'1~\111~6'l~L~~~ 
\I , \I \I ~ \I \I 

111 'Lirnv~~ 5. 9) ~'U11 tJmYlen~~eJ~L 'UbL vt~-:itl1~11-:ii!'U ri rlv'U"il~'1fl..ij''Ufi~LU'U~eJ~6'l~ 63 "llm-d1-:i cu 'V I \I 

~ll'l l 'UU6'11Ylb ~Pl~ bb6'1~~€1~6'l~ 83 "llv\l-d1-:i~il'l l 'UU'11 b ~mifo ~'U~~tl6'11Yltl1~~€l~'U1'U~'1~ 1~Lbrl 
\I \I \I \I .. 

.J' d • 1 'l 0 I 11 ( 11 ' "'"" .J' d , 1 o '/ c1 ~'LIYlv11 Yl~l'leJ'LIU'U b'U umL~l"l~ 1€1~6'1~ 7 6 "llv\l"ll1\l"ll11'1) LL6'l~~'UYlen1 Yl~l'lv'Um-:i b'UtlmL~l"lLl.l~ 
" 

(
II o "'"" cl 1 !:'/ .,j 1€1~6'1~ 90 "lltl\1"1!1\1"1!11'1) 11~6'l~btl~~bb'1~\I 1 b'Ul'1111\1Yl 5.6 
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' d 
fl1LU~V 

1 56 14 89 9 

2 76 13 82 12 

3 50 7 72 18 

4 70 10 90 15 
d 

LU~V 63 11 83 14 

• 
"" t., o "" a I ~ "I 11 , d ~.I ~ 5.3.2 fl1"51 Lfl"a1::VI~ ~'llil1LL 'Umt\Jltlfl u~1VI L~V L"1fl1LU~V~1fltl'lfl u"a::ntitJ51\Jl~1flVl'ln"a::~nVI 

" • \J " 

... '., 0 "' • I 1 1" I .J '·I ~ ~ fl111 Lf111~VPil~"il1LL '\.Jn?f\We:Jfl u'11'Vl ~tJ '111"11 L0'9 tJ"il1fl€l\11"1 u1~fl€l'IJ51\Jl"il1fl'Vl\lflW~fl'WU 
\I , \I \I 

€l~il1tJ 1\ll-LJ't1?1l.J~~1'\Jl1Vl1flU'91'Vlii-d1\IL1'91\Jl'9€l~~i \Jl (~\I LL~ Ln~ = t1\l!"ltJ1~fl€l'\Jt51\Jl'IJ~L 1WLLfl'\J 
\I 6.1 '\J , 

fl'91\I Primodium/core "il'Wm~~\1'1fl~'IJ = t1\ll"ltJ1~fl€l'\Jt51\Jl'IJ~L1W'1J€l'\Jm~~fl'VI) L'Vliit1tJ si ntJ 
" , \J " I 

"' "" 1 .f d1 " .. ., "" 1 '1 lJ ., ) t • I d ( ' LLm (Lfl~ '\J~'\J'Vl fl'9LfltJ\lfl'\J L\Jl'IJ \J'ILL'9~Vl1€l1Vl11€l~ fl'91fl'W €l\lflu1~fleJ'Ut51~L0'9tJ "il1flLLfl'\J 

fl'11\I fl W ~ fl'Vl"il'\J ii..:i'll €1'\J m~ ~ fl'VI) 1:J 1"111ii 1"111l.J LL\Jl fl~ 1\l tl'\J 1 'W ?I~ €l flL~ tJ1 tl'\J LL~ 1"111"il ~ LL\91 fl~1\I tl'\J 
\I \I 'U \I 

1~Vll1\lU'11 LL~'9 ~?{ ~ €l fl LL'9~?11l.J11'1~ 1 LL '\J flU'11lJ 1 tJei111 'Vl tJ€l€l m tltJ?t ~ €11"1~1..:i 1\Jl1l.Jm1l.Jf1'11tJ1"1~\l 

LL'9~1"1'J1l.JLL\9lfl~1\l'1J€l\l1'!]~m~11JltJ'91lJm~ 
"il1flfl11lL1"111~"1~1LL'Wfl (LDA, Linear discriminant analysis) t1\l!"ltJ1~fleJ'\Jt51~LO~tJ 

v v ' 

"il1flYJ\l'Vll.J~ ("il1fl Spot l'i'..:iLL~~~n..:iflm..:i (Primodium/core) ii..:i'1Jt1'\J (Edge)) '1Jt1..:im~~fl\jtJ'91lJ 

(LLtJflb~\11) ~'\Jl1?fl.Jfl11~~~1LL'\Jfl (2 iJ~) LL?f~\11~vl\ld 
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LDAl = - (291.04x Li)+ (151.08 x Mg) - (2.80 x K) + (457.18 x Mn)+ 

(2,423.78 x Ni)+ (750.46 x Cu)+ (12.92 x Sr) - (180.92 x Ba) (5.5) 

LDA2 = - (90.05 x Li) - (34.56 x Mg)+ (32.08 x K) - (517.74 x Mn)+ (2,514.74 

x Ni) - (1,595.21 x Cu)+ (10.11 x Sr)+ (134.89 x Ba) (5.6) 

.. 
L'V'll31LlJ~ 

LDAl = - (35.86 x Li)+ (19.65 x Mg)+ (0.59 x K) + (561.09 x Mn)+ (4,268.58 

x Ni) + (1,201.11 x Cu) - (16.62 x Sr) - (25.87 x Ba) (5. 7) 

LDA2 = - (220.44 x Li) + (24.44 x Mg) - (3.16 x K) - (979.22 x Mn) + (4,536.23 

x Ni)+ (2,801.77 x Cu) - (19.94 x Sr)+ (178.49 x Ba) (5.8) 

'11 fl'1lJfl1'j' fl1'j'~~"i\'1 LL 'U fl~\I fl '111'11lJ1'j'fl LL'1~\l.fl1Yl'1tl\ll1&i"1Jtl\I fl1'j'~~"i\'1 LL 'U fl\911lJ 

'1lJfl1'j'~\lfl'1111~~\l.fl1Yl~ 5.10 

Male fl Female "IJ 

(".) 
3 N -

3 3 
111 2 '2 

2:1 
N 

3 31 
.2 ,, 

3 z 
3 

0 -
1 33 ..-

3 31 :2 
3 4 

4 ' 2 
2 2· 

Q ;2. Q 4, 
'1 2 c;i -'I 4 4 ..-

I 2 4.4 
2 

N 
"<t -I 

I 

(") 
4 4 

I 
4 4 

I I I I I I 

--2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 

ll1W~ 5.10 m,-~~'11LL'IJfln~3J"lJeJ.:Jtlft1'Vl (n) ~vtlft1'VILWA~ "lJ) ~vtlft1'VILWAWV) ~~\J3J1b~'11n . " " " " 
~'IJ~ 4 LL\.4.:Jb'IJeJ11b'VlV (1 = eJ111'VlV~.:JVl::1'1JveJn 2 = eJ111'VlVV!eJ'IJb'IJ 3 = eJ11b'VlV 

\Jlv'Llnft1.:i LLft:: 4 = el111'VlV\JleJ'IJ~1.:i) 1~v15m,-:'hf'l,-1::~'11LL'IJn (Linear 

discriminant analysis) 1~mt<ti'ti'v3JfteJ.:Jf'itl,-::neiu61\JlLO~m:nnvY.:im::~n-v1tlft1'Vl 
" . """ 
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A'd"'"'' 'W'U'Vlbn\Jl1l1vf.11~ (Predicted group membership) 

(Collection location group) (~vm'I~) 

1 2 3 4 

tl~rn~\31~ 
" 

1 86 0 14 0 

2 0 100 0 0 

3 17 0 83 0 

4 17 17 0 67 

tlmb~l31bi1t1 

1 89 11 0 0 

2 0 88 0 12 

3 0 17 83 0 

4 17 0 0 83 

5.4 1lil1'HU~~ 

fl1'j~~b~e:Jnli11Jl~'l11ln 1m 'Ufl1'jlLfl'j1~"1~1LL'Ufl (LOA, linear discriminant analysis) '1'Ui1 

m 1:w~1~ qi:w1n1 'LI u '<il '<ilU 'LI L ~ e:i.:i'<il1 niJ fl1 'j'Pi fl'\fl~u-J 151\JIu1.:i51\JI1~~'\J B'Vl5~"1'Vl1.:!61~'j~1'Vl t11 
' ' ' 

LL\Jlfl~1.:!tl'U1'UtlmLL~"1~L~l31 LL"1~LL~'1~"1J'U1~ (Sturrock et al., 2014: 245-264) fl1'j'Pimnflf.:id~.:i 

1~"' ~ i-n 1:W er'U LL tJ 'j"IJeJ.:!-V' e:J:W"1'<iJ1 fl B'Vl5~"' ~.:!fl~ 11 L~ t11 off ~1eJ~1.:itl"'1'Vl"IJ'U1~ 1n~ L~ ti .:i tl'U LL"1 ~ 
" " 
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l'l1L 'W1.Jfl111 Lfl11~~LL 'U'ULL~m 'V'H''11~m 1~1'11 L 'W1.Jfl11R\;l L~Bn51\9llPi1\J 6'l "iJ1nfl11\Jl1T'1'1B'U51\9l~LL'1\;l\I 
' I ' 

B'V15TI'11 i.Jm1'11 LL i.Jnnci:u'1\1'1(;) 5 51\Jl LL 1n (LL~ n1 Lm1~~fl~\1'1~L Til"l) "iJ1n51\9l~\lvt:U(;)'11tJ1tJ 
, \I , , " 

14 51 \9l L lJtJ.ff tJ \9l eimL 1 n "iJ 1n~tJ~'I1'11LUtJm1\Jl 11 "iJ Lein '111 L ~ ei ~ tJ eJ\J Ci\I m11-tl'51\9l~tJ1~'1'U ' . 
,.!Ja1 1""" <o '1•1 '.J 1!:"1.&'.Jo .I fl11:U '11L 1"iJ 1.J n11 6ll1 Lfl11~V!"iJ1LL i.Jnn~:u 1.J u'11'Vl~ L'1\9l1\l 1'Vl11~\111.J 1b1.JTI\J'Vl\9l1\l 1 '11u~-1'1n11 

R\;JL~ein51\9l1~ 8 51\Jl zj\ln ~\ld~Lvfo:u (Li) LL:un-ULzj~:u (Mg) 1TILL'Vlmzj~:u (K) LL:u'lmti'1 (Mn) ' , 
Umii'1 (Ni) ~\In~~ (Zn) '1\9l1B\JLzj~:u (Sr) LL'UL~~:u (Ba) 

"" ' • I •I ., •I '•I 1 .,&' .J a ., ' ' 
"iJ1nfl111 Lfl11~V!fl11:U LL u1 u111.JV!'11 ~m LL u1"1JB\IB\lfl u1~ ff€l'U51~ 1.JTI\J'Vl Ln'U\9l1€W1\l\9l1\I 1 

TI'U11U'11LTil"1~ LL'1~U'11LTil"1Li1~i1fl11:ULL\9ln\Pl1\l"tJ€l\1€l\lflU1~ml'U51\9l1~Vl11\1~1.J~ (p<0.01) zj\l"iJ1n 
'\J • 

fl11\9l11"iJ'1€l'Un11n1~"iJ1~~1"tlB\lfl1 Canonical score LtJ~~'U LVi~'U1~vt11\l~tJ~IPi1\l 1 Tiu:hi1m1 

m~"iJ1~~1"1JB\lfl1~LL\9ln\Pl1\lntJ~\ILTil"l~LL'1~LTil"1Li1~ (.t11TI~ 5.7) ~\1~1.J~\lnci111~11 51\Jl~R\;JL~Bn 
'\J , 

:u1~\IVl:U\;l 8 51\Jld '11:U11'11etlL1.Jfl111Lfl11~~nci:u1~ • • 
~1vt-r'U m1'11LL1.J n'1~€lflU'11'Vl 1 tJa111 'Vl~~\J TI'U11m11-tl'B\lflU1~ ne:J'U"tJB\151\Jl~\I 8 51\Jl (~\I 

'\J • • 

' 'a I .J ~ ) 0 
"" ' B\lflUWn€l'U51\9l"iJ1nLOTI1~"1JB'Un1~\;lnV! LL'1~B\lflu1~nB'U51\9lL0'1~"iJ1n'Vl\ln1~(;)nvt 1.J1:u11Lfl11~V! 

, \I '\J , \I \I 

'11LL\Jn (LOA, Linear discriminant analysis) tJ1~'1'Ufl11:U~1L~"iJ1tJm1'11LLtJntJ'11'~JBBmlJtJ 

4 '1~Bfl 1 tJ 4 ~1.J~fl11'VhtJw:u\I 1~LLfl '1~Bflel111 'Vl~~\l\9l~l\JBBn '1~Bflel111 'Vl~\9lB\J'U\J '1~Bfl 
el111 'Vl ~\9lB\Jn'11\I LL'1 ~'1~ €lflel111 'Vl ~\9le:J1.Jci1\I 1\;l~U'11'V1LL~'1~'1~Bfl 1-tl-d1\l:Si\9l:u1n n11~B~'1~ 30 

'\J 

"1JB\l'li1\l:S1\9l~\IV!:U(;)€J1~ ~ €l ~'11.J LL vtci\ltJ W:U\I LL~'1~ LL vtci\I "iJ1 nm11 Lfl11~~'11 LL tJnB\lflU1~nB'U51\9l 
'\J • 

LO~ ~"iJ1n~\I m~\;l nvtTI'U11i1m1:uf1~1 ~fl~ \l"tl €1\ll f'l ~ n 1:S1 \JlU '11'Vl'1\I (1\;l ~ LOTI1 ~U'11'Vl"iJ1n'1 ~ €lflel11 
'\J '\J ~ '\J'\J '\J 

1 'Vl~\9lB\J'UtJi1fl11:Ufl~1~fl~\l"tJB\llf'l~n:S1\9l'1\lei\l~B ~'1~ 88 LL'1~~€l~'1~ 100 1 m Til"1Li1mL'1~LTil"1~ 
~ '\J '\J 

\9l1:Uci'1~'U) LlJtJ~'11~\ILn\9l1111.JL "tl\9lfl11U1~:U\I~ 3 LL'1~ 4 (a111 'Vl~\9l€l\Jn'11\I LL'1~a111 'Vl~\9le:J1.Jci1\I) 

i1tJ'11\Jzj 'll!J~ m:S1\9lFivi.Joff1\1LL\Jln~1\1 ni.Jm n n11'1~Bfl~tJ1 B1"iJ ~Bn\I m1 LL TI~m~"iJ 1 EJ"tJB-:1~1 eierw 

tJm\J"11nvt'11~ 1~1.Jm i.Jei111 'Vl~m11:u~\lnm lltJ'1~Bfl L~~1ntJL 1.J61~BfltJ'11\Jei111 'Vl~\9lBtJn'11\I 
' ~ ~ ' 1 ., ~I .,&' .J 1 '•I .J o ., "' .J L 

LL'1~\9lB\J'11\11.J 1.JBn"iJ1ntJ €111 'Vl~\9le:J\Jn'11\l~\1Lu\JTI\J'V111\I "tlu'11\j'V1'11fl'lJ :U'1.t111~'V1LV!:u1~61:U 1.J 

n11 Li ~\1~1eJB\J n11TI'U'J1i1tJ'11\]zj\ll!] ~ m"lii\Jl flBtJ-ff 1\1 LL\Jl n\Pl1\I ntJd€l1"iJ Lfi\;l"iJ1 nn11Lfl~€l\JEJ1 ~ 
.1 .&' .J.,j .... ' 1!'1 .&' .J~ 
u'11\j"iJ1nTI\J'VlB\J 1 :u1~61:UTitJq11\I "ti b 1.JTI\J'Vl\J 

O 1'.JOQJ ol 1O1 1.&'.Jo 1 I <> ' 
LLV!'1\111\I "tl'V1'11fl'lJ"tl€l\I u'11\] 1.J€l11 'Vl~TI'U 1.JTI\J'V1€l11 'Vl~\9l€l\Jn'11\I LL\9l"iJ1nn111Lfl11~V! 

'11LL tJn'1~Bfl~TI'U11i1tJm\]ii'I 4 '1~Bfl 1 tJa111'Vl~d~vfi'l11i1Lmci\111\lhl~tJ1 tJBn"iJ1n 1 tJ~tJ~ 
Q.I I cf 1.1 Q.I 

\;l\lnm1 6lf\1'1e:J(;)f1'1B\ln'Ufl1111~\111.J"tlB\I Puthy and Kristofersson (2007: 1-65), Try (2007: 1-

53) LL'1~ Matsui (1970: 1-33) ~11~\11tJ11tJm'V1'11"iJ~i1Lmci\111\11~~mLvtci\lvtU\11tJ~tJ~6ll1EJ~\l"tJB\I 
'\J 
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i'1"1Je:i1ru1~fl'H1'~~"111 (Matsui, 1970: 1-33) tJi'~fle:iunufl1i'~fl~~i''1~ 2 Vifll'V11.:i (i;i~~i''1~ 
" ' ' 

., .. 11V ., .... )..J., I I 1 011V"" ..J ..J 
\Jl~1'U\JlflbucM \JI bbfl~fl~~i''1~\Jl~1'UBBflbucMb'\ll'UB 'Vl~Vlc.J1'UB11 'Vltl 'V11 '\llbflVlfl1i'bflf1B'U'Vl"l.JB.:J 

' 
m~bb'1J11'Ueh11'Vlti 1'U 4 ~Ubb'U'U (Singkran, 2014: 149-159, Pollution Control Department, 

..J 011V"" ..... tJ ., I I 1tJ ' .r ..J 1996: 40-49 i11~'Vl 5.10) B1'0J'V11 '\llbflVlfl1i'bflf1B'UtJ1tl~ fl f111tJBB'U'OJ1flbb '\llf1.:JB'4'U1f1 ~~'U'Vl 

~1.:i 11 'UeJ111'Vlti1vimo~1~e)111 'Vl ti \Jl B'Uflf11.:izj.:i b U'U~'U~ bUVJ bbfl~ b U'U'V11.:J~1'U"l.JB.:Jfl~~i'~~~.:ii;i~ 
~i''1~ \JI ~1'U \JI fl bO ti.:i 1~ bbfl ~i;i~~i''1~\Jl ~-r'U a a fl bO ti.:i b 'Viti a v111~~'U~u~b1 rudb U'Ui'B ti ~e:i"l.le:i.:i 

' ' 
m~bb'1J1'\llf11tim~bb'1J1 (Singkran, 2014: 149-159, Pollution Control Department, 1996: 

40-49 i11~~ 5.10) ~1'UeJ111 'Vlti\JleJ'U'U'Uzj.:JbU'U~'U~M.:iuvi ~'Vl~~f1"1JB.:Jfl~~i''1~bbfl~m~bb'1J1ijc..1i;i 
' 

iJe:iti~1fl~Bfl1i'bb~~m~'11tl"l.JB.:JUf11'VlltleJB'Ubbfl~ltJ~'U ~.:i~u11hmm1~bb\Jlfl~1.:J"l.JB.:Jlf'l~fli'~11Jl 
" ' -.J 

tJm'V1'1~e:ifld 
" 



n 

. 
'\, 

\ 
N 

A 1:3,350.ooo 

0-40;::::;.>!!180'"'!'!12~1ers 

H 

A 1:3,aso.ooo 

o-=-40==-eo-,~1omt1ers 
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n1-w~ s.11 ,-t1m.JunT-aL'Vl~"llei.:in,-::m'ftl1t'l.lei11 lV1v 4 ,-tlbb'U'U L'LI 4 "111.:in~1t'Ll,-eiutl bb~::-wu11 
~ ~ 

ei 11 l 'Vlv1J1ei'Lln~1.:i b ll'Ll,-eiv~ ei,-::'Vl11.:i m::bbfltl 1V1~1vm::bbfl 

~l.11: Singkran (2014: 149-159); Pollution Control Department (1996: 49) 
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5.5 a1t1 

tli;i1'Vl h1ei111 'VlCJ'11lJTH1'11 LL 'I.In 1~\ lJiJ 4 '1~eJAIJl1lJ1tl LL 'IJ'\Ja~l°ltl1:::n-t1'\J511Jl 1 iJ"llatJm:::~n-111 
\I \I , \I \I 

"Ua~'li1~~1\91~~'VllJ~ '1~aAtl'11'Vl 1 i.Jei111 'VlCJ \91eJiJ'\JiJ~1n~m~1 \91~~m1lJ Luvn:::~1'1~ LL'1::: hltJ:::tliJ 
~ ~ ~ 

n'IJ tl"11'V1L iJ ~i.J ~ ~i.J., ~'Ji.J '1 ~a Atl'11'Vl L iJ el111 'Vl CJ \91 eJiJ f'l'11~~ LL Vici ~~lJ 1"lleJ~ i;i ntl ml' CJ eleJiJ~ 
\I I cu " 

'Vl6'11f'l'Vl6'11CJ~~'1€l~A'1 a~n'\JoLJ€!~'1"1lJm~lJ LL'1:::m:::LLG1tl1~1 'Vl'1~1i.JlJ1EJ~~iJ~d f'l11Plf'l~1 L ~lJ L~lJ 
L~ CJ1 n'IJG1~ aAtl'11'VldA1) 1~A11lJG1iJ1 '1 L~ CJ1 n'IJ n11Pi n~1'Vl1~ ;J1iJ~iJ6Pl1'11Jl1tJ 1:::'111n1 1~CJA11 

~ , 
Plf'l~1 L iJ~f'l~tu:::LLCJm Y'lPl i.JeJ f'l'11 ndm1Pi f)~11:::'\J LL V1ci~11~ hl LL'1:::m11i~i.J~11~1 ~ ( 11~ 1 ~ LLCJf'lniJ 

' 
VI~€! 1i~i.J~11~1 ~~1lJ ni.J1:::V111~'1~€l Atlm'Vl) nm1 L Ui.Jtl1::: L~i.J~m1v11 L Ui.J m11'ia 1 tl iJ€lf'lliJ1f)d 

~ 

Fl1Y'l111il L\91eJ{'Vl1~~11'VlCJ1 LL'1 :::'\"'ll;ll \91UW'111m"lla~tJ i;i 1'J LLl'i i;i :::'1 ~ eJA n L Ui.Jtl1::: L~i.J'11 ~qi6'11V1-r'\J f'l1) 

'\J~'\1111~ ~m1tl1:::lJ~U'11'Vl L iJ LLl'i'1:::'1~€JA ~~ L i.JtlW L~i.Jtrt;Jv11 L Ui.J f'l11Pl f'l~1 L i.JA#~if L~CJ 11CJ'1::: L~ CJ~ 
~ 

LL'1~~ 1 il i.J'\J'Vl~ 6 



i 

.. 

d 
'U'Vl'VI 6 

nTn~u 1i;i bb~~-a~~u n1-a'ViTt.h~3J~~ b'Vi3J1~fl3J'tle:i~u~1'VI bb~~~a~fon L 'Uej111 'VIEJ 
" 

6.1 f11'11 

D'11\] Rastrelliger brachysoma (Bleeker, 1851) bU'Ui.J'11~1J11 'Ua111 'Vl~~~f1~tMfa.J1f1 
b~m Vi~uiluu11\il1~'1~ui.Jm~1J1'1Julil~~rn1~~1rl'n 1 bb'1~~riruR1'Vl1~ bl311~~n"il 1 'Ua111 'Vl~ i.J'11'Vl~ o~ , ~ ~ 

~u 1Jll 'Ua111 'Vl~ ~i.J~~1ru~1n 1rn~\~~~ilui.JmBnmMnci~ 1~bbn i.J'11n~\ll n bb'1~i.Jm'Vli;r~ b ~~1 i.Jm'Vl 
' " 

'1f1~ul11~11ii.J1~1~'1Jtlb ll'U1il1'U1'U~1n 1 'U'li1~ n'11~~1'Ummnn-.i1 60 tJ th1"il'Li'U-d'~'1~'\Ji.J'11'Vl~ 
" , " 
rn1~~'U~1'Umnn-.i1~~1'U~11 'Uei~l'l ~~~~m1~1b u'Um111~~1mm1~1~ 1 b ~eiu~'Vl11~\ilf111 
i.Jm'Vl 1 'Wu11~'1J1~ b -d'U ml'l1m1lllila11 ml'l1m1~1~ 1ibri~mijeiu1~i.JWb.fl'Vl~1V1fo~ui.Jm'Vl1 'Ufl\il " " ., " 
11~ 1 ~ b lJ'U(l)'U ~ei 1~bi1'U-.i1'Vlrvrn1mi.J'11'Vl~V1'11 n'Vlmmb 'V!ci~~m bb'1~u1~nci~'1n'11~'U~11 i 

" ' " 
'i ' ~ d ,, ,, .., "" "" .., ' d d .., .., 1 "•I 'i" ' 

i.J1~ b~'1J'Ub\9l~'Vlbb'11 '1eJ\ilf1'1eJ~f1'\J~'1f11113lf1~1'1JeJ~~1'U1"il~\911~ 1 'Vlbf1~1f1'\J1~\il'\Jf111 '1Ju1~ b~'1J'U 

"il1f1D'11\)1'U'IJ~b1rua111 'Vl~~~1'U1 V1aj11~~1'Ul1bn'U1~~'\Jf1111ii.J1~1~'1Jtl~b'Vlm~'1~bb'11 (SCSP 

1978: 1-70) "il1nei~F1rn1~~bMmilu Yi'11'l'li.J1~'1J1m bb'1~m1v11m1i.J1~~~ •1m~i.J'11'Vl1 'Ua111 'Vl~1 'U 
" " 

'1i1~b1'11~~1'Um 'Vlti1cM1'U~ b~~1-vei~~ n 1 ~1°111~~1rlt1Jfl'U'1~elf1D'11\]~~bb 'V!ci~n1b U\ilbb'1~'Vl1n'U 1 'U 

'\J~b1 tu~'U~el111 'Vl ~\9lel'Uf1'11~ ('U~ b1tubb 'Vlci~11~ 1 ~ VI~ bf11~el1~'Vlel~ bb'1~~'U~1f16i'b~~~) bb~"il1f1f111 
" 

'11bb 'Uf1'1~elf1D'11'Vl 1 'Ua111 'Vl~zj~~1b U'Uf111~~11~'1~bB~\il~bb'1\il~ 1 n 'U'\J'Vl~ 5 ;~1~'\J 11ililb"il'Ubb6i'1-.i1 
" ' 

i.Jm'V11 'Ua111 'Vl~ (1\ilmo'Yi1~t11'UJ11 'Vl~) ~ 4 a~eiri ~~tY'Um1Pin~1'Vl1~~1'UYi'11'l'li.J1~'1J1m bb'1~ 
" 

1~~u m11offi.J1~1~'1ltl'1Jmi.Jm'Vl 1'Uei~l'l~~1'U~1m"il~ei1~'1~ b ~ ~~a~eirii.J'11'Vl1 'Ua111 'Vl~l'lei'Un'11~.0 
" " 

bvhtY'U bb'1~~~~'11 ~a~eirii.J'11'Vl~'U 61 1 'U~'U~a111 'VlmJ~'1J11i1-Vei~'1 b dei~(l)'U~b V1m~a~G11V1rum1 
" I " 

u~V111~\ilm1~~i.Jw~'Vlfi.fl1Yi blilmo'Yi1~-Vei~'1~'U~1m~milu Yi'11'l'li.J1~'1J1m (m1b~'\J bl'l m1 " .. 
) .., 1 "'• I 'i 'd ( .., .., o •I d 

\911~ bb'1~1~\il'\Jf111 '1Ju1~ b~'1J'U'Vlb'Vl~1~'1~ '1J'U1\ilbb1f1"il'\J bb'1~1~\il'\J'Vl1f111u1~~~'Vlb 'Vl~1~'1~) 'LJeJ~ 

D'11\J bb~'1~a~eirin cr~ri~ 1~~ rn1~-u\ilb "il'U b ~ ei~"il 1 n&rl'l1J1 bb~'1~a~eiri~1~ n~R1Yi111ij bl'lei-1~1~ 1 
'Vl1~~1l'V1~1 Yi'111'li.J1~'1J1f11 bb'1~m1v11m1i.Jw~~~bbl'l f1~1~ fl'U ~~Jm ~eiri11~oU\ilb"il'U'1JeJ~.fl1Yi 

am1~'Vlr'Yimmi.Jm'Vl 1 'Ua111 'Vl~ bb'1~b~eim1u~V111~\ilm1~~i.J1~~'Vlfifl1Yi~"il~ 1 ~'Vlr'Yi~1mi.J'11'Vl 
" " 

ri~~eitj bb'1~a1m1fft11m1ii.Jw1~'1Jtlei~1~~m~ei~bb'1~l'l'1eJlil1i.J m1Pin~1u'Vl-d' ('U'Vl~ 6) ~~1~ 

v11m1Pin~1Yi'11'l'li.Jw'1J1mi.J'11'Vl 1 'Ua111'Vl~1 'Ubb~'1~a~eiri (l 'U~1'U~bM~1ilua.fl11~'VlrYi~1mbb'1~ 
" 

m1i.J1~m) 11~fi~'1l'U1lilmm'U~bV1~1~a~ ~"il~'11~11 iv11m1i.J1~~~1 'Uu~nrua111 'Vl~ G11V1rui.J'11 
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tl1::lJ1rurhvnnij L1J1t11m1L~u 11J1"tm~tlr11V1 LL~r1::'1~t1fl L 'Uti11 'l 'VI E.J L ~e:itl1::mrur1Trn11fa1J1e:i1m1 
\J 

\J11£.J (~~"il1m11L 'Vl\Jl'Vl1~i)))lJ"!j1~LLrl::m1tl1::lJ~) "tltl~Ur11'VILL~rlt'1~tlfl t 'Uel111'Vl£.J L ;je:iPimfl1::~u 
• \J 

rn1u1::lJ~~L V1lJ1t'1lJG11V1-ruur11V1 u~r1::'1~t1fl t 'Uei111 'Viv 1~mrn11Lfl'n::\1u uu~1r1e:i~e.ir1"ilu~e:i 
\J 

6.2 at1n1ruLLa:16011 • 
m1~1 L il'Um1Pimnm1L~u L\Jl m11J11t1 ur1::1::~u m1vi1u1::lJ~~ L 'VllJ1 ::61lJ"tlt1~ur11V1 u~r1::61 

\J 

tiie:in 1'Uei111 'Vlt1 ij.ff'U\Jle:J'Uf)1)~1Li1'UnT~'11lJ1)fle:J5U1£.J 1~\J11lJ~1~U.ff'U\Jltl'U ~~ii' 

6.2.1 011~11\lflauuuau011fl~1~·H 1u t un1:tJn'1tla1't! 

L ;je:i~1 L ihm11V4'1"iltl11ur11V11irn1'1~1~1~1'U t 'Um::V1n'Vl"il~~V1~e:i hl tlr11V11veie:i'U~ 
"' \I " \I '\I 

'Vl11Ue:J1£.J (3, 6, 9, 12, 15, 20 LLl:l:: 30 l'U) ~~1~-rum1e:J'ULfl)1::"1~1e:J~1~"il1f1fll'UEJ1"ilt1LLr1::~WJ'U1 
• • \J 

u1::lJ'l"!11t1~'l'1lJV11'11fl11~flm11m1J111"iJ61e:iu~1'U1'U1'11um::V1nV1 LV1t1il1~1e:i~1'll:lm.Jm'VlmLnu 
1 \I "' \I \I v 

~1e:J~1'1n1tVln'Vlfl1£.JLi;i'n~e:i'ln1'1''l"tlt11E.J'1'1 (Compound microscope) L~e:i~u~1e:i~1'lm::V1n'VI 
" " \I 'U 'U 

~1L -Uurn1u-ruu'1'1 L ~L i1'U1'li'tJe:i~1'lcff vi L "il'U ur1::'11E.Jfl1Y4m::V1n'Vl~'lmh1~1 E.Jn~e:i'l~~1J1e:ir1 ur1::il1 
\J \J 
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6.2.2 ~1vE11.:itl~1~bb~~::~~vfllbvJeif1m~nf'i1v.1'j1ijblPlvi'Vl1.:icw~1'lPltl'j::'lnm 

D'11lJ~'l11l.n 1 iPirn31 L~CJ1 n'U~1Yi1'l1il L1wei{~1\I 1 'Vl1\IYi'1llPl'U'l::"1l1m1 'Ul"l~\ld1 i 
0 Q.I I CV I I I w cv~.ct.oc:iil cv I do '-=t ~ Q,.I I 

'<il1'U1'U\Jl'JBCJ1\I 30 \Jl'JBCJ1\l\JlBb'Vii1l\JlB?l\JlBl"l \'1\l'U'U'<il\lll\Jl'JBCJ1\l'Vl'U1l.J111lf1~1'Vl\l~ll~ 240 \Jl'JBCJ1\I 

(30 1'11 x 2 L'Vil1l x 4 ?l~Bl"l) 1'11a~1\1~'111m1iLlJ'Ul'i'1B~1 \l ~iim'lm~'<il1CJ6l.JB\16l.l'U1~~\ILL~L~f1?1~~\I 
' 

1 ~111~~~~f1vl1D'l~ll\lhn 'l.JLL ~~\lvl1f11'lD'l~ll\1~1\I 1 'l 1 CJ'1~ L~CJ~ b~CJ1fl'Ul'i'1B~1\lm i~1L'1'Uf11'l 

Plf1~11 'U'U'Vlif LL?l~\l 11l 'U \Jl1'l1\I~ 6.1 '11 nt!'U\'11B~1\ID'11'Vl1 mL~'1~~'Um mh11 'VlCJ (fl1Yi~ 6.2) 
'U 

(tvi'LLrl ~h11'VlCJ\Jl~l'UBBf1 a111 'VlCJ\JlB'U1 'U a111 'VlCJ\JlB'Uf1'11\I LL'1~a111 'VlCJ\JlB'U~1\I) zj\1~1Lti'Uf111l~ 

6l.l'U1~m1llCJ11 (m1llCJ11lPl'1Bn~11'11 wu1mll'Uil'1~Lllm) LL'1~off.:itl1wun (wu1mll'Un-rll) 11CJl'i'1 

LL~1t1'U '111m~1n~1~'1f111l~~~L~mn'Um~~n~~'U~L~CJn11 61f1~?1m (Saoista) zj\ILU'Um~~n~~~ij 
'ti \J ~ \J \J\J 

~'U~1 ~fl l ~?f ~ 1 'U'U11~1m~~n~~.:i?11ll~ LL'1~L U'U~~1vi'-r'U m1LzjB~B 1 'Um11 iPin~1B1CJ6l.JB\ID'11 g~ 't \J 'ti \J \.I , 

"1lii~~1\I "' '<il1f1Uf1l'VlCJ11111?1lPl{m1'U1~ll\I ~1B~1\I m~~n~'l11ll1Ln'U 11l 'U~'1B~Yi'11?1~f16l.l'U1~b~ f1 
I " " 

L~aiJ11 'tJ L\Jl~CJlll'i'1B~1\11'U~B\ID[jtmf111~B1 'tJ 

d d , d .., • tJ do ~ o 
\Jl1'j1.:J'VI 6.1 fll11i.ia11Lu~a±~1'UL'U£J.:Jb'U'Ull11Jl'j!1'U "llv.:i1J11ei£11.:i ~1~'Vl'U1ll11"1mn lil1bb'Un1J11i.1 

.r d " .... ' 
'W'U'VI bn'U\Jl1BCJ1.:J 

0 .... ' 

lil1'U1'U\Jl1v£J1.:i 

30 

a111 'VlCJ\JlB'U'U'U 30 

30 

II 

1 
30 

"" bl.JtJ 30 

B111 'VlCJ\JlB'U'U'U "" b:l.JCJ 30 

30 

30 

fl111i.1£1111J1~v~~1~1 (i.ii.1.)±fl1u 

d 
b 'UCJ.:Jb 'U'Ull11Jl'j!1'U 

171.20±9.26 

175.17±21.70 

177.63±14.30 

179.43+6.52 

I 
185.47±14.61 

186.17 ±14.07 

187.57±15.11 

184.17 ±6.87 
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'!111-:t (Transverse section) (n1v.vi 6.3) ~'Jt.JL~~tl-:t~~fil'J11JL~'J~1 (Low speed weal saw) tiX 

L U'ULL 'U'J'!J'U1'U nU'1 ~tt-:imn-:in1~~n'VI t iX~'U'!JeJ-:1 n1~~ n'Vlvi~~ 1~ii~'J11J'Vl'U1U'l~1J1UJ 1,000 
, \I " ~ "' 

11J L~ 'l LlJ\Jl'l ~'J e:ici 1-:tn'l~~ n'Vl\lie,h'U n1'l ~ ~ LL'11il 11J1U~ ~~nu LL~'U'1hl ii LLn'J vh n1'H 'fi V'U'l~U ,, ,, . 
'l1VG'l~L~V~'!ltl-:t~1Bci1-:i -u~~1vm~~T1~t'Vl11vviiim11JG'l~L~v~~-:i (3 - 0.3 11J 1~1L1J\Jl'l) L-rie:iG'lu1e:iv 

'ii~"1b'Uv1Ln~'11nm1~~ LLG'I~ L -r1e:i t iX~'Um~~nV1u1-:i'1-:t'1'U'111J1'lfl1J8-:t L i1'U1-:t1'Uott~L '1'U -rr~m~~n'VI 
~ \I \I \I 

'1'UL~'U1~1'Uott~L'1'U~~'Vlv~-u~ ~~ii'~11V1li''Ua~Ln1J1~'J'U"lltl~Un'Un'11~m~~n'VI (Primodium) d1e:i . ,, ,, 
Yiu11~1'U'!l8-:tLLn'Un'11~m~~n'VIL~1Jtl11nn m1V1v~e!T~ne:i'Uv1~1'U"lltl~ Primodium '1~rtne!T~V11v1tl 

\I \I ;J , "' 

L~8~'11nu~L1ruii'LU'U~~i;t~~'U"lle:i~1~1'U (Daily ring) '!le:i~tl'11 '11ni!'Uvi'1m11J'1~m~~1Bci1-:im~~mjv1 
-u~u'11~1vtl1n~'U LL'1~L~~tiXuiX~~1vm~~1~~ae:i'Ut.i1J LL'1~iutl11~~ u1BuiX~u'11Lnu11l'UnGia~tiX • 
tl'1v~ft'mnnm11.1.i;in~n 1'UvruV1.niliXv~ . ,, 
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.fl1'W;1 6.3 n1'~~fln1::fln'VIL1JU.1..l'l'tJ11~ (Transverse section) v v 

;1111: Morales-Nin ( 1992: 1-52) 

:ij1u1u1.:i1'u (l~£JLtl':iu.m111Lfl'S1~~fl1l'l lmageJ (Rasband, 1997: Web-Site) fl1l'l~ 6.4) LL'1~ 

f11u1ru:ij1u1u1.:i1'uvY.:iV111~\Jl11J15 Ageing based on increment thickness (Ralston and 

Miyamoto, 1981: 83-88, 1983: 523-535; Ralston, 1976: 990-994, 1985: 14-15) L~£J:ij'1'U1'U 

1.:i1'uvY.:iV111~ f11u1ru1v1'11n:ij1u1u1.:i1u~tru 1m uu~L 1 ru~L ~'Uott~L '1'U\Jl111m-:it16u1£J l ufl1l'l~ 6.5 

L~rn)1V1'U~ L ~ij~el1'Utl1£Jtl'11:ij1'UTU 3 fl'U " . 

·lGtt·Bl:lttwqt~~~V~I~ :ciQ.a~-<.Lffi'"'"" "" .. _, --
, ·:tn-:.4·7 $87911 "tst11Ul7 ~...l!rl "\.15"1&~ 

1 .!'Jffl )Q.133 l.7.211 ~.li!JI i'!il53 

·• -4\~ ~,_., ")11'91'6 mb'li& ,.lf63~ 

·I ...,fl ',T.,,11\;Jol 30'7>' ..;ltl'.16 "\ll?llUIO 

1 <61"2$ !57""13 .16'Mf!'3 ll'5-961 .'23lr8.T.15 
··~15 ·1.511·"8.l.:!C ..... 7 ..2'.l2tl '&7~? 

• -.U w :fMl.2Stl ..252:!54 "t.!:5.:9) ~'7$M.07 

.fl1'W;16.4 m1utJ1~1'1..1LflEJLthu.n11 lmageJ 
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~n~ru~eue:wiim.1avi'liLtl'U"l1eJ11a'Yie:i11aenvtla11J1111ri1111m11Ji1~ S') eueJ~tla1'Vlu.IJia~IJ11vi 
'\J ,, " , I " 

Ln'IJ!Ji'1eJ~1~'11n 1 mh11 'Vlv l 'Ui{'Uvivivi1L ii'Umc.i-;j1u. 'Um1~e:iri~~L tJmrnmc.iPimnvi1~'11nm1"~n~n 

e:i~~'lh~m:i'Uf51"1 L 'Um~V1n-v1tla1'Vl L 'U'IJ'Vlfl€l'UV1U1d (u'Vlvi 5) LV1m1~e:iritla1'Vl..S1u. 'Un HLll'U 4 a~e:iri 
, '\J " '\J \I 

Q '1 II 
6.2.6 fl1"11Lfl-S1::'Vl'Uil~tl 

~1Lil'Um1"1Lric.i1~~-Ue:i11atla1'Vlu.1Jia~a~e:iri 1J1111~1~u~1"lleJ ~~if 
" " 

6.2.6.1 'VlV1('(€J'IJc.iULL 'UtJn11"L~'IJ L~ 
" 

1Lfl<,i1~~fl111Ja1J~'Ufi1"::'Vli1~fl111J E.111 u.a~th'Vl'u neueJ~tJ '11'Vl U.'1~'V1Vl('( €I'll 
" 

1"tl u. 'IJ'IJ nTH~'IJ Ll'l LV1EJ 1-if a1111~~1'U'VI"' n~11 n11" L '1 ~w L~'IJ Ll'l L ll'U u. 'IJ'IJ 1e:i 1'il L1Jl'l ~n (Isometric " ~ ~ 

growth) n"11f1eJ ~tl ~1~ u.a::m111rl1~..S1 L vn::eue:i~a"11'WL tl~ EJ'UU. tla~ nTn '1~11J L~'IJ L"1"!1€l~VJm11'U 

"!1'1~~19i'1tla1L U'UaV1'11'U n'U"1'1€1VlL 1a1viijmc.iL '1 ~qjL~'IJ Ll'l u.a::tl1V1i!n!Ji'1 '1:: L U'Ua'V1'11'U faet!Jlc.i~n'IJ 
fl1111v11vnn1~~a111 ~~a11mc.ivi (6.1) 



• w = ql 
n 

w = tl1V1-Un-um~~1 (n-r~) 

q = 1"11ri-:i~~b~~1.UeJ-!ltl'\Jr1'.l1~ci1-:i-'11b'V'l1~ (specific gravity) 

L = r111~~11"1JeN~~1 (611~.) 

n = fi1ri-:i~~b~m.LJ'e:i-:in'Ufl1'H'1~'1jb~'\J 1~ 

95 

(6.1) 

fl11'VlVl'1B'U1U bb 'U'\J fl1'H~'\J 1~11blJ'U1~ 161lb~~~fl'Vl~B 1lJ 1vi ~ fl11'VlVl'1B'Ul°i1 n 
" 

1 'U'1~fl11 (1) 1vi~ 1-tln11'Vlvi'1t1'\J'Vl1'1'1~~ bb '\J'U t-test ~1~lii'ui1'~'11~t1J 0.05 

6.2. 6 .2 m1tJ1~m rufi1~~tJ 1~~'Vlt-ue:i-:i m1~e.J'Ubb tJ 1-ue:i-:i m1ei1'U m ~U'11\J 

v11b'U'Um1fi'1'U1rufi1~~tJ1~~'Vlt-ue:i-:iri11~e.J'UbbtJ1-ue:i-:im1ei1'Ut11~tJ'11'Vl~B1'U , " 

1... ... I ~ .,j ( ) 
Vl'11fl~B1'U'Vl'I 3 rl'U ~1~'1~fl11'Vl 6.2 

" 

CV= 100* ------

CV = 1°11~~th~~'Vlt-ue:i-:im1~e.J'UbbtJ1 

xij = m~ri~-:i~ i ~ei1'U1~'11ntJm~1~ j 
I .,j .,j I 1" . I ., .,j . 

Xj = rl1btl'1~"1JB'IB1~'Vltl1'U Vl"UB'lu'11m'Vl J 

R = '11'U1'Ur1~'11 'Ufl11el1'UB1~ 
' 

6.2.6.3 fl11b tJ~~'Ub Vi~'UeJ~11fl11b~'\J 1m~Vll1'1b 'V'l?l bb'1~1~Vll1\l'1~Brl 

(6.2) 

b ~ B ~ 11'1 '1B'Ul1 eJ ~11 fl11b~'\J1~ 1~Vll 1'1U'11'Vl b 'V'l 131~bb'1~b'V'l131 dj ~iJri11~ 
" " 

bb~ fl~1'1tl'U'Vl~B 1iJ ~'lvl1b 'Ll'Ufl11'VlVl'1B'U~1 ~fl11l br111~~rl11~bb tJ1tJ11'U~1~ ANCOVA (Analysis 

of covariance) bb'1~Vl1fl'V'l'\Jl1Bm1fl11b~'\J 1m~Vl11-:itJ'11'Vlb 'V'l?l~ bb'1~L 'V'l?l blJ ~ 1 mb~'1~-vr'U~bfl'\J 
" " 

~1B f.J1-:i 1lJiJm1~ bb~ fl~1\l tl'U'Vl1\l'1~ ~ (p<0.05) '1~vl1 b 'U'Ufl11l br111~~tJ1~~1rufi1'V'l111lJb~B{fl11 

b~'U 1~~1-:i 1 (1~bbn 1°11'V'l111iib~e:i{-ue:i-:im1b'1~'1Jb~'\J 1~ bb'1~m1~~11~-:i~vi-ue:i-:itJ'11) bb'\J'U11~b'V'll31 
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'Vl~eihl ~\1~1biJ'\.Jn1'j'VJ\i)?ftJ'U~'H.Jn1'~lbm1~~m1l.JbbththTW~1lJ ANCOVA (Analysis of 

covariance) b'li'\..Jb~tJ1tl'W 

6.2.6.4 ri1Yi111fo\9lt11n1''H~'U L\91 

ri1bo~tJ'lJt1\lm1-el1'WmtJ'11ner~h'W~\I 3 fl'W t11mtb~mruri1Yi111fo\9lt11m1 
, 'IJ 

b~u 1\91~1\I 1 (l~bbn ri1Yi1'j1fo\9lt11'1Jt1\lm1b'1~qJb~u 1\91 bb"1~1"111l.lv11~\l~\il'lJt1\ltJ"11) 11ilv1~5m1 

lbfl11~~m1l.l'1l.l'W''W5bb'U'U1~biJ'Wb'1'W\911\l L\iltJbl.J'ld Analysis of Length-at-age data L 'W 1 U'jbbnil.J 

Fi sat II 'Vl~\1'11 n'1'W~1 b U'W n11'11'1\1'1l.ln11n11 b~'U L\91L\iltJ1-tl' bb 'U'U~1"1 tl\ln11 b~'U L\Pl'lJtl\I von 

Bertalanffy ( 1938: 181-213) zj\lbU'\..Jbb'U'U~1"1eJ\l'Vl1\lflru\911311'1\911vi'l-tlei5u1vm1b\l~qJb~'U L\Pl'lJeJ\I 

U"11 L 'W1U~\I ni'W'lJtl\ltlltJ L\il vn'1lJlJ~~1'W11n~lJtJ'j~"lJ1 mtJ"11~?1m~nnm1b\J~n I b~'U L\91 bb 'U'U 1ei L'ij '\I , ... , g~ 

bl.l\9l~n zj\1'1~ 1~ bb uu~1"1t1\lm1b~u L\91 L 'W1tJl"l11l.lv11 bb"1~mtJ~\1'1l.Jm'j~ (6.3) 
'IJ • 

(6.3) 

.,i .. 
Lt = m1l.ltJ11'1Jt1\ltJ"11'Vll.lt11tJ t • 
K = rl1Yl111fo\9lt11'1Je:J\ln11b'1~qjb~'U L\91 

Loc = m1l.ltJ11'1\1'1\il'lJt1\ltJm 
'IJ • 

tJ1~mruri1b'1'WLfl\I (non-Linear estimation) \11n.LJ'mJ"1t11tJtJ"11'Vl ru 'lJ'W1\ill"l11l.JtJ11 (m1l.ltJ11 
'IJ , 'IJ 

\91"1t1\il'11~1: TL) ~1\1 1 L\iltJLmtJ1bbn1lJ FiSAT II (FAO-ICLARM Stock Assessment Tools) 

(FAO, 2006-2016: Web-Site) 

611Vlfori1mtJ'1l.ll.l~bdeim1l.lm1~1tJm'Vlbvt1nul31'W~ (t0) J'W m1Pim;11"1~\l.Q 
, , \I \I 

b~ein 1 -tl'.LJ't1l.J"1'Vl1\1~1tJ1~1~ 1\il v 1 -tlm1l.lv11~1 ~ b~l.J~neieinm b u'U~1 Yiu11tJ"11'Vl n1"111l.Jv11bL1n 
'IJ 'IJ 

Ln\ilbO~tltl~~ 2.29±0.115 lJ"1~bl.J\911 (~'Vl5itJ LL"1~flru~, 2555) ~\lt1113i'tJG1l.Jn111"111l.J'1l.JoW'U5'1Jt1\I 
Gulland (1969: 1-154) L'Wn11rl1'W1fUV!1t11~'1l.l:\.l~bdt1m1l.ltJ11~1tJ"11X!Lvl1tl'U~'W~ (t0) ~\I 
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(6.4) 

Loc = fl11l.ltl11?1-:J?IV1"tlel'l'\J~1 
'IJ ' 

L0 = fl11l.JtJ11'ffi~L~lJ~ffeJBf1lJ1LlJ'U~1 

K = rl1'Vi1';i1i1L~B1"tJB-:Jf11';iL'1~fl!L~tJ 1~ 

6.2.6.5 '\J';i~l.l1rur11G1'l.l'\J';i~~viBm';imtJ 

'\JwLlJ'UeJ'm1m';i~1m1l.l (Z) "tlB-:J'\J~1xi1~6m';i"tJB-:J Hoenig (1982: 1-10) 

(6.5) 

" Cl.I v ' 0 tc = B1~LL';iff'ltJ"tl€M?lm'U1 

Ct = rl1fl1'U1(U'11f1~-:in-&'U"LJB-:J"tl'U1V1~1B~1-:J 

'\J';i~LlJ'UeJ~';j1f11';imti1vitiu';i';il.1'1l1~ (M) ~1l.11Gf11';i"LJB-:J Pauly (1980: 175-

192) 1vitiei1iai'tir11m1l.ltl11?1-:J?IV1 (Loc) rl1'Vi1';i1i1L~B1f11';iL~tJ 1~ (K) LL~~ Bruvt.nlJ"tJB-:JJ1 (T) L~B 
\I , , \I 

'\Jwl.l1rur11G1'l.l'\J';i~~viBm';imti1 'Uli';i';il.1'111~ (Z) ~-:J?ll.Jf11';j~ (6.6) 

LogM = -0.0066 - 0.279Logloc + 0.6543logK +0.4634llogT (6.6) 

Loc = fl11l.ltJ11?1-:J?IV1"tJB-:itlm 
'IJ ' 

K = rl1'Vi1';i1i1L~B1"tJB-:Jf11';iL'1~t\JL~tJ 1~ 
" 

T = Bruvt.nlJt11 
' 'IJ 
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1~CJ~e:iruV1nfau~CJ'lle:i ,nl11'ue)111vm~u11ijiohe:i~~ 29. 17 e:i-:iP11b'll~b~CJ'1 
' \J \J 

(n e:i-:i '111T'1 Lb 'V!ci-:itJ wl.l-:i, 2521 : 7) zj,:i b~ e:ii11ri1~111il bill e:ii ~h-:i ri bb~:::e:i ruV1niltl11 tJ Lb 'Vl'Url1 L 'U 
I ' " 

'1l.lfl11~ (6.6) rl-.i1:::'11m1'1tJ1:::mruri1eYm1rn1mCJ 1~CJ511l.l"111~ (M) 'llv-:itJ~1VJbb~~:::m~'e:il"l 1~ 
\J 

bb~::: b~v-:i'11 neJlll11 rn1mCJ11lJ tJ1::: n e:iu~1 CJ'1v-:i'11b 'Vllll~e:i rn1m CJ 1~ti511l.l"111~ bb~:::rn1mti 1~ ti 
' 

fl11vl1fl11U WlJ-:i~-:ii!'U~-:i'11lJ11'1U1::: bil'U er \9111 fl111ll1 CJ'11nfl11vl1U1:::l.J-:i (F) 'LJv-:itJ ~ 1'Vl bb~~ :::'1 ~tll"I 
\J 

(bb~:::b~P!) 1~~1CJfl11~UeJlll11fl111ll1CJ11lJ (Z) ~1CJeJlll11fl111ll1CJL~CJ511lJ"ll1~ (M) ~-:i'1l.Jfl11~ 6.7 

F=Z-M (6.7) 

6 .2.6.5 bbuu'11~e:i-:it-J~~u ~ e:i'Vlt11CJ'Vl~bb'Vl'U~ (Yield per recruit model) 

bbuu'11~e:i-:it-J~~u~e:i'V!t11CJVJ~bb'Vl'U~ (Yield per recruitment model) 'Vl~tl 

bbuu'11~e:i-:i1~'U1ilm~~ (Dynamic pool model) '1:::btl'UbbUu'11~€MmitJ1:::biJ'Ut-J~rn1tJ1:::lJ-:ibb~::: 

1 -ti'L tl'Ubb 'U1VJ1-:i L 'Urn111-:immrn11 'Urn1~~m1tJ1:::lJ-:i b ~€1 1 ~m1tJ1:::lJ-:ie:i~"l 'U1:::~u~t-J~~u'11n6"1ll1 

L 'U~'UL~~'U'Vl~-:iijtl1wunmn~'1~ (Maximum yield per recruitment) 'Vl~€JvtJL 'U1:::~u~~n111 , , , \I 

mn~~~ (Manimum economic yield) (tJ~"111 , 2520n 'll : 1-107) 1~CJ'1:::vl1fl11lbl"l11:::~t-J~~u~e:i 

'Vli.11 CJfl11'Vl~bb'Vl'U~'LJe:i-:itJmVJml.l16'LJ€J-:i Beverton and Holt (1957: 1-533) zj,:itJ-S'utJ1-:i L~CJ 
\J ' 

Gulland (1969: 1-154) 1m ~'1l.lm1m1l.l6"l.l~'U5l1'~-:i'1l.lm1~ (6.8) 

Y/R -M(tc-tr) 2 2 
= Fe Woc [ 1/ Z-3S/Z+K+3S /Z+2K + S /Z+3K] 

S 
-k(tc-tO) 

= e 

K ri1~111falllvi'LJe:i-:im1L'1~'1Jb~u Lill 

to = tl1CJ'1l.JlJ~'lle:i-:itJm~ijl"l11lJCJ 11btl'UPl'U~ 
' \J 

tc = mmb1n~u'LJe:i-:itJm 
' 

.1 d ... d 
tr = tl1~'LJ€J-:ium'Vlb'LJ1l.J1'Vl~bb'Vl'U'Vl 

w oc = tl1V1tl'n'1-:i'1~'lle:i-:i{;]1tJm 
\J ' 

' F = 6"l.ltJW~'Vl6m1mCJ L~tim1tJ1:::lJ-:i 

M = 6"l.ltJW~'Vltfl111ll1CJ L 'U511l.J"1J1~ 
z = 6"l.ltJ1:::~'Vltfl111ll1CJ11lJ 

(6.8) 
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., .. 
6.2.6. 7 '1Jt.n~bb~Wil'U'VlbVl:W1:::'1:W 

v11m11bm1:::~ri1'll'U1~bb1n~u~ b vim:::'1:w~"il:::v11m1i.J1:::u\ltkn'Vl 1 'Ua111 'Vlti 
\J 

m:Wbb'U'U"ii'16'1B-:J'lleN Beverton and Holt (1957: 1-533) 1'11:W'1:Wfl11~ (6.9) 

Y/R = FRWoc e-M(tc-tr) L (Un e-nK(tc-tO)/F+M+nK) 

I .,j 

R = Vl'U1tlfl11'Vl~bb'Vl'U'Vl 

Un = U0 = 1, U1 = -3, U2 = 3, U3 = -1 

K = A1Yl111fal'lB1'1JB-:Jfl11b"il~qjb~'U Ll'l 

~ .,1.. ~I ' to = €11~'1:W:Wl'l'lJB-:Ji.J6'11'Vl:Wfl11:WtJ11 b u'U~'UtJ 

tc m~bb 1fl~'U'lJB-:Ji.Jm 
.1 d ,, d 

tr = m~'llmu6'11'Vlb'lJ1lJ1'Vl~bb'Vl'U'Vl 

Woc = J1vi'U'nG1-:i'1~'1JB-:J~1tlm 
\J ' 

F = '1:wi.Jw~'V1Bm1mti 1~tim1i.J1::::w-:i 

M = '1:wi.J1:::~'V1Bm1mti1'U511:w"111~ 

(6.9) 

"il1fl'1:Wfl11 (9) '11~~~bL D6'1-:Jt111 i.Ji.J1::: Li1'UVl1'1J'U1~LL 1fl~'U~L Vl:W1:::'1:W~1tlfl11 

1Ll'l11:::~vi1i.J~:w1rut:-J6'1~um:wLL~6'1:::'1J'U1~LL 1n~u~LL\Jln~1-:in'UBBn 1 iJ 1~ti L i.J~ti'U"il1nm~ LL 1n~u L tl'U 

fl11:W tl11LL1fl~'U bL~1i.J1::: Li1'UVl1 t:-JG'l~'U LL~6'1:::'1J'U1 ~U6'11 zj,:iv)1 L i'i'U fl11fatJ1 i fl11l Ll'l11:::~"il1fl L:W'U 
\J 

Beverton & Holt Y/R Analysis 'lJB-:i1i.J1LLm:w Fisat II 

6.3 ~fitm,.f4n~1 

"il1nm1v11Li'i'Wm1Pin~11i.J LL uum1L~u 11'1 i4-:in-B''Um1L~u 11J1 m1mti LL6'1:::1:::~um1v11i.J1::::w-:i 
\J 

~ L VllJ1:::'1:W'UB-:Ji.J6'11\j LL~6'1:::'1~Bfl 1 'UB111 'Vl tJ m:w~'Ul'l B'U~1-:J I ~-:i1~nci11:wi~1-:i\PlmL~1i!'Ut:-J6'1 
m1Pi n~1~-:i nci11'11m1tiBB'U 1ti1~ m:w'11 ~'U~'U \JI B'U ~-:i'1 

6.3.1 m,.\Jln~atiu ~'IJ~'IJ nTiaa~1.:i1.:i1''1J L '1Jm::\Jln'Vltlfit1'VI 
\J \J " 

t:-J6'1'11D"il1 fl fl11\Jl11"il '1B'U ~'UEJ'U fl11'1~1-:11-:11'U 1 'Um:::~ fl'Vltl 6'11'Vl ~'UEJ'U 1~11tl6'11Vli1 fl11 
, \.I \I \I \I 

'1~1-:11-:i'J'U (Daily ring) 1 'Wnw~nVl"il~\I Vl~\l"il1flif 'U1\11''U"il:::b ~:W~'U'Vln1'UIJl6'1B~fl11L~'U Ll'l'UB-:Ji.J6'11 
\J \J ' 

bL'1~-:!11tJ6'1:::LBtJ~ 1~~-:im11-:i~ 6.2 



'11nl'ti <1u> 

3 

5 

12 

15 

20 

~1u1u1~1'u~uul~'11n 

n1::ttn\ll (1~) 
v v 

2 

4 

11 

14 

19 

.,.,~I t., 
6.3.2 A1111i111'W'Llt>1::\1111~A1111t111u.a::u1\llun 

100 

e.Jl;l'11tl~1nm11Lfl11::~vr1rn1l.!Gll.lfruth::vr-l1.:ift11l.lm1u.a::J1vri1n 11l.l~.:J\Jl11~'1t1U • 
it1LLuum1L~UL\Jl (ti'1m1L~'1cyL~UL\Jl'tlt1.:itll;IT~!1mh11'Vlmtluu.uu1v1~Ll.l\Jl'1n 1"11 b Li.J'1l.lm1~t1.:i 

,, 
iil"l1Lvi1nu 3 ~.:ii!u ~.:ivhm1'Vl~'1t1ul"l1 b 'Vl1.:J'1i1~u.uu t-test 'tlv.:itla1'Vlu.~fo::'1~vfl 'tlv.:Jtll;l1'Vl 

u u 

~1n~.:i 4 '1~afl e.Ji;1'11tlu.'1~.:il~~.:i\Jl111.:i~ 6.3 • 



1J11-a1.:ivi 6.3 aim1-af'1113.1a3.1wcu5-a::"H11.:ithv1tl'nnuf'l113.1m1"!la.:i'\.J~n~a~afl~1.:i 91 lcue111l'Vlv 

bb~::~~mca'Vl~aauca'\.Jbb uumcab~u L\J'I 
" 

~cuvif1n"li1 a3.1m-al cu-a'\.J.W.:ini'cuvnn1~.:i fi1b (p) 
" 

a111 'Vl(J\J1::1'Ueiein W = 0.00001 TL
3

.
02 

= 3 (0.05) 

B111 'Vl(J\J'lffUU'U W = 0.0001 TL 
2

·
56 

1' 3 (0.05) 

a111 'Vl(J\J'leJ'Umn.:i W = 0.0007 TL 
2

·
22 

1' 3 (0.05) 

a111 'V1()\J1tl'U~1.:i W = 0.00002 TL 
2

·
90 

= 3 (0.05) 
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'11n\J11'.i1-:I~ 6.3 ~Ul1n1'.ib'1~~b~U L\J161Jtl-:!U'11~1 'UB111 'Vl(J1 'U~'U~ a111 'Vl(J\J'ltl'UU'U 

bb'1::a111'Vl(J1J1eJ'Un'11.:i1lJLtl'U1tJ1J11l.l'.iULLuu1ei L'llbl.J\J'l~n Ltiei.:i'11nm'.i'VIV1'1eiu'V11.:i'1~~fi1 b 1 'W'1iln1'.i 
'\J 

iir-h1lJLv11nu 3 ('11nm'.i'VIV1'1eiu'V11.:1'1~~bbuu t-test ~'.i::~uumh~,~~eJ(J'1:: 95) bb~'11nm'.i 

1J1'.i1'1'1eium'.i?in~1m1ii61ii~'Ui:b::V111.:iJ1V1tl'nnum1i1()11tJ'11'VI 1 'W~'U~a111 'VI ()1J1::1'Ueiein a11 
'\J 

1 I .f .J.,j ::: .J .J I/ ( .. V I 

'Vl(J\J1eJ'U'11-:J bb'1::~'U'Vltl'U I '.i1lJ'Vl-:1'11rnein'11'.i'Vlbn(J161Jtl-:I Froese et al. , 2013: 1-7) ~U(J'U(J'U11 

tJm'Vlii'.itJ Lb uum'.iL~u 11'1 L tl'U Lb uu lei L61JbiJl'l~n '1eiviri~ei.:inu-Uein1V1'Uvi61Jei.:iLLuu'11'1ei.:im'.iL~u 11'1 
'\J '\J 

61Jtl'I von Bertalanffy ( 1938: 181-213) ~.:iJ'U~-:1'11lJ1'.i'11-tl'bb uu'11'1ei.:i~.:in~11'11ii1'.i'1i.11ii11.ff 

ei6u1(Jn1'.ib~U 1111'1Jei.:itJ'11'VI bb~'1::'1~eiri 1 'Ua111'Vl(J11'1 ~1'U'11bV1111vivh1 ~1"11 b 1'W'1iln1'.i~Fl1'U1ru11'1 
'\J , 

'11n!Pi'1ei~1.:ivtlm 'Wm'.i?in~1ri~.:idiifi11lJ Lv11nu 3 i!'U Lfivi'11nm'.iL~ein~u'lleMbfl~ei.:iijeitJ'.i::ii.:i1 'U 

tJ 
.J,.,, •t"tJ a , .J d ""tJ "'1" a , ., 

m'Vl'Vl'1iimei(J1.:i 'Vl1 'VI '11'Vl61J'U1Vlb'1nm1'Vlbfl'.ieJ.:iiiei '.i::ii.:i'1::'1u vi (61J'U1Vlb'1nm1'1J'U1Vlbb'.in'1u) 
'\J , '\J 

1lJ'1ni.11ii1'.i1ii1 'Un1'.i1 bfl1::'Vl1 'Wri~.:id ~.:iei1'1vh 1 ~ioh61iitJ'.i::~'Vlt b 1lJLv11nu 3 'UeJn'11ndfi1 
'\J 

61iitJ'.i::~'Vlt a bb'1:: b '11n'1lJn1'.ibb'1Vl'lfl11lJ61'lJ~'U5'.i::'Vl11'1tl1'VltJnnum1ii(J11i!mr.:i~ei 11'1'1.:im1ii 

eiviii'1iiu'.iru'1J ei.:1~1.:i m ()'1Jei.:itJ'11'VI 1 'Ubb~ '1::'1 ~ eiri bb'1 ::m'1iifi11lJ b v11n'U1 'U bb~'1 ::'1~ei!'l~.:iei1'1 L ~'U 
, '\J '\J 

'11b'Vll'l'Vl~.:ivim'1vh1 ~1"11 b 1lJ b v11 nu 3 1vlt 'UU'11'VIU1-:!'1~tlfl 11'1 bb~tl ~1'1 bn1111i1'11n.LJ'eii1'1'Vl1-:! 
' '\J '\J 

~1tJ'.i::ni61Jei.:itJm611'Wvidv'U~'Ubb~111ii'.itJ Lb uu n1'.ib~U Ll'lbb uu 1ei L61JbiJl'l~n ~.:ii!'Ubb uu'11'1eJ'l'lleJ'I von 
'\J 

Bertalanffy ( 1938: 181-213) ~.:i'11ii1'.i'11-tiei5m(Jn1'.ib~u Ll'l61Jei.:itJm'Vl1 'Wm'.i?im~nri~.:iffil'1 
'\J 

6.3.3 n1-a'\.J-a::3.11rufi1a3.1'\.J-a::~'Vl~"!la.:if'l113.1~cuLL'\.Jca"!le>.:im-ae11cuei1mfo1'VI . " 
'11n~1bD'Um'.ifl1'U1ru1"1161iitJ '.i::~'VI t'llei.:i m 1ii ~'U bb U'.i'lleJ'I m'.iB1'U ei1(JU'11'Vl~B1'U11'1 

• '\J 

'11nerei1'U~.:i 3 !'l'U !'11i1'1l.lm'.ivi 2 ir'U~u11 fi161iitJ'.i::~'Vlt61Jm!'l11ii~'Ubb tJ'.iiifi1ei~'.i::V111.:i~ei(J'1:: 
'\J '\J 

17. 79-23.27 (bb'1vi.:i 11'1~.:im'.i1.:i~ 6.4) 



• 
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fi1tl'l.Jth::~vi~'tla.:if't11l.J~'IJbbtl·~"t1a.:im-aei1'1Ja1~tli;i1~ ± 
' d fl1b uv.:i bU'IJl.J1~-a11'1J 

23.27±16.31 

21.30±15.04 

17.79±11.66 

19.85±12.34 

20.55±14.30 

6.3.3 n1'ab tl'ivu bViVUB~'a1n1'ab~\J 1~-a::V111.:i b 'WA bbi;t::'a::'Vl11.:ifl~vfl 

b ~eim1'1~ei'IJ11B'm1nTH~'IJ1vi·rnvt11'ltJ"11vi b Yll"ler bb"1~ b Yll"l bijvijm1l.l bbvin~1'ln'U 
" " 

I CV ci. ~ I o.I ii .r:::i1 1 I JI .J ~ V 1 .r:::lll 

covariance) Yl'\J11€Jm1fl1'SbVl'U bm~vt11'l u"11Vlb Yll"li:..J bb"1~b Yll"lbl.JV 'UbbV1"1~Yl'UVlbn'Uvi1eiv1'll.Jfl11l.J 
" " 

bbvin~1'ln'UV11'l~'1~ (p<0.05) bb~~'l.Qb~eJfl11l.JijtJ'S~~vi5fl1Yl bb"1~41v~1vt~'\Jfl1'S'll1m1m'SPim~n-d 

1 tJ1-til 'Ufl1'S'\J~vt1'S~lil m'S m'SPi m~1fl~'l.Q~'l~1 b ti'U fl1'S1bfl'S1~~tJ'S~l.J1ru~1Yl1'S1ihvieiim'Sb~'U1vi 

~1'l I (1vi'bbri~1Yl1'S1ihvieii'llei'l fl1'Sb'1~11Jb~'\J 1vi bb"1~m1l.lm1~'l~lil'lleJ'ltJm) bb'\J'\J'S1l.lb Yll"l 

bb"1~ b ~eivilil~ei'IJ11B'vi'S1m'Sb~'IJ 1vi'llei'ltJ"11vi 1 'Ubb~"1~61~eiflijfl11l.l bbvin~1'ln'Wvt~ei 1lJ ~'l 
" 

~1 b ti'U fl1'SVllil~eJ'\Jvl1 v fl1'Sl bfl'S1~~fl11l.Jbb U'SU'S1'U ~1l.J ANCOVA (Analysis of covariance) 

b "ti'Ub~ V1 n'U bb"1~Yl'\Jl1 hJijm1l.J bbVI n ~ 1'l'1Jel'lB VI 'S1fl1'Sb~'\J bV1'1Jel'lU"11Vl~'l ~el'l b Yll"l'S~'V!l1'l~ ~el fl 
" 

~1'l 61 bb~ b ~eJ'l'11ni:..J"1 m'SPi m~1ei'll"1tJ'S~nei'IJV11'l bflffi 'U m~lilnvtU"11Vl bb~"1~~'U~ bn'Ulli'1ei~1'l ~'U~'U 
I \I \I " 

l1U"11Vl~'l~~'U~ ( ei111 V1 vvi~1'Ueiein ei111 VlVV!el'U'U'U ei111 VlVV!el'U n"11'l bb"1~B111 V1VV!el'U~1'l) ~ 
" 

'SUbb'IJ'Uei'll"1tJwnei'Uvi1'lbflffi 'Um~lilvtbbvi n~1'ln'U~1l.J1'S'1'11bb'Un1vi' dJ'U 4 ~~eifl ~'l,r'U 1 'Um'SPirn.~1 
" "" 
1 'U'IJV1.Q~'l'1~~1b ii'Um'S1 bfl'S1~~m mb"1~fl1'Sb~'\J 1vi'lleJ'lU"11Vl bb 'IJ'\J'S'Jl.Jb Yll11'11bb 'Uflb tJ'U 4 ~~eiflvi1l.J . " 
3 d ~ CV I 

Yl'UV1bn'UV11€JV1'l 

6.3.3 tl1Vbbf;l::fl1'ab'l°itUb~\J 1vi . ... 

1 itJ'S~mru~1Yl1'S1iJ bvieiim'S b'1~11J b~'\J 1vi ml.J15m'S1 bfl'S1~~m1l.l61'l.l~'UBbb 'IJ'\J 1lJb U'Ub61'UV!'S'l LlilV 

bl.I~ Analysis of length-at-age data 1'ULU'Sbbfl'Sl.J Fisat II zj'l1vl~1Yl1'S1ihviei{~1'l I ~'lbb~lil'l1'U 
d 

Vl1'S1'lV1 6.5 



\Jl1'31{1~ 6.5 fl1~11\h::avi~n1'3b~'U11Jl (K) bb~::fl1111tl11~.:iqi;i CLoc) "IJlJ.:jtJ~1~a~t1fl9i1.:i 81 L'LI 

ei11lvit1 

fi1~11t1'3::avi~m'3b~u 11Jl 
D 

(K)/U ± fl1111fl~1i;lbfl~ll'LI 
fi1fl1111t111~.:iqi;i (Loc) (1111) 

a1J1t1fl 
col 

111\Jl'3~1'LI 
± fl1111fl~1\;lbfl~ll'Ll3J1\Jl'3J1'LI 

... 
eh1 lvm1J1~1i..ie:ie:in 3.95±2.01 

a 
192.23±8.25 

a 

B111 'VlV\Jle:JtJ'UtJ 2.70±1.80 
b 

206.88±18.00 
b 

B111 'VlV\Jle:Jt.!fl'11.:J 2.44±0.99 
c 

220.63±15.77 
c 

B111 'VlV\Jle:Jt.!~1~ 4.39±2.81 
d 

189.64±5.67 
d 
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Vl111tl b Vl\Jl : ~1B fl~'S01tl'Url1rl1~lJ'lJ'S~~'VlBflTH~'U L\Jl bb'1~rl1fl11l.JV11'1~61~1 t.!bb t.!1 ~.:] '11~1.:i tlt.!bb'1~.:J 
• \J ' 

'1~iJrn1l.l LL\Jl n~1.:i ni..i'Vl1.:i'1~~ ( 'Vl~61e:iu~1 v15m-s'Vl~61e:iu~ ~~1i..iri11l.l L lli..i 1 tJ1~) 

~1V11'uri1m v'1:w:w~ Lde:irn1:w m1~1'llm'VlL vi1 nuf'!i..itl ( t0) i!i..i m-sPin~1ri~.:i'1L~e:Jfl 1-tl 
, , \I \I 

.LJ'e:il.l'1'Vl1~~1'll -s~1~ 1~ v 1 -tlri11l.l v11~1 ~ L~l.l~ ne:ie:inm L lli..i~1 zj,:i~e:i11 L lli..iri1~ LL Vf '1~~ LL'1~'1 fl~ e:i~ 
\J \J 

LL'1~Yiu11'llm~ iJri11l.lm1LL-smfi~Lo~ve:i~~ 2.29±0.115 i1'1~Ll.l\Jl'S (~'Vl6-tlv ~'Vl6tJ-s-s:w LL'1~riru~ . 

2555: 176-189) ~.:imP1v'1:Wfl1'Sfl11lJ~lJ~W561Je:i~ Gulland (1969: 1-154) 'll-s~:w1ru1~ri1mv 
' 

1J11'31.:i~ 6.6 fi1mva1111~ ult1fl1111m1~1t1~1vi LvhnuA'Lla Cto) "llt1.:itl~1via~t1fl~1.:i el L'LI 
, " " " " I 

ei11lvit1 

D fi1t11va1111~L~t1fl1111v11~1t1~1viLvhnuAua Ct0) a1J1t1fl , , " " 
B111 'VlV\Jl~-Jt.ie:Je:Jfl -0.003 

B111 'VlV\Jle:JtJ'UtJ -0.004 

B111 'VlV\Jle:J'Ufl'11.:J -0.004 

B111 'VlV\Jle:Jt.!~1.:J -0.003 

LdmJ1~.rn m-s'll-s:: LlJ'Url1'Yi1-s1fa1J1e:i1m-sL&iu L1J161Je:J~'ll'11'Vl~1~~1 L Du m-sm LL~1 (K, Loc 
\J 

LL'1~ t0) :w1LL 'Vlt.il°i11 t.!LL 'U'U~1i;ie:i.:i fl1'SL&i'U L\Jl61Je:J.:J von Bertalanffy (1938: 181-213) L ~e:J'Vl1 

rn1l.l~:w~i..it5-s~V111~rn1l.l v11LL'1::mv61Je:i.:i'llmwil~1~'1l.l fl1'SLL'1~~ 111 t.11J11-s1.:i~ 6. 7 1~v 1~~1'U1ru 
' \J 
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ri1 Growth performance indices (0') Hb~eJm1"ill;feJ'Ufl11lJ1..hbzjeJ~eJ'lleJ\ln11rl1't.rJru11l'l.Jm11\I 

~\In~ 11 Jl11:.J brn::: "il 1nm..1n11 fl11lJ '1lJ~ 'l.J 5~\I n ~ 1Tu 1lJ 1 bb'1 \91\1 m1~ fl11lJ '1lJ~'l.J 51 :::t-111\1fl11lJE.J11 

• I 1 I 1 ' .J' .J... 1 .J bbi;'l:::eJ11:.J'lJeJ\lui;'l1'Vl 'l.JeJ11 'Vll:J bbl'li;'l:::'W'l.J'V113fn'\~1 bb'1\91\I 'l.J.fl1'W'Vl 6.6 . " 

J .Jft W'IJVI n~n von Bertalanffy growth function 

~111 'VlE.Jl'l:::i'i.rne:in L1 =l 92.23[l-e-<39s(1-0003)] 

~111 'Vll:Jl'leJ'IJ'U'l.J L1 = 206.88[1- e-<2.1ou-o.004)] 

~111 'VlE.Jl'leJ'Wnm\I L1 = 220.63[1- e-<244(1-0.004)] 

~111 'Vll:Jl'leJ'W~1\I L1 = 189.64[1- e-<439(1-0003)] 

Parameters: Loo•192.23 ; K•3.9S ;and to~ .00 PSameters: Loo;206 .88 ; K•2.70 ;end to-0.00 

216.0 

1605 162.0 

~ ~ t 107 .0 t 108.0 

535 54.0 

0.0 ....._ __ ____._ ___ __._ ___ ..__ __ __, 0.0 

0.0 0 .4 O.B 

~(years) 

Parameters: Loo:220.63: K•2.44 ;andto-0.00 

1695 

~ 

t 113.0 

56.5 

0.0 

0.0 0.4 0.6 

Age (years) 

1.1 

1.1 

1.5 

1.5 

0.0 0 .4 0.6 

~(V-•) 

~111 'Vll:Jl'leJ'l.J'U'W 
PMameters: L~199.&4; K•4 .39 ;and to•0.00 

147.B 

~ 

t 98.5 

49.3 

0.0 

0 .0 0 .4 0.6 

Age (yeors) 

0' 

5.16 

5.06 

5.08 

5.20 

1 .1 1.5 

1.1 1.5 
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C.J'1fl11tJ 1~:w 1 ru ri1er~11fl11~1 v11 :w (Z) 'll8-:JU'11'Vl bbl'i '1~G1~8ri1'LIB111'Vlti11il ti 81 Pi' ti 
'\) 

oLJ8:W'1€!1tJG1-:JG1\il'lJ8-:Jlii'18~1-:im:w15'1J8-:J Hoenio (1982: 1-10) bb'1~fl11tJwmruri1~:wtJ1~~'Vl'Bm1 
\J "" , ::> 

~1ti b\iltJ511:W"1l1~ (M) blilti1it:ub\il'1'1J8-:J Pauly ( 1980: 175-192) bb'1~m1tJ1~mruri1~:wtJw~'Vl'B 

m1mtibliltifl11tJ1~:w-:i (F) m:w6'1:Wfl11~ (6.7) YlU11ri1~:wtJ1~~'Vlfifl11~1v11:w (Z) 'll8-:JU'11X] 

G1~8ril'i1-:i i 1'LIB111'Vltii1ri18tj1~'Vll1-:J 3.03-3.99 l'i8U ~:wtJ1~~'Vl'Bm1~1ti1'U511:W"1l1~W'Vll1-:J 

2.15-2.69 l'i8u bb'1~~:wtJ1~~'Vl'Bm1~1ti bliltim1tJ1~:w-:i8~1~'Vl11-:i 0.88-1.30 l'i8u C.J'1fl111bri11~~ 
'\) 

ri1~:wtJ1~~'VlBm1mvlli1-:i I bbG11il-:i1~~-:im1 1 -:i~ 6.8 zj-:i1i~'111ru11~11 er~11fl11~1v11:w m1mv 

b\il tJ511:W"1l1~ bb'1~ fl11~1 tJ b\il tJ fl11vl1UW:W-:J'lJ8-:JU'11'Vl bbl'i'1 ~G1 ~8rii'.1m1:w bb~ fllli1-:in'U 
'\) 

l911-a1.:i~ 6.a 1"11fl'l.lt1-a~a'Vl~m-al911a-a1lJ l"i1fl'l.lt1-a~a'Vl~m-al911a l\ila5-a-alJ'tl1~ bb~~l"i1fl'l.lt1-a~a'Vl~m-a 
11ilvm-atl-a~lJ.:i (l'i8tl) L'ULL~~~a0le:il'ltl~1'Vl 

'U 

' ' l"i1fl'l.lt1-a~a'V15m-a 
,,, l"i 1 fl' l.ltl -a~a'Vl 5 m -a l"i1fl'l.ltl-a~a'V15m-amv 

l911V L\ilVn1'atl'a~lJ{j al9le:il'l 
mvnl.I (~e:itl) b\ilV5'a'alJ'tl1~ (~e:JU) 

(~e:itl) 

B111 'Vlti~~1'U88fl 5.16 2.66 2.50 

B111 'Vlti~8'UU'U 4.77 2.46 2.31 

B111 'Vlti~B'Ufl'11\l 3.81 2.15 1.66 

B111'Vlti~8'U~1-:i 5.42 2.69 2.73 

il'1~b:W~1 ~1:w11ti-:J1'U'llv-:J '111111111 b:W~~:w'W'Ufi (2557: 28) C.J'1fl111bri11~~G11tl11'VlflG1~8Fltl'11'Vli1 , " , " 
1~~um11itJ1~1ti"Utl (Exploitation ratio: E) (zj-:i~8~-:i1~~uv11m1tl1~:w-:i) 8tJL'U'1\il~bn'Uw~u 

'\) ' 
fl 111itJ1~ 1v "Utl~ b V1:w1~G1:w1tJbb~1 (n 1Yl~ 6. 7) 11il ti 1'LIG1~8 ritl '11'Vl B111'Vlti~~1'U8 8 fl B 111 'Vl ti 

'\) 

~8'UU'U B111 'Vlti~8'Ufl'11-:J bb'1~ B111 'Vlti~8'U~1-:J n1~~um11it11~ btJ"UtJ (1~~Uvl1fl11U1~:W-:J) ~'1~ 
0 1 !if1 ii QJ I I d d 1d 0 V 

'Vl1 'Vlb\ile.J'1'1U~8'Vl'U1tlfl11'Vl\ilbb'Vl'U'Vl6'1-:J'Vl6'1\il (Emax) BtJ'Vl 0.49, 0.46, 0.46 bb'1~ 0.50 ~1:W'11\ilU 
'\) ' '\) 

bb'1~i11~~um11it11~1v"Utl~'1~ri-:i b 'Vl~8m'1~1n1Ylt1mxiri~-:i'Vl~-:i1'UG1~8ri11l 'Uu11:w"U1~ (E0.5) b ~8 

c.i~~'1fl'W'U6b-LJ'1m'Vl\ilbb'Vl'U~bvi1nu o.32, o.30, o.30 bb'1~ o.32 m:w'11~u 11:w~-:in1~~um11i 
'\) ' 

tl1~ btJ"1ltJ~'1~fl-:Jb'Vl~8:1J1'1~1Jl1YlU'11XJ~8tJ'1~ 10 1'UG1~8fl11l 'U511:W"1l1~ (E0.1) b~8C.J~~~fl'W'UqboLJ1 
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""' ' ., 
0 

., 1 ..j' ., 1"· 1 'i ' l.J1'Vl~l.t'Vl'U'VIL'V11nU 0.42, 0.36, 0.36 i.tm: 0.41 \Jl1l.J"11~U 'U'UUJ::'Vlfl1B\Jl'J1n1'J '!1u'J::LfJ'!1'U ru 

u~~i:ruvir11u1ru1~~1nm"J'111r11-51J1'J1nT~\Jl1v1~vm1th::ll.:ivr11~1vr11-51J111m11J11v1111 (1J1111.:ivi • 
6.8) 'V'l'Uiifi1mlvi 0.49, 0.49, 0.44 LLflt o.so L'U'1~Bfltl"11V1e:h11'VIEJ1J1::1''Ueiein e:h11'VIEJ\JlB'U'U'U 

~ ~ 

e:h11 vtEJ\JlB'Umn.:i ua:: e:l111 vtEJ1J1B'Ui;i1.:i \Jl1l.J~1~'1.J 

~.:itY'U~.:i'11tl11 ru m1vhm1t.h::11.:iu~~u'U L 'U'Vln'1 ~Bfltla1vttY'Lliir111::~u m11-H 
, , • 'U 

tl1:: 1v"!ltiLn'Lln111::~um11itl1::1v'ln1vi~::fl.:iL vr~eil.J1a"ii1.n1'Vitla1vtfl~.:ivri'i.:i 1'Ll'1~eifl111. 'Uu1111'!11~ 
~ 

(E0.5) vr1vu~m::vi'.:ifl.:iL'Vl~Bl.J'Ja~1.n1°r'ft.la1~~eiva:: 10 L 'U'1~em 111. 'Uu1111'!11~ (E0.1) L ~B~~\Jl~n 

~'U~L "li1l.J1vt~u vt'U~ua1~.:ii'Uvtn'1~Bfl .n1'V'lvi 6. 7 ua:: 1~v'11'Llmnr11-51J111m11-b'·1.h:: LEJ'!1tiu~~u'U , . , 

gm Y/R and BIR Pklt. .. [!Qj \i1ov1Rwod8/RP!ot ... 

Relative Y /R and B/R (Knif<H>dge Selection) Relative Y /R and B/R (Kni ....... dge SelectioR) 

l.clloa li16il l.CJ\.oo: jliVs 
1.00 0 .19 Mill ~ 1.00 0.13 Mill IMi1 

" 2 0 .16 
2 2 0 .11 

~ 0.75 t. To clwr>ge lhe LcJl..oo e 0.75 t. To clwrQe lhe LcJl..oo 

'!! i 
value, enter a new i '!! vabl.er1'eranew 

~ 0.13 yak.Je ii the tetd. bclll: Of 2 valJe n the tC)d; bolC Of 

0: 

i 
""""'lhesklebar 0: 0: """'lhesklebar 

! (below(- .... - .. 
i 

{bolow)_lhe_ 
0.50 - 0.10 : 050 - ow 

~ i O.ll6 .!J J .!J ~ i OJl4 .!J J .!J 
t 0.25 i 025 1i ... 0: 0: 
11 
0: 0113 

E-10: ~ "' E·!Q lli355 
0.00 E.SQ I03i8 0.00 E.SO: Jfil97 

02 0.4 0.6 0 .8 ID E......, 1o:489 
02 0.4 0.6 0.8 1.0 r.._ lo:458 

--(E) -ralio(E) 

frinl J;lose frinl J;lose 

\i10 Y/R and BIR Plot... iOO k110 Y/R and BIR Plot... 

Relative Y /R and B/R (Knife-edge Selection) Relative Y/R and B/R (Knife-edge Selection) 

LcJl.oo: liiU6 LCJ\.oo~ 
1.00 0 .14 Mill Jo:8iif 1.00 021 Mill lo:6iJ 

2 .. 2 .. e 0.75 E To clwr>ge lhe LcJl..oo e 0.75 t. To clwr>ge lhe LcJl..oo 

'2 '!! vale., enbs a new i '!! vabl, erter a f'18¥ll 

g ~ 
vaUe n lhe text box Of 

~ 
0.14 vUi'lthelextboicor 

0: """"'lhe<idobar "' move the <lido bar .. 0: 
(below)_ the mouoe. .. 0: 

I 0.50 - j I 050 ~ 0.11 lbelowl - .... lllDU38. 

~ .8 a:! t .!J J .!J i 0.07 .!J J ..!...I 
t ... t 025 11 025 I "' I 0: 

0: 
E·10: ~ 

0: OJ14 
IG.4i4 E·lll 

0.00 E-5Q ro:m 0.00 E-5Q j""1ffi4 
02 0.4 0.6 0 .8 1.0 

[<nao< lo:458 02 0.4 O.S 0.8 10 lo::i98 E-mao: 
-ralio(E) -ralio(E) -

fl1'W~ 6. 7 ~a,Jufiilml1f.l'Vlf'ILL mnliT11~vifi'llil~tla1~ LLfia::aiiilfl tu£h1 l viv t 'LIM1101~wil'1'1U'LI 

\lnfl~u.afl~il~~:~um1t'6t11::wml w L1a1il"'lu'LI 
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tJ~Vl1':i~~ fl1':iU'11'Vl bbl'i~ ~61~e:iri 1 'UB'U1f1\9l:.;j\l~1 b iJ'Ufl1':i1bf1':i1~~'1i1\l'lJB\lWt1i'tJfl1':i1 .fftJ W fo'lltJbb~~ 
\I 

'll'U1~bb ':ifl~tJ~bVl:\.J1~61:1.J'lJB\lU'11'Vlbbl'l~~61~Bf1 H tu ~~ zj\l':i~t1i'tJfl1':i 1 otlU':i~ LCJ6lltJ bb~~'ll'U1~bb ':ifl~tJ~ 
\I 

bVlm~'1l.l'llB\lU~1X]bb1'1~~61~e:iribb61~\lL~t1i'..:iJl1-W~ 6.8 bb~~\911':i1\l~ 6.9 zj.,:i611m':ine:i6u1CJ1~11 ri1 

'll'U1~bb ':ifl~tJ~b Vll.11~61l.J'lJB\lU'11'Vl61~ Bf1B11 L 'VlCJ\9l~l'UBB fl B11 L 'VlCJ\9lB'UtJ'U B11 L 'VlCJ\9lB'Ufl'11\l bb~~ 
\I 

B11 L 'VlCJ\9lB'U~1\l~rl1'll'U1~bb ':ifl~tJ~bVll.!1~61l.JB~~ 0.65-0. 7 bvl1'lJB\lf111l.JCJ11'11~161\l61~ (Lu) zj.,:i~~ 
\I \I ' 

"il1flfl1':ifl1'U1tu'1i1\lf111l.JCJ11~ b Vll.11~61l.J"il1fl'1~~1'Ut1i'\lfl~11bb61~..:i11l 'U\911':i1\l~ 6. 9 ~1Vl-rtJeJ\9l':i1fl1':i 

1 "• I 1 '.J o 1 ~ " ., ' ' .J .J • I ~ "' '.J ., 6lJ u':i~ CJ6ll'U'Vl"il~'Vl1 VI b~~~"iltJ\9lBVl'U1CJfl1':i'Vl~bb'Vl'U'Vl61\l'Vl61~'lJB\lu'11'Vl'Vl\l 4 61\91Bf1BCJ'Vl':i~~tJ 0.6-1 
~ , ~ ~ 

Jl1~~ 6.8 ~~..iju~ei'Vl'Li1CJ'Vl~bb 'Vl'U~6"11-WV1l5"l1ei.:itl~1V1 bb~~::~Uieifl L'Uei11 LV1CJulve1'Ubb tl':i"ll'U1~bb ':in 
\I 

..ij'tJbb~~':i::~\Jn1':i 1-tltl':i:: bCJ"lltl 
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(;11'51.:J~ 6.9 "ll'U19lbb':in1[u (le) eJ(;l':i1n1':ib.ij'lh::lv'tftl (E) bb~::':i::~um':i'Vi1th::3.1.:i (F) ~b\un::a3.1 

it 1\1-r'Ubb~ ~::a~ t>fl\J~1'VI 
\J 

"" fl\;}t)fl Le/Lu Le (ij~~b:U~':i) E F 

B111 VlEJ\;l~l'UBBn 0.70-1.00 134.56-192.23 0.65-1.00 3.35-5.16 

a111 VlEJ(;ltJ'U'U'U 0.65-1.00 134.47-206.88 0.60-1.00 2.86-4.77 

B111 VlEJ\;lB'Umn-:i 0.65-1.00 143.41-220.63 0.60-1.00 2.29-3.81 

a11 h1EJ(;le:i'Uci1.:i 0.65-1.00 123.27-189.64 0.64-1.00 3.47-5.42 

'Ue:imn nd (;11l.JV!~ n1·1nm'j#n'Unlj~VJm'j\J'j~l.J.:i b 'j1'11m':itiV!1'1J'U1V1'1JB.:i~\;11J1~ 

ioi':u~1~'1vi~ b ·n;u~i.11m 1 i\J'j~ fo'lltl ti'1b'j1i.11vi-rvm1m~(;liJ1~'Um1 i\J'j~ bEJ'lltlbde:ii1e:i1EJinn(;lzj.:i , , , 01 

b tl'Ue:i1 ~~~\;11i1e1(;1 'j1n1'j b ~:u'1Je:i.:itl1wu n b vh n'UeJ(;l 'j1 n1'j(;l1 EJ1 'U'Ci'j'jl.J'1J1~ '1~ b tl'U n1'j~i.11bv1 

vi-rvm1m~'Wm1i\Jw1EJ'lltl~bnvi\J'j~ 1EJ'lltl'1.:i6'1vi (\J~'ll1, 2520n 'lJ: 1-107) zj.:i6'11:u1wvi1v1EJinn(;l 
\I , , 01 

t y = t 0 + ( 1/K) [(3K + M) /M] (6.10) 

t y = m~1nq\;1'1lv.:i\Jm~ 

t0 = ~1mEJ'1l.ll.l~bdvm1:um1~1\Jmvib'Vi1n'U~'U~ 
, , \I \I 

K = ~1i'fl'j1fa(;lv1'1lv.:im'jb'1~fllb~'U b(;l 

M = eJ(;l'j1n1'j(;l1EJbV1EJ'Ci'j'jl.J'lJ1~ 

zjwm111'U'1.fl11~ n1'j\J'j~l.J.:iU'1'1U'U'1Jv.:i ~~ ~'1~Bl°l b 'j1~'1~ 11'i'mEJ1nn{;l'lJB-:J\J~1'Vl , , 01 \I 

bvi1n'U 1.38, 1.59, 1.80 bb~~ 1.34 tJ brn~i1m1:uEJ11b'Vi1n'U 191.41, 201.93, 213.06 bb~~ 

189.20 ij~~bl.J(;l'j 1 'W'1~vl°l\J~1'Vlru.:ia11 h1EJ(;l::l'Uvvn a111 'VlEJ(;lB'U'U'U a111 Y1EJ(;lv'Un~1.:i bb~~B11 
\J 

1 'Vl EJ(;lv'Uci1.:i (;11l.J~1~'U zj.:iiJ'1 '1U'U'1~'Y'l'U'i1i:.J~~'U\J~1vii1'1l'U1V1 b~ n n11'1J'U 1vi m1:u EJ111 nn~ ~-:i nci 11 
' \J ·1 

~.:i~'U zj.:im'1~1b tl'U~mi1m'j'W'11'jflJ1\Jfo b ~:u~11°111:uEJ11 bb 'jn~'U 1 ~ b vim~6'1:un'U\J~1'Vlbb~~~'1~Bl°l 
\J 

1 'WB'U11°l\;l 1viEJ~m'ji1mmm'jl°l1'Ul°ll.ln1'j~'IJ\J~1'1J'U1vi 1 viru~b tl'U~mb~~'Ut51 mh.:i~\J~1vii1m'j 
, Ill , \I 
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6.4 1~1·attl~i;i 

eif el lJ" el 1 () bb" ~fl 11 b ~ u t ~ 'LJ el~ ii'~ 1J1 b lJ 'U eif el lJ "~ '11fl.f11 '11Vl-rufl11~fl~1Vl1~~1'U'V'I"1 ~ 
\I " " Q~ 

'tJ1~'1!1m m1'll1~ biJ'U~.fl11~vi~Y1tJ1 m bbfl~m1u~V1 11~{1)fl11'tJ1~l.l~ '11V1~u~~1J1'1lii{1)~1~ 'l 

(Campana, 2001: 197-242) fatJ'tl1fl~bb~11 'U'llfl1b 'lJ~~el'UeLJell.lfltl1tJ~~mh1l!fl 1~l.l1"il1flfl11 
" ' 

1 bfl11 ~~el~ rl'tJ 1~ flelU m 1l.l tJ 11'1! el ~'ll m zj~16m11bfl11 ~~~~ fl~11l'i'el~1-tl ~1el~1~'ll" 1 b U'U1ii'1'U1'U 

mrnbfl~i1~'U~el'Ufl111 bfl11~~~~uiel'U bbfl~m"il ~~~el ~ bnu~1el ~1~'llfl11 ~fl1elUflfll.lVlfl'V'U1{1) b U'U •• 
I II <0 .,j a l "" al 1 1~tJ~b1"1eltJ1~'UeltJ 12 b{?)el'U (Hoenig et al. , 1987: 343-352) ~1bVl~Vlfl11u1~bl.l'Uel1~ufl1 'Ub'LJ~ 

~el'UlJfltitJl.l1 bfl11~~"il1fl~1'UeLJell.lfl m1l.l tJ11'1Jel~~~1J1i!'Ub ~el~"il1n1 'Uel~~i1m1l.l b zjel11~1'Ubb ~~ .. " 
'Vel~'llfl1 t(?)tJ b1J'V'l1~fl1~{1)flVI 12.J~1m1ri 1-tl~11"il~elu1~tl1~ (Srinoparatwatana, 2009) bb~el~1~ hn 

" " 
~1l.l ~1 tJ1Bfl11~~~'U1~'U 11l.l~~ m1m1"il'V'IU 1fl1~~~1~1~1'U1 'Ufl1~{1)flVl'Vel~'llfl1 (Pannella, 

" " 
1971: 1124-1127) vh 1~U"il"ilD'Ub11~1l.l11ri1bfl11~~tl1tJ'Vm'llm1 'Ub 'V~~el'U 1~ zj~fl11~fl~1fl~~'1~ . ' 
~1l.l11fl~1b ti'Um11 bfl1 1~~mtJ bbfl~ m1 b~U t~'Vel~'tlfl1vi h1b ~el~l.l1"il1flfl111-tl'll1~ 1tJ'11tl"il1fl15m1 . " 

U1~ oLJ(?) fl1~{1) flVl"il'U1mbfl ~ ~1l.J11fll.Jel~ b ~'U1 ~1'U1Jl ~1 l.J nu fl111 offt 'll1 bbfl1l.l'11 b ~"il1'll lmaoeJ 
\I '\J " ::> 

(Rasband, 1997 - 2014: Web-Site) bU'Ubfl~el~l'.iel1 'Ufl11~11"il~elu1ii'1'U1'U1~1''U "il1fl,!'UeLJell.lfltl1tJ " . 
'Vel~'llfl1"il1m~1''Un"il~~1m1ri~1b'ii'U fl111 bfl11~V1'1Jlml.l15 The ageing method based on 

increment thickness (Ralston and Miyamoto, 1981: 83-88, 1983: 523-535; Ralston, 

1976: 990-994, 1985: 14-15) 

fl11~'U~'Uti~ fl11bfl{?)~'U'Vel~1~1'U b U'U~'U~el'U~'11fl. f1 I~ bb~{1)~111~1''U bfl{?)~'U 1 'Ufl1~{1)fl'Vf1'Ufl~ 
·~ " " 

1 1~"il~~ bbfl~ b ll'Ueif ell.Jfl~"il~~1m 1ri ~'U~'U 1~111i11'U1'U1~~ei1'U 1Jl"i11 m~{?) fl'Vlb ll'U~ bb 'UL"il 1Jl11 b ll'U 
" " " 

~1 bb Vl'U'Vel~1~1'U~ bb Yl"il~~ (Campana, 2001 : 197-242) zj~fl11~1b ii'Ufl11m1"il'1elU~'U~'Ufl11 

bfl{?)~'U'Vel~1~1''Ui1 el tj'Vlm tJ15m1 611V1fom1 ~ fl~11 'U fl~ ~'11JJ b~ el fl~ 1bti'Um1~ 11"il'1 elU m1 bfl{?)~'U 
., 1 • I a I .,j .,j 11 

"" ~I a I .,j "" 1 'i .":t .,j '1Jel~1~1'U 'Ufl1~{1)fl'Vlfl fl ufl1"il1 fl fl fl ufl1VlV1Vl11UeJ1tJV1 bb Vl"il1~ (b u'Ufl fl ufl1V1Vl bfl{?) 'U ~ 1~ b 'V'l1~TiflVl 
" \l'\J 'U \I , '\J \I 

Vl11U eJ1 ()~ bb Yl"il~~) bbfl~"il1 n fl11~11"il ~elU ~'U ~'U 1Jl111ii' 1'U1'U1~~ bfl{?)~'U ~el{?)fl~ el~ nu Iii' 1'U1'U1'U~fl n 
' " 

'llfl1Vlflelelnm"il1fl 1 "ti zj~~el{?)fl~el~nu'Vlm tJ 'l 11 tJ~1'U~1Jl~1 b 'Ll'Um1~fl~11 'U6i'n~ru~~~n~111 'U 

'llmb'V~~el'U'll'Ll{?)~'U 'l b ~'U'llmfl~Uelfl (Radtke, 1984: 186-191) 'llmtifl (Tanaka et al., 1981: 

459-466) bbfl~'llmfl~~n (Brothers et al., 197 6: 1-8) bU'Ul'i''U ~~,!'U~~~1l.l11flbb 'UL"il 1~11'11'U1'U 
V .,j I 111 al 1 4 1 ~ 3~ CV d II Cl. V d CV .c:J d 

1~1'UVltl1'U {1)"iJ1flfl1~{1)flVI ufl1Vl 'U fl11Plfl~1 'Ufl1~'Ub iJ'Utl1tJ1'UVlbb Vl"il1~'1Jel~'llfl1Vlm b~l.l1tJVl bflU 
\I \I 'U , \I 

~1el~1~ 1~"il1fleJ111 VJ() zj~ b zjell.J ttJ~ii~fl11l.J bbl.J'UfJ1'1Jel~~l.lfl11fl11b~U t~~1 bfl11~Vl'1Jl"i11fl~1'U1~ tJ1 'U 
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"il1flian1V1'U~"l.la.:im·fhri11~·mu.1m·rnTILWU Wl"il1flllll"ii'1'1e.J\l"l.le.J\I von Bertalanffy ~11611Jl1 

.J1~a.:ii1~\JLLllllfl11L~lJL\JlLU'ULLllll1aleimJ\Jl~fl (von Bertalanffy, 1938: 181-213) LL'1~G'f11J11tl 
\JI 11"ilG'fatJ-J1611Jl1tl1"1li1~1~ n 1\J LL lJ lJ fl11 L~ lJ L\Jl L U'U LL llll1 a L"/f Ll.J \JI~ fl 1~~ CJ fl 111Lfl11~i.11°11 

" ' V I V V 

'1ii\J1~~'Vl6 b "il1 fl?fl.J m1m1ii'1ii~'U61~V111.:iil 1V!U fl flll"l.l'U 1 ~~1~1;\l"il1 fl m1Pi mn 1 'U\J m'Vlri~.:i-U 
" 

Yill11fl11L"il~qjL~lJ L\Jl"l.18\IU"1XJ 1 'Uei111'VlCJ1 'U~'U~ ei111 'VlCJ~e.J'UlJ'U LL'1~ei111 VlCJ\Jle.J'U fl'11.:i 1lJ L U'U 1 tJ 

\Jl1l.J1ULLlltJ1a1"1fLl.J\Jl~fl L~e.J\l"il1flfl11Vl~G'fe.Jll'Vl1\IG'ffl~l°i1 b 1'UG'fl.Jf111i11°111lJLvi1nlJ 3 ("il1flfl11 
" 

'Vl~G'fe.JlJVl1\IG'f fl~ LL llll t-test ~1~~llUCJ~11'i'qi~aCJ'1~ 9 5) LL~"il1 flfl11\Jl11"il?fm..JoLJal.J'1Vl1\1~1U1~-wi 

'Vill~'U~'U1111\J6'11'Vli11\J LL llll fl11L~ll L\JlL U'ULLllll1a L"/fLl.J\Jl~fl (Fishbase.oro, 2017: Web-Site; " " ::, 

~'UG'IUtl \1f~~'U'Vl{.:i1ii LL'1~fltu~ , 2557: 1-46) G'fe.J~fl~e.J\lfllloLJe.Jfl1V!'U~"l.le.J\ILLllll"ii'1'18\lfl11L~llL\Jl"l.le.J\I 

von Bertalanffy (1938: 181-213) ~.:it!'U~\IG'f1l.J11tl 1iLLllll"ii'1'1e.J\l~\lflci11G'f1l.J11t1il1ii11ia5tJ1CJ 

m1L~ll L\Jl"l.la.:i\J'11'VlLL~'1~'191ari 1 'Uei111 'VlCJ1~ ~1'U'11L Vl\Jl~Yh1 ~1°11 b 1 "W'1iim1~ri'1'U1ru1~"il1fl " . 
~~ii~1a~1.:i Yh 1~U'11'Vl"l.l'U1~L~flfl11~bri~a.:i~a\J1~i1.:i"il~~ll1~ ( "l.l'U1~ b~ flfl11"ll'U1~ Lb 1fl~ll) 1lJtifl , " " 
il1ii111ii1 'Ufl111 Lfl1~V11 'Ufl~\ld ~\181"iJYl11 ~ioi1'1iitJ1~~'VlB b 1lJL vl1flll 3 bb'1~'Ue.Jfl"il1fld~.:i'Vill11 
ioi1'1iitJ1~~'VlB a LL'1 ~ b "il1fl?fl.J m1ri11ii'1ii~'U61~V111.:itl1wu flntJm1ii m1t!'U~a 1~5.:iri11ii 
G'fl.Jll1cU"l.le.J\1~1\I m CJ'1~1.J11~~1 CJ zj.:iri11ii?fiitJ1ru"l.lm~1.:i m CJ~ Lb~ fl~1.:i n'U1~V111.:i'191ari\J'11dm"il 

" " 
~\li:.J'1fi.:iri11iiLL\Jlfl~1.:in'U"l.la.:iioi1'1iitJ1~~'VlB b 1 'U'191ari\J'11XJ~1.:i '1 Lb'1~e.J1"il~\li:.J'11 ~ioi161ii\J1~~V1B 

b 1'UtJm'VltJ1.:iG'f91'ari1lJbvi1ntJ 3 Lb~a~1.:i 11n~1ii"il1n.LJaii"V11.:i~1tJ1~1~"l.la.:itJm'1.1D~d~'U~'ULb~1 
" " 

11i1~\Jbbllllfl11L~lJL~bLllll 1a1"1!Ll.J~~n ~.:it!'U Lbllll"ii'1'18\l"l.le.J\I von Bertalanffy (1938: 181-213) 

~.:i'11ii11f:l 1ia6tJ1CJm1b~lJ1~"l.1a.:itJmV11 'Um1Pifl'l31ri~.:im~ 
" 

1°11 Growth performance indices (0') ~ri'1mru1~"il1fl11Plfl'131"il1fl~1'U81~ (Age base) rif~dn 
1°11a~1~wi1.:i 5.06-5.20 zj\l'VitJ11i11°111°ia'U-LJ'1.:iG'f.:i~abViCJtJntJl°i1~\J1~inru1~"il1n~1'Um1l.JCJ11 (lennth ,,. \I ~ s~ 

base) "l.le.J\161\Jl1tl1 zj\1Ufl~i11°11\J1~ii1rua~1'U'1i1.:i 2.48-3.28 LU~CJ 2.94 (Fishbase.org, 2017: Web-

Site) bL~~mmCJrnViCJllntJ1°11 Growth performance indices (0') "iJ1nm1Plfl'131U'11'Vl~LntJ~1a~1.:i 
" 

"il1flel111 'VlCJ~e.J'Ufl'11\l~rl1'U1 tu"il1 fl~1'UoLJe.Jl.J'181CJzj\lijioi1 L vl1flll 5.08 ( ~'UG'IUtl \1f~~'U'Vl{\11l.J Lb'1~ .. " . 
riru~, 2557: 1-46) zj.:inl°i11fl~b~CJ.:in'U ntJfl11Pifl'l311 'Uri~.:id faCJ bu'Vi1~tJ"1V11 'U~'U~ei111 'VlCJ 

" 
~e.J'Ufl'11\l'Vill11i11°11 Growth performance indices (0') 11l.J~.:iioi161l.JtJ1~~VlBm1b~lJL~ (K) Lb'1~ 

fl11l.JCJ11~\I~~ (Lex) ~rl1'U1tu 1~i11°111fl~b~CJ\lfl'UWVl11\IG'fe.J\li:.J'1fl11Plfl'131 (i:.J'1fl11Plfl'131fl~\l\1 bL'1~ 

i:.J'1m1Pifl'l31"lla.:i ~'UG'futl 111~~'UV1i.:i1l.J bL'1~riru~ , 2557: 1-46) ~a1~Li1'Wfi.:im1l.JbLlJ'U~1"l.la.:i 

fl11Plfl'13181CJLL'1~fl11L~llL~"l.18\IU'11~1CJ~1'UoLJe.Jl.J'181CJ 
, .. \I , 



111 

fl11Pl n'\~1'VH;11\Jl'IJ1:::'111m1Jl bbn fl11\Jl1 CJ bb'1::: 1::: ~\JvJ1fl11'1J1:::1J\I~ b 'Vll.J1:::'11J'1JeN'IJ'11'Vl ij 
" 

fl11Plfl~11J1'WB'11Jfn1 1 't.lfl11Plfl~11°1~\l.Q' fl11\Jl1CJ111J~Plfl~11~ 't.!1°1~\l.Q'ijfi1 3.81-5.42 L~lCJijfi1 

eJ\Jl11m1\Jl1CJ 1~CJu111J'IJ1~B~1:::V111\I 2.15-2.69 (~Bu) bb'1:::a\Jl11fl11\Jl1m tiB\11J1'11flfl11v11m1 
" 

'IJ1:::1J\1Btj1:::V111\I 1.66-2. 73 (~Bu) zj\1~1V1~'U1 't.leh11 'VlCJij11CJ\11't.l11'11flim.i'1u 'W .131. 2523-2528 

'IJm'VlL 't.!~111 'VlCJijeJ'm1m1\Jl1CJ faCJu111J'IJ1~ b vi1ti'u 0.35 (~m~B't.l) bb'1:::am1fl11\Jl1CJ 1~CJfl11 
" 

'IJ1:::1J\lijfi1 0.827 (~m~B't.l) bb'1:::b~Btl1m1b1°111:::~'1J't.!1~~b'Vll.J1:::'11J~1Vlfovl1fl11'1.11:::1J\1'1JB\l'IJ'11'Vl 
" 

'W'Ul1ij'1J't.!1~B~1:::'Vll1\I 134-17 5 iji;i~ bl.J\J\1 (~1'VI~~ G'll.J 1\11\1,;, 2533: 1-28) zj\l\J:::'W'Ul11!-J'1 
" 

fl11Pl fl~1ijiB bL\Jl fl~1\I tl't.!L~ flU B CJ 1~ CJ rl1'W 11151 L\Jl Bi'Vl1\l'WffJ \J\D1t:'IJ1 m~i Ll°111t:'Vl1Ji''11 fl fl11Pl fl~1 

1°1~\l.Q'ijfi1uBCJfll1rl1~11CJ\11't.l L~CJ~1'Vl'1~ '11lh1\I,; (2533: 1-28) LL~B~1\lhn\Jl11Jfn11JLL\Jlfl~1\I 
~\I fl~11 B1'1ij'11 L 'Vl\Jl L tiB\I Jl1 CJiB1l'1tl1 L i1 Ln~\11 fll5fl11Pl fl~1~~1\I tl't.l ( fl111 L\0111t:~l°1~\ld1-ti . " 
~1't.liB1J'1B1CJ '11't.lfl111LF111t:~'1JB\1~1'VI~~ '11lh1\I,; (2533: 1-28) L-ti~1't.liB1J'11°1111JCJ11) 111J~\I 
ell '\J , ell '\J 

'li1\lni;i1~~1\ln't.lnm'1~\ll!-J'1~Bri1'W111fa\Jlff~'V11\l'W'11'\Jl'IJ1:::'1J1m~1\I 1 tJJ 
L~B L 'IJ~CJ'U L Vi CJ'U tl'U rl1'W111i1 L\J\Bi'Vl1\l'W'1l \JlD1t:'IJ1fl1'1JB\l'IJ'11'Vll 't.l~\leJ't.lm~'t.l'W'Ul1'11 fl 

" 
fl11Plfl~1'1JB\111::: ~t1J~fl,; LL'1t: ~1'1B\l'IJ't.lt:~'Vl~ (2539: 1-20) L 't.l'li1\IU 'W.131. 2522-2536 11CJ\11't.l 

rl1eJ\Jl11fl11\Jl1CJ L~CJti111J'IJ1~Lvl1tl'U 3.12 (~BU) eJ\Jl 11fl11\Jl1CJ L~CJfl11'1.11:::1J\ILvl1tl'U 7.60 (~BU) 

am1m11-tl'IJ1::: LCJ'IJtl 0. 71 (~BU) am1m11-tl'IJ1::: LCJ'IJtl~\J::: 1Ji'~'Ul!-J'1~'U~B'Vl'il1CJ'Vl~LL'Vl't.!~'1\1'1~B~ " . " 
~ 0.921 (~BU) LL'1t:'1J't.l1~LL1fl~'U~L'Vll.J1:::'11Jijri1mflfll1 178 i1'1~Ll.Jm~'t.!1'1J zj\ll!-J'1fl11lLl°111t:~ 
'lJB\I ~t1J~fl,; LL'1t: ~1'1B\l'IJ't.lt:~'Vl~ (2539: 1-20) .Q'fiijfi1LL\Jlfl~1\1'11fli:-J'1fl11Plfl~11 't.!1°1~\l.Q'L~flUBCJ 
L 'lim~ CJ1 tl't.lb tiB\1'11flB'Vl~'W'1'1JB\I fn11J LL\Jl fl~1\1'1JB\l~'t.l~ 'li1\lb1'11Pl fl~1 LL'1 :::i6m11Jlmzj\l.rrB1J'1 

" 
tl1 L i1 LL~rn1mL\Jl flvl1\li!'t.lffilJl.l1rn tiB\1'11 rn U't.l'IJm'IJ-0~ L~ CJ1 tl't.l LL'1:::ml31 CJB CJL mL V1~\l'IJ1:::1J\l~'t.l~ 

" 

4 t J'.J cv .J d O 1" q 111' I ~I I 

fl11131fl~11°11\l't.l'Vl'W'U'1J't.!1~LL 1fl\J'U'Vl L 'Vll.J1t:'11J\Jl11J'Vll°11't.l1't.l ~\Jl11J'Vl']~{l'1::: ~1'11 L u't.l'IJ1\1'1J't.l1~ 

1°1111JCJ11~m'1\ilm~1L'Ll't.!m1~\111ru1'1Jm~~'IJm'Vl'111J11'1~ut~'ws11\11"tl1Jlm~'111ru1~11JJl1CJ zj\I " . 
'11fl11CJ\11't.l'1JB\I '1111J1131 Ll.J~~l.J'W''t.!5 (2557: 28) 1Jl11CJ\11't.ll1'1J't.!1~'1JB\lvimLlJ'W''t.l5'1Ji;i1'Vlij'1J't.l1~ 

' . " 
~\ILL~ 160 i1'1~Ll.J\Jl1~'t.l 1 'IJ ~\l,j't.lfl1'H11'Vl't.!~'1J't.!1Vl~L'Vll.J1t:'11J l 't.!'V11\lfl11~~fl11'1J1:::1J\1~1LU't.!\ii'B\I 

~'111'1.11'11fliB1l'1~\1'1B\l'IJ1::: L~'t.ld~11Jtl't.l 't.!Bfl'11flffi 't.l'U1\1'1mru fl11ru L 'li't.l 'l.11::: L~'t.lb~B\lfl11~'U 
" 

0 I .,I"' 1 '.,I ,, "" ., ' 1 '1 J' .,I ' .JU "'"" "" ., ' 1 '~ u'11lJ'Vlil'1J't.!1~ Vlt1J'Vl'W1Bl.JG'l'U'W't.lq11\I '1J 't.l'W't.l'Vl LL'1t:'IJ1\IL1'11'Vl '11lJ1lfl\Jfl111Jfl11'1'U'W't.lq11\I 'llfl 

rn11Ji'~'U m1~\111ru1~\11:::~'U m11-tl'1Jw LCJ'IJtl~ L V11J1t:'11JJ11 m 'li't.l L~ CJ1 tl't.l 
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6.5 ~1tJ 

Fi1~111fa1wei{v11..:ivm1'1J1tl1~'111m (fl11b~'U LIJl m11J11CJ "ll'U1~bb 1fl~'U~b'Vll.l1~'1l.l 1~~um1'V11 
0 I d d<Q, !'1 ti 4 1 ~ ~ I.I d q I ~ I GI 

fl11 u1~l.J..:JVlb Vll.J1~'1l.J) Vl1 bl°111~Vl b~'11 fl fl1 1Plfl~1 'Ul°11 ..:J 'U b Vlt:.J'1Vll.Jl°111l.Jbb1Jlfl1Jl1..:Jfl'U1~Vl11..:J'11Jlal°l 

tlmvi1 'U e)111 vi CJ bb6'1 ~ V'U ~'T'LI 1vl5..:i fl 11 bbCJ fl n'U '1 ~ ..:11 ~vt11..:i '1ti\'al°ltli;i1vi'1ti\'al°1~1..:i ., 1 'LI e)111 vi CJ u u I 

m1Pi fl~1~i;i1'1J1tl1~'1J1 mtli;i1vi bb u'U'<S1 bb 'U fl'1til' al"l 1 'LI e)111 vi CJl°l~..:id'11m1'11 bR11~"1Fi1~111iJb1J1 a{ 
u 

"' • I ' "' .,j ~I " Jf .,j.,. I 'l ' ' .. "' "' • I 
Vl1..:J~'111Jl u W'111 fl1bb1Jl'1~'11Jl al°JVJ b u'U"1Jal.J'1~'U~1'UVll.J uW bCJ'1J'UIJlafl11'U1Vl11'1 ~ fl11Vl1~ CJ1fl1u6't 1Vl 

u ~ u 

bb~'1~'1til'al"l 1 'Ue)111 VJCJ fa CJtli;i1vi1 'UeJ111viCJ 1J1 ~1''Uaafli1Fi1"1l'U1~bb1fl~'U~b vtl.l1~'1l.li11'111~vt11..:i 
u 

134.56-192.23 i3i;i~bl.J1J11 Fi1eYm1 fl111-tl'tl1~1CJ'11tlm1av1~vt11..:i 0.65-1.00 (~all) zj.,:i~a1vl5..:i 
u 

1~~'UeYm1fl111J11CJ 1~CJm1tl1~l.J..:i CF) ~bvtl.J1~'1l.lm1i1Fi1av1~vt11..:i 3.35-5.16 c~all) rl1vtfoe)11 
u 

1 VJCJIJla'Uu'Uil"ll'U1~ bb 1fl~'U~ b'Vll.l1~'1l.lilfi11~vt11..:i 134.4 7-206.88 iJi;i~ bl.JIJ11 Fi1eYm1fl111 i 
tl1~fo'1Jtlm1av1~vt11..:i o.60-1.00 (~all) zj.,:i~a1vl5..:i1~~'UeYm1fl11mCJL~CJfl11tl1~l.J..:i (F) ~ 

u 

bvtl.l1~'1l.lm1i1Fi1a v1~vt11..:i 2.86-4. 77 (~all) e)111VJCJ 1J1 a'Ufl'11..:iil"ll'U1~bb1fl~'U~bvtl.l1~'1l.li1Fi1 
u 

1~vt11..:i 143.41-220.63 i3i;i~bl.J1J11 Fi1 eYm1fl111-tl'tl1~1CJ'11tlm1avwvt11..:i 0.60-1.00 (~all) zj.,:i~a 
u 

1vl5..:i1~~'UeYm1m11J11CJL~CJm1tl1~l.J..:i (F) ~bvtl.l1~'1l.lm1i1Fi1a~1~vt11..:i 2.29-3.81 (~all) ~1'U 

e)111VlCJIJla'Uci1..:iil"ll'U1~bb1fl~'U~b'Vll.J1~'1l.Ji1Fi11~vt11..:i 123.27-189.64 i1'1~bl.JIJ11 Fi1eJIJ111fl111i 

tl1~LCJ'1Jtl1"111av1~vt11..:i o.64-1.00 (~all) zj.,:i~a1vl5..:i1~~'UeJ1J111fl11mCJL~CJfl11tl1~l.l..:i (F) ~ 
u 



• 

7.1 fl'1tl1 

...; 
'U'Vl'VI 7 

u 'VI f;t c;itl 
' 

'Vl-r'V'l V1m'IJG'l1'Vl::: b~ b tJi.rn-r'V'l V 1 m~ '11ri' qj n'U'IJ 1:::'1J1'1J'U b tl'U a~ 1\l:IJ1 n b\il mm1:::'IJ1:::'1J1'1J'U~a ~ 

1 • I .,J..,. J' d.,. • I ~I ' v a I b 
'U u1::: b 'VlPl'Vl:W'V'l'U'Vl~\il'Vl::: b~ um'Vl::: b~'Uamnn"il::: b u'UbbVIG'l\IFn1:W:W'UA\l'V11\la1Vl11"1JB\I uW'1J1'1J'U 'U 

'IJ1:::mmb~1 EJ\lbtl'UbbV1ci\1'1~1\111v 1~~'11ri'qj~n'IJ1:::m1V1~\1~1v 1 'Ull Vi .Pl . 2546 ~~l°11'11mrn~~~ 

'IJ1::::w'lih;'\ila1'Uii\l~av~::: 2 "1!B\l:WG'll°11~~~.nru'tim~11:w1'U'IJ1:::b'V1P1 (Tokrisna, 2006: 43-56) 
'U 

'Uan"iJ1ni.!'Un"il m1:wm11oti'IJ1::: bv'1Jtl"iJ1n'Vl-r'V'l v1m'IJG'l1'Vl:::b~b 'Ubb~:W:W~1\I '1 na1 ~bn\il51n"il~ , I , 

b~m-LJ'mmn:w1v zj\1'1~1\l\11'U '1~1\lm~'V'l bb~:::11v 1(1)l ~n'U'IJ1:::'1J1'1J'Ubtl'U~1'U1'U:wV11P11~ ~\li.!'U "il1n 

vi~1v 1 '11bvi~d 'Vl-r'V'lv1m'IJ~1'Vl:::b~~\l~mtl'Uu"il~ v~'11ri'qj~b'1~:w'1~1\lm1:w~'UA\l 1 ~n'U'IJ1:::'1J1'1J'U 
~\l'V11\1~1'UbP11~~n"iJ bb~:::61\IA:W bb~"il1nf111:W'11rlqj"1JB\l'Vl-r'V'l V1 m'IJ~'Vl::: b~~\lnci11a\I~~ b ~bn\iln11b stl 

'IJ1::: 1v'1ltl'V1-r'V'lmmn~:wda~1\l:w1n bb6'l::::w1n~'Ub~av 1 ~6'la\il1:::v:::nm~~1'U:w1 
'IJ~1'Vl:::b~ 1 'U'IJ1::: b 'V1P11 'Vlm1nvh m1'1J1::::w\lm:w1nn11 1 oo tJ bb~1~t1nvhm1'1J1::::w\I b:a\l'V'l1ru'1J~ 

'U 'U 

:w1'1J1::::w1ru 60 llmbb~1 b\ilv1'UbbV1ci\l'IJ1::::w\1~'11ri'qj"1la\11'Vlv~1bb'Un1~ 3 bbVlci\11vifli 1 ~a LbVlci\I 

'IJW:W\lb 'Uel111 'Vlv bb V1ci\l'IJ1::::W\l~\l'Vl:::b~B'U\il1lJ'U bb~::: Lb V1ci\l'IJ1::::W\lb 'U~'U~~'\J~B'Ubb~:::m1'1J1::::w\I 
'Uan-u1'Utl1"11a\l'IJ1:::b'V1P11 'Vlv bda~"iJ11ru1~~~'U'IJm 1 'Ua~~~~1'Um ~~~~~'IJ1::::W\1"11a\l 1'Vlvn:w1n1 'U 

tJ Vi .Pl. 2530 ~'IJ~mru 2.54 ~1'Utli''U Lb~:::1'Ull Vi.Pl . 2538 ~'IJ~:w1ru 3.57 ~1'Utli''U (Tokrisna, 

2006: 43-56) zj\l"il1n'\J11\il1~\1'11:W Lb vici\ld bb vici'l'IJ1::::W\lb 'Ua111 'Vlv~a11 b tl'Ubb vici'l'IJ1::::w\1~1 ~ 

~~~~~'1\1~'1\iln~~~~~'IJ1::::w1ru 1.05 ~1'Utli''U1'Uu'1'1U'U (Vi .Pl . 2557) Cm:w'IJ1::::w\l bL~:::Pl'U~ 
\I , " \I 

U'1J'1l1m1LLm "11u '1JV11m1v11'1J1:::m~\iln~vi:w1v , 2559: 18) 1 'U"1lru:::~~G'l m1'1J1:::bil'U~G'l~'U~\l~\il~ 

~\l~'U (Maximum sustainable yield : MSY) b'Uel111'Vlv tJ Vi .Pl. 2557 'V'l'U11ij'IJ~mru~~~'\J'1\1'1\il 'U , 

~~\l~'U"1JB\161~1J1Vl'U1~'Ua~~ 794,771 tli''U LL~:::ij'IJ~mru~G'l~'\J'1\1'1\il~~\l~'U"1JB\l'IJ~1~1J1a~i~ 
\I \I , \j 

248, 17 6 tli''U 

m 1'1.J 1::: :w \1"11 a\11'Vlv'IJ1::: '1'\J u ruvi1 m1v11m1'1J1:::m Ln'U Pi' n ~ m 1~ ~~~\I LL~ll Vi .Pl. 2520 ., 

(T okrisna, 2006: 43-56) vi'1\l"il1 ni.!'UL tl'U~'U:W1'1J11'1J1::::w'l 1 'Vlv~a\l'IJ-r'Utli'1~am1L 'IJ~ V'ULLDG'l\l~~'U 
~1'U"1JB\l'Vl-r'V'l V1 m'IJ1::::W\I~~ B\il:W1 ~\I b 'ULL~ m1'1J-r'U L 'IJ ~ V'U LA~B\l~a'IJ1::::w\I n11 L'11:::Vl1 LL Vlci\l'IJ 1::::W\I 

LLVlci\11 vilJ 1 bL~m:::~\ln11~19l.J'U1L'VlA b'U fa~m1v11m1'1J1::::W\lb ~~'U'1lJV:w1n~\l~'U zj\ln"ilfl11:W~1\l'l 
L vici1d~1'Uij~~'1~1\ILL 1\ln\il~'U~a'1m1:::'Vl-r'V'l v1m'IJW:W\IB~1\IVI~ n L~ V\l 1lJ1~ zj\l~a5\1Fn1:W~1 Ltl'U~ 
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l'i'e:i-:iiifl11'\J~Vl11~~m1'Yl~~ ti1 m·t.h:;l,M'Yl:; b~'1.Je:i-:i 1 'Yl ti~"i\'1 b ll'Ul'i' e:i-:1~1 b 'LI'U fl11e:i~1-:iii'lh:;~'Yl6.n1~ 

bb~:;Vi''U~e:im1b'\.J~ti'Ubb'\.J~-:i~1-:i 1 ~-:iffi~flaTJlJ1.LJ'1-:11'i''U 

1 'U'U11~1~~~~\Jl"'\Jl1tl1~'\.h:;b'YlP11'Ylti"5''U1~J'U 1 'Uei111 'Ylti '\.Jm~htl1b U'Ue:i-:il"l'\.J1:;fle:i'Ub~'U 1 'LI~~ 
"5'rn.Jm'Yl:;b~~"5''U~'Wm1~ ~-:id"lJ-U~'\.Jm~1tl1"1J-U~b~'UHi\bn '\.Jmfl:;lilfl '\.Jm'Yl bb~:;'\.J~1Vl~-:Jb~ti1 zj-:i 

\J 

1 'Umru'\.J~1xii!'U b ll'U'\.J~1~iifl111JG11ri''l!l'ie:i1~'81\Jl'\.J1:;"1J1"1J'U1 'Yl tilJ1i1'U1'U m1Pifl~11 'Ue:i~\Jl~~1'U 
lJ 1~'\J 11ii fl 11fl1:; '<il 1ti1il1 '1.I e:i-:i ?I~ e:i fl '\.J ~ 1'Yl e:i ~Vim ti ?I~ e:i fl 1'LIei111 'Yl ti Vl1 flbb~ fl11'\J ~V111~ ~ fl11 

\J \J 

'Yl~~ti1m'\.J~1'Yl~~1'UlJ1l!fl b ti'Um11J?t'U h 1 'LI?t~e:ifl'\.J~1'Yl~-:iei111 'Ylti\Jle:i'U fl~1-:i~~'U11iibb Vla-:111-:i 1 ~ 
\J \J 

'1.l'U1~ 1 Vlqje:i ~'1 'U~'U~d bb~~-:id~~ ~~\Jl'\.Jmxi~~'U hi''11 fl'Yl:; b~ ei111 'Yl ti ~-:i\Jl:;1'Ue:ie:Jfl ei111 'Yl ti\Jle:J'U'U'U 

bb~:;ei111'Ylti\Jle:i'Ua1-:iiliiu~mru1~-Ue:i ti b '1i'Wb~ti1 n'U zj-:i m1~~~-:1'1.Je:i-:i'\.J~mru~~~'U'\.J~1'Yl 1 'Uei111 'Yl ti 
\J 

m'<ilii?f 1 b Vl\Jl b ~e:i-:ilJ1'<il1 fl m11~1~fo m1'\J~m1~~ m1~ b V1m:;?11J'1.le:i-:i'\.J~1'Yl bb~ ~:;?f ~ e:ifl 1 'LI ei111 'Ylti 
' \J 

'<iJ1fl?tm'Um1ru~-:i'VllJ~~fla11mvh 1~m~ti1~~1b-U'Um1Pifl~11~ti1 'Ufl~-:idfatiii1\Jl'1'\.J1:;?1-:il"i' 
\J ' 

b ~e:i'Yl11'U bb 'U11 tilJfl11b '\.J~ ti'Ubb '\.J~-:1'1.le:i-:1'\.J1:;"1J1 m'\.J~11 'Uei111 'Ylti (1~ mo~1:;'\.J~1'Yl) bb~:; b ~e:i 
\J 

m1\Jl1 ti 61.le:i-:i'\.J~ 1'Yl bbl'i~:;?f ~e:ifl 1 'Uei111 'Yl ti bb~:; b ~e:i'\.Jw biJ'UVl1'1.l'U1~ bb~:;1:;vi''Um1v11fl11'\.J1:;1J-:1~ 
\J 

b'VllJ1:;?flJ 1 'Wfl11vl1fl11'\.JW1J-:!Um'Yl bb~~:;?f~e:Jfl 1 'Uei111 'Ylti zj-:i~~m1Pi fl~1~1~'1:;v\'11 ~'Yl11'\Jbb~:;b~'U 
\J 

.n1~~1-:1'1.le:i-:1?1.n11:;'Yl~~ti1m'\.J~1'Yl:; b~ 1 'Uei111 'Ylti bb~:;btl'Ubb'U1'Yl1-:i1 'Ufl11'\J~V111~~fl11'\.J~1'Ylbb~ 
\J 

~:;?{ ~ e:Jfl 1 'LI ei111 'Yl tJ 111J~-:J f!-:i b tJ 'U bb 'U1'Yl1-:J 1'LIfl11Pi fl~1fl11"il1 bb 'U fl?!~ eJ fl bb~:; fl11'\J~Vl11~ ~ fl11 

'Yl~~mm'\.Jm'Yl:;b~"lJ-U~~'U 1 l'le:i1'\.J 

7.2 ~m'Un1"HU'lk11'Vl::b~ L 'Uei111 'Vlv 

m~fl11-:i 1 '1.le:J-:i?t.n11:;m1'\.Jw1J-:i h1ei111'Ylti1~~1b 'LI'Um1e:i6'U1ti 1~ti 1 i-Ue:il;J~~~~'U'\.Jm'Vl:; b~ 

11titl "il1'UTu 26 tJ ):;V111-:itl ~.Pl. 2521-2552 1~ti1-tl'm1~rn.J~1~-:1VllJ~ 35 "lJ-U~/nalJ '<il1n~'1 • 
fl11Pifl~1~'\Jl1 '\.J~1X] (Rastrelliger brachysoma) iim11JbbU1U11'U'1.le:J-:J~~~'U (1'U1:;ti:;ti11 CV) 

~1~~~ ~'\.J1:;1J1ru~e:i ti'1:; 15.53 1 'LI'1.lru:;~~~~'U'\.J~1fl:;~-:1'1.l11iifl111J bb '\.J1'\.J11'U'1.le:J-:J~'1~'\J 1 'LI1:; ti:; 

ti111J1n~?t~ ( ~e:iti'1:; 146.16) '<il1flfl111 bfl11:;~m1lJ"'lJ~wh:;V111-:ifl111Jbb '\.J1'\.J11'U1:;ti:;m1'1.le:i-:1 
' 

~'1~'U'\.J'11n'UmlJ1ru~'1~'U'\.Jm~'U11iim1lJ"'lJ~'U5~?t-:i (r = 0.62) 1~tim11Jbb'\.J1'\.J11'Uii bb'U1 L tilJiirh 
\J 

~1bde:i~~"5''U'\.Jmii'\.J~mrulJ1n (Negative trend) zj-:i~m zje:ilJ 1ti-:i 1~Ci-:i~ fl~ru:;'Yl1-:1<81'\.J1:;~'1.le:i-:1'\.J'11 

bb~~:;"lJ'LI~/flalJ G11V1~'\Jfl111J bb '\.J1'\.J11'U 1:; ti:;~'U r11m11J bb '\.J1'\.J11'\J1:; ti:;~'\Jb Vi ti'Ub~ ti-:i (Relative , 

variation) iir11?1-:Jfll1fl111JbbU1U11'UWtJ:;~'UbbVl'<il~-:J (Absolute variation) zj-:iiir11~e:iti~:; 28 bb~:; 
\J 

25 mlJ~1vi''U zj-:i~e:i m 11JV11J1ti11m11J ~'U~1'U'1.I e:i-:i ~'1~'\J'\.J ~ 1'Yl:; b'1'\1''<il :;ii1J1 n~'LI bde:i~ '1 ~'U'1 ~~1'1-:i 
..i 

b1e:JtJ 1 
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"il1flfl111bfl11~,_.;bb'l..n 1 til..a:.J'1~U11CJ'1ltJ~/mfa.J'lleJ\IU'11VJ~b'1~\I mi:i.J'llfl\IU'11VJ~b'1~\I 35 'lltJ~/ , , 

flzj~1~CJ1i'1~~~~tJ1~~VJ~'1'Vl~~~'U6bbUUmlJCJfo~'U (Spearman rank correlation) YIUbb'U1 Lti~ 

fl11bU~CJ'UbbU'1\l'lleJ\lt:.J'1~U 3 1UbbUU 1~bbrlt:.J'1~UiJbb'U1 L ti~'1~'1\leJ~1..:i\1lm~e:i..:i 7 "tltJ~/mi~ t:.J'1~ui1 v , 

bb'LI11 ti~b~~;ff'Ue:i~1..:il'lm~e:i..:i 3 "tliJ~/flci~ t:.J'1·~uilbb'LI11 u~b~~;ff'U"il'Ufi..:i-.i~61..:i61~bb~1ilbb'LI11 ti~"'~"'..:i 
" , 'U 'I 

YIU 15 "tllJ~/flzj~ bb'1~'UeJfl"il1fld~..:ii1tJ'11~i1t:.J'1~U hJilbb'U1 L ti~fl11bU~CJ'UbbU'1\l~bbtJ'UeJ'UVJ1\161~~ 

Bfl 10 "tliJ~ 

'11V11'u1tJ bb uu (Patterns) fl11b tJ~ CJ'Ubb U'1\l'lleJ\leJ\lrlU1~ fleJUt:.J'1~utJmVJ~b'11 'Ua111 VJCJtT'U 
v 

1bfl11~'VIL~CJ1eff61~~ Self Organizing Map (SOM) YIUl1~UbbUUfl11bU~CJ'UbbU'1\l'lleJ\leJ\lrlU1~fleJU 

t:.J'1~U611~11ti..J1bb'Ufl1~m~°1i1..:J~\l'Vl1~b1'111~ bbrl °1i1..:J b 1'11~'Vltl..:ie:itj1 'U°1i1..:JU YI.Pl. 2528-2533 
I d I I ~J I d I I q 

"111\lb1'11VJ61eJ\leJCJ1~'Vl11\lu YI.Pl. 2535-2541 "111\lb1'11VJ611~eJCJ1~'Vl11\llJ YI.Pl. 2542-2550 bb'1~ 
v v 

"1i1..:i b 1'11~~e:i ~)~'Vil 1\IU YI .Pl . 2551-2552 zj\I fl11~ bb(J) fll'l1\l'lleJ\I bbl'l'1~"1i1\Ib1'11tT'U bfl~"il1fl fl1) 
v 

b tJ~ CJ'Ubb tJ'1..:i'Ue:i..:itJ~~1rut:.J'1 ~u (tl1wufl) 'lleJ\IU'11VJ~ b'1"11iJ~/flzj~\111..:i 1 zj..:iiJm1m zje:i~ LCJ..:inu 

~w.i'U1rn1'Ue:i..:irn1tJ1~~..:i 1 'Ua111 VJCJ zj..:i 1~CJ61~tJn1Y111~tT'Ut:.J'1tJ11fln11rn1v\'1rn1tJ1~~..:i 1 'Ua111 VJCJ 

tT'U~w.J'U1"il'Ub'1CJ"il~~~\;]1 (Mature state) mbb~1 bb'1~n1~\lboLJ1~'1fl11~1~~'Ufl\I btJ11~u1..:il'le:irn1 , v 

'11 flfl11~'11~'Y'll'tl\Ifl11v\'1m1U1~~..:itJ '11°'J1 'UB111 VJ CJ bb'1 ~ fl11~1~i~ b "il'U b~ CJ1nu fl11 

lii1 bb 'Ufl61~e:iriu'11VJ 1 'Ua111 VJ CJ;..:i b zje:i~ 1CJ..:ifi..:im1~ 1~61~u1ru'Ue:i..:i-Ue:i~"'~"il~ 1 m 'U fl11u~V111~~fl11 
v v v 

(Overfished) m~..:ibbl'l tJ YI.Pl. 2520 bb'1~t:.J'1~utlmVJni1m1~bbtJ1tJ11'U\J1'1eJ~~1i!u~..:ibbl'l"1i1..:inm 
v 

tT'U ~..:id rn1u~V111~~ rn1VJ-SY1 CJ1mtl'11VJ1 'LI~..:ia111 VJ CJ~ bfl CJi1~11 'Ue:i~\J1"il'Ufi..:i\1"iJ-.itJ'U ~..:i b U'Ufl11 
v ' , 

"" "' .., ~ ,, 
0 

• I 1 ' 1 il J' .J ' fl1U~~tJ1mrufl11"ilU bb'1~'ll'U1~ bb 1fl"ilU 11~ti\lfl11'Vl1~VJ1fl11u1~~\I 'U"111\IC)~11\I 'll 'UYl'UVJ'tl11 

1 VJ CJ\J1eJ'U fl'11\I zj..:ie:i ~1..:i 11nm~m\J11 rn1~..:i flci 11~..:i b U'UU ~V111~ ~ rn1 bOY11~tJ'11VJ61~e:ifl~tJ11fl nY1u , v ~ 

1 'LI~'U~a111 VJCJ\J1eJ'Ufl'11\I bb'1~\J1eJ'UU'Ub vhtT'LI ~..:ibll'U~n..:i1'1fi..:i61n11~VJ1'YI CJ1m'lle:i..:itJ'11°'J'1~eJfl~'U 1 

~m~11"il ~i1~1flfll1 1 61~ e:ifl 1 'Ua111 VJCJ ~..:iti'U 1 'LI fl11Pl mnri~..:id~Pim~n~..:i 1~v\'1 fl11Pi fl~1 v 

..J1bb'Ufl'1~e:iritJm°'J 1 'Ua111 VJCJ L~CJ 1effe:i..:iritJ1~fle:iutn~1 'Lim~~m~tJm°'J 

1 'Urn1Pifl~1ri~..:iffiiu"'1VJ~\l'VI~~ 55 i;l1e:i~1..:i ;..:ibnu"il1fl~'U~l111..:i 11 'Ua111 VJCJ1~bbn a111 VJCJ 
v 

\J1~l'UeJeJ fl B111 VJ CJ\J1eJ'UU'U B111 VJCJ \J1eJ'U fl'11\I bb'1 ~B111 VJ CJ\J1eJ'Uci1\I \;]1e:i~1\l~\I flci111~~1b lJ'Ufl11 

bnu m~~fl'VI bb'1~~~ b\J1 ~CJ~'11V1-Su m11 bfl11~,..;u1me:i..:i m11bfl11~,..;u1\J11e:i..:i1 eff bri~e:i..:i1 bm1~,..;u1~ 
'U 'U , , 

.J ,, d .. ' l 
(Thermo X-Series II ICP-MS) VJtl1~fleJUmCJbfl1eJ\ICJ\lbm'llm (New Wave UPl 93FX aser 
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ablation system) zj\l~\lvtj~~B\ltJl)u~m1 the National Oceanosraphy Centre Li'.iv\l 

Southampton ~'V11161Jmru1~ m 'Vl~\!'11 n~i Lfl 11~V11~m1lJ L oLJlJoLJ'U'l.IB\!UTIJ1ru51~1B\!~1\l 1 

m LLil 1~\!~1Lu'Un11 LL tJ G'l \! VIU1~fl11 lJ L oLJlJoLJ'U L lJ 'U iJ G'l ~1lJ G'l 'll eJ \! 51~1v\li!'U 1 ~ eJ 1lJG'l LLflG'l Lzj ~ lJ 

(mmol mol-
1
) LLG'l~ 1 off ~ti~m11Lfl11~~m1lJ LL tJ1tJ11'U'V'l'Vlflru (Multivariate Analysis of 

'\) 

Variance, MANOVA) LLG'l~n11lLfl11~~B\lrlU1~flB'U'Vl~n (Principal Component Analysis, 

) 
d ' • I.. '. I ' ' .f .J " ., ' PCA L 'V'leJ'Vl~~B'Ufn1lJ LL\?lfltl11\l'lleJ\lu1lJ1t\JB\lfl uWfleJ'U51~1eJ\l\?l1\l 1 1~Vl11\l'V'l'U'Vl Ln'U\Jl1B~1\l 

LLG'l~fl~ L~B n511'11B\l~:ljfl11lJ'1°1fi'n 11 'U fl1 1~~'11 LL 'U fln~lJ ( 11lJ~\lfl11Pi m~n Le:in~11~ LM ~1oLJeJ\!~1 ~) ' ·~ ' 
'Vl~\llil1fl,!'U1off~t1~1'Ufl11'11LL'Uflfl~lJ (Linear discriminant function analysis, LDFA) ~1Lti'Ufl11 
~~'11LL'Uflt;11eJ~1\!UG'll\]BeJflblJ'U'1~eJfl~1\l 1 

Q ' I Q.I O W a I 11/ ~I W ,X .J ~ 
t:·.JG'l n111 Lfl11~Vl'V'l'U11~1lJ11'11il~lil1 LL 'U fl~\?leJfl uG'l1'VleJB fl ~ L u'U 4 ~\?leJflt111lJ'V'l'U'Vl Lfl'U 

\) 

t;l1B~1\l 1~LLn ~~Bfla111 'Vl~~\ll?l~1'UeJeJfl ~~eJflB111 'Vl~\?leJ'U'U'U '1~BflB111 'Vl~\?leJ'UflG'l1\l LLG'l~~~Bfl 

a111 'Vl ~\?leJ'U~1\l zj\le.rn fl11~~'11 LL 'U fld:\jm1lJ~B~flilv \l tl'U~\!UG'l1'VlL 'V'lPleJ LLG'l ~UG'l1'V1L 'V'lPlL:lj~ 1~~ 
\) \) \) 

v\lri'tJ1~fle:iu51~1v\!~1-fft'Um1~~'11LL'Ufl~e:i ~LVi~lJ (Li) LLlJfl-ULzj~lJ (Mg) L'V'lLL'Vlmzj~lJ (K) 

LLlJ\lfl1U~ (Mn) UmnG'l (Ni) 'VlB\!LL~\l (Cu) ~l?l1B'ULzj~lJ (Sr) LLG'l~LL'UL~~lJ (Ba) ~\lde.mm11Lfl11~~ 

~ ~'11LL'Ufl1~ ~15fl 111 off v\l ri'tJ w n eJ'U 51\?l LO'V'l1~'U~L1 t\J'll B'U m ~~ fl'VI LLG'l~15 m11 off v\lrlU1~ fleJ'U 51 \Pl 
, 'll 'll , 

~~\?l1lJB\lrlU1~nB'U51\?l1B\llil1nLLn'UnG'l1\lfl1~~fl'Vln\l'lleJ'Ufl1~~fl'Vl'lJB\lUG'l1LL~G'l~t;l1eJ~1\!EJ\lLL~~\l~'1 
, 'll 'U \I \I 

1~L~'Ul1UG'll'VlLL~'1~~~eJfl1-ff~11'1B~b'U~'1~'1~eJflLO~~~eJ~'1~ 63 (L'V'lPleJ) LL'1~ ~eJ~'1~ 83 (L'V'lPlL:lj~) 
\) \) \) 

'lleJ\!61i1\l~il?ltJ'11LL~'1~t;l1 zj\llil1fl~'1m1Pim~n1 'Ufl{\l-d'v111~Ln~m1m-U1h1 'U~fl~ru~'V11\!~1i'V1~1 
LL'1~ Lfl1\!~~1\l~ ~Bf! LL'1~ L U'UoLJBlJ'1~'Ui5'1'U'1°1\0ln 16'\'1wfo fl11 Pi fl~1'V11\!~1'U'V'l'11\?lU1~61J1 fl1'1.IB\!U '11'Vl 'll d.I Q~ \I 

LL~'1~~~Bfl 1~~B 1 u zj\llil~L iJ'Uu1~ fo61Jtle:i~1\llJ1fl~e:im1u~V111~~m1'Vl-r'V'l~1mtJ'11'Vl 1 'Ua111'Vl~1~ 
\) 

v~1\l:\jtJ1~~'V1Bn1Yl~v 1 tJ 
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... ~ "' 0 ti d ti ' ,,, 'I ' 1 7 .4 nTnvitJLVlbb~::"a::t'1'Un1"a'Vl1 "a::11..:i'Vlb 'Vli.n::~UJ"tlei..:i ~1'Vlbb{;l~::~{;leJn L 'IJ'111 'Vlf.I 
'U 

rl1V'l111iJblJ'IB~Vl1\IV'l'1llJ'ltl1~"1J1n'S (fl11b~'U LIJ'I fl111J'11!:.J 61.l'U1t'1bb 1fl~'U~b'\lllJ1~61lJ 1~~'Ufl11vi1 

fl11tl1~lJ\I~ b 'VllJ1~61lJ) ~1 bfl":i1~'Vl1~'11nfl11Plmn1 'Uf1~\lffi ~e..ii;:i~ijf111lJbb\J\n~1\I tl'U1~'\lll1\161~Bf1 
tli;:i 1V11 'U a111 Vl i:J bb'1 ~ V'U ~'U 1~5\1m1 bb!:J n ntJ '1 ~ \11~'Vil1\161~Bf1tlmVl61~Bf1~1\1 6') 1tJa111 Vl i:J v v I 

m1Pi n~1V'l'1llJ'ltl1~"1J1 mtli;:i1V1 bb uu'11 bb 'U n61~Bf11tJa111Vl1:.Jf1~\l-d'6111111'11 bf111~~ri1Y1111iJLIJ'IB~ 
'U 

Vl1\I V'l '11 IJ'ltl W"IJ1n1bb~i;:i~61 ~ B f1~ b tltJ.LJ' BlJ i;:i ~'U ~1'U~ijtJ w fo"IJtl ~ B n 11u ~'\1111~ tvi n 11V1-rV'I i:J 1n1tl '11Vl 
'U ~ 'U 

bb~'1~61~Bf11 tJa111 Vl i:J fa 1:.Jtl'11V11tJa111Vl1:.J1J1~1'tJBm1ijri161.ltJ1tvibb 1n~'U~b V13.l1~6111ijri11~V111\I 
'U 

134.56-192.23 iJ'1~blJIJ'l1 rl1B\J\11fl111-tl'tl1~Li:J"IJtlm1B~1~'Vl11\I 0.65-1.00 (~BU) zj\l~B1~5\I 
'U 

1~~ueY1J111m11J111:.J Ltvii:Jm1tl1~11\I (F) ~b'Vlm~6111m1ijri1B~1~V111\I 3.35-5.16 (~Bu) '11V1-rua11 
'U 

1 Vli:JIJ'IB'U'U'l.Jij61.l'l.J1tvi bb 1n~u~ b 'VllJ1~6111ijri11~'\lll1\I 134.4 7-206.88 iJi;:i~ blJm ri1eYIJ'l11m11 i 
• I ~ ' ' ' ( ' :'°I) ..I d 1 """ ., ., ~ • I ( ) d u1~L!:J"IJ'l.Jf111B!:J1~'\1111\I 0.60-1.00 IJ'!Bu 'il\161B t'1'1\11~t'1'UBIJ'l11fl111J'i1!:.JLt'1!:.Jfl11u1~lJ\I F Vl 

'U 

b'VllJ1~6111m1ijri1B~1~V1--J1\I 2.86-4. 77 (~BU) a111Vli:JIJ'IB'Umn\lij61.l'U1tvibb1n~u~b V1111~6111ijri1 
'U 

1~V1--J1\I 143.41-220.63 iJi;:i~blJm ri1eYm1m11-tltJ1~Li:J"1Jtlm1B~1~V1--J1\I 0.60-1.00 (~Bu) zj\l~B 
'U 

1~5\11~~ueYm1m11J111:.JLtvii:Jfl11tl1~11\I (F) ~b'VllJ1~6111m1ijri1B~W'Vll1\I 2.29-3.81 (~BU) ~1'1.J 
'U 

a111Vli:J1J1BtJ~1\lij61.ltJ1tvibb1n~u~b V1111~6111ijri1wV1-J1\I 123.27-189.64 i3i;:i~b11m ri1eY1J111m11 i 
tl1~fo"1Jtlf111B~1~'Vll1\I 0.64-1.00 (~BU) zj\l~B1~5\IW~'UeJIJ'l11fl111J'l1!:.JLtvi!:.lfl11tl1~11\I (F) ~ 

'U 

'11nm1Pin~161mrum1rue..ii;:i~utli;:i1V1~b'1 (u'Vl~ 4) 611tl1~11 Mn1~m1tlw11\ltlm'Vl~b'11tJ 
' 

a111 Vl !:J~1'U'1t'161\161 t'1lJ1 bb~1 bb'1 ~-u '1'1U'U 61 mru fl11tU61.I B\IVl-rV'I !:J 1mtl'11Vl~ b'1 B !:J L 'U61 '11'U~mlJli''Uf1\I , \I , , \I 

oLJBilJ'I nn\11'11'Uf111lJ1lJ61 b~ !:J1.fl1V'l61.IB\IMl11~Vl-rV'I 1:.J1m611J1ltl11lJij bb~ b\lV'l1~tl'11'Vl-LI'1~'U b ~B\1'11n 
tlm~1J1fiijf111111lJli'tJf1\161.IB\161m1 ~Vl-rV'I m m~1 i:J b 'litJ ntJ 5'1bb~ui;:i1~1J1"1.1tJ1tvi b~ n'1 ~ijtJ~111rue..i'1 
~ 'U ~ lJ 1 n bb '1 ~ ij f1 11 lJ bb U 1 tJ 11 'U 61.1 B \I e.J '1 ~ 'U ~ 1 bb ~ n 11 ~ 'U tJ '111 ~ !:J ~ fl B 'l.J b oLJ 1111 Vl t'1 bb Vl 'U ~ 

( Pre-recruited) 1'Uu~111 ru 111 n b tJ 'U ~ "IJ ;j ~ 1tvi11 b n tvi n 11vi1 u 1 ~ lJ \I b n 'U ~ n !:J .fl 1 V'1 n 11 e..i ~ IJ'I 

(Growth overfishing) ~'Ubb~1 1111~'11tJmrum1vi1m1u1~11\l1 tJ~tJ~bb 'Vl~\IU1~3.J\IVJ'U'li'B'U~61.lru~d 

~'I 1lJij.LJ BoLJ t'1 bbV \11~'\lll 1\IU1~bVlPlb~!:J1nu'Vl-rV'I!:J1 mu '1161 ~Bf) ~1 lJ (Straddling stocks) 

(Chuenpakdee and Pauly, 2003: 337-353) bfltvi~'U1'U~'U~B111Vli:Jd ~B5'111'11btl'U~B\161~1\I 
W'U'UIJ'l11 '161B'U~ b oLJlJ bb ~\1'11'\11-r'U 1'111 '161B'U m1vi1 fl11U WlJ\I~~ t'1 n!)'\11111 !:J bb'1 ~61.11t'1 fl1111 !:J\11'U bb'1 ~ 

1., 0 ., 0 .1 d.... ... 1 J' d ' 1 ~ ~ 
1fl11f11'U f)lJ 611'\111'U fl111J'111'161B'U fl11Vl1fl11 u1~3.J\1Vl'il'U'i!B'U 'UV'l'UV1B11 Vl!:J'U bb'1~'UB n'11 n'U 

' 
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et al. , 2008: 1-51) 1'111'1fY~1llvl1fl11U1~lJ\1~1m-d'Un'U 11ll~\11'111'111'U'1'U'Ull1~1fl11~1llvl1fl11 
~ ' 

ol 1 J/ .J ' .J O ., ., < ~ ( ) ~ 
u1~l.J\I 'U'V'l'U'Vllb'1~'1J1\I b1'11'Vl b 'VllJ1~'1lJ~1'Vl1'\J'1~1'U1 Paterson et al., 2012: 1-16 11l.J'Vl\I 

tJ1~ b~'U b~ v\I B'Vl B'V'l'1'Uv\Ifl11 b tJ ~ f.l'U bb U'1\l '1fl1'V'l a1 rn111~atJ1~'1J1fl1~ ~1J1 bb'1 ~ rn1v11rn1tJ1~ll\l1 'LI 

a111 'Vlf.Jm1b ~\l?ifl~1b~a'1~1\ll'l11l.Jb .rr1 h~-B'~b'il'U 
' .,.Js 1" "" ' '.1 s ... ., 'il1flv\Il'l1'111ll 1'Vl !"1 fl~1 ~ 'il 1 fl fl111bl'l11~'Vlv\11'1u1~ fl v'\J51 ~ bb'1~fl111"1fl~1'1J1tJ1~1 ~ 

~ , 

~B'U'\J'U G1til'a!'la111 'Vlf.l~a'Ufl'11\I bb'1~'1tilal'la111 'Vlf.l~a'LI'11\I zj\l'il1flrn1?ifl~1a\ll°ltJ1~flv'\Jli1ma\I , 
1'Lim~~fl'VltJ'11'Vl~\I 4 bbV1'1\lbn'UIJi'1a~1\I '11tJ1~11tJ'11'Vl1'Ua111'Vlf.l'11m1'11~btJ'U 4 '1tilal'lml.J 

\I \I \I , \I 

1tJ bb '\J'\Jv\ll°ltJ 1~flv'\J51~1 'LI'U a'\J m~ ~ fl'VI bb'1 ~m fi'tJ1~ flv'\J51~ bu~ f.l ~" a~-d1\1~1~'UB\IU'11 1~ f.JU'11 
\I , \I \I , 

'Vlbb~'1~'1tilal'l 1-tl~1~1 'Libb~'1~'1tila!'l bu~ f.ll.l1fl fl11~a f.l'1~ 50 'Uv\l-d1\1~1~~\l'Vll.l~ G1til'a!'ltJ'11'Vl 1 'Ua11 
~ ~ 

1 ""., ., """" .J"" ., 1 ' • I o I ., o I 1 J/ .J.J ' "' • I 
'Vlf.l~tl'U'\J'UlJ1f1'iJfl1'1J1~'VllJl'l11l.Jbu'V'l1~m'1\I bb'1~ lJ u~ u'Ufl'\J u"1'Vl 'U'V'l'U'Vltl'U '1 '11'U'1~ell'lu'11'Vl 

d.J " " I " 

1 'Ua111 'Vl f.l~v'U fl"1\lii bb 'Vl'1\l~ll1'Uv\1'1flU'111f.lav'U~'\11'11fl'\11'11 f.lzj\1'1v ~ l'l~ v\I n'U.LJ'vl.J'1 '1llll1'1ll bL'1~ 
~ ~ , 

flWLb'1J1mV1'1e.11'UlJ1~\l~'U~d 
'il1 fl fl11?ifl~1'V'l'11~tJ1~"111 m LL'1~'1fl11~fl11U1~ll\IU '11'Vl 1 'LI a111'Vlf.l'il1 fl~1'U.LJ' vll'1a1f.l1 'LI 

\I .-.. \I , 

bb'1~ii'U'U1~ bb 1fl..ij'\J~~1l.l1fl zj\l'il1 rnm fl111 L!'l11~"1b ~'LI 1~11'1tila!'ltJ'11lJ 1 'Ua111'Vlf.l~1'U1 'Vl~iiw~'\J 

rn11-tltJ1~1f.l'1ltl ( 1~~'\Jv11fl11tJ1~ll\I) b'1f.le.11'U1~~'\Jfl111-titJ1~1f.l'1ltl~v111 m~ll1'1~1fl1'V'l'1\1'1~ 
~ , 

(EmaiJ 1 tJ LL~1 faf.l'U'U1~LL 1fl..ij'\J'Uel\IU"1lJ 1 'LI'1til'vl'l L V1~1da ~L 'U1~~'\J~~a'U.LJ'1\1~1Ldm ~f.l'\Jtl'\J'U'U1~ 

m1l.Jf.J11~\1~~~~~1J1'il~m~ (La) bb'1~'U'U1~bb1fl..ij'\J~\lfl~11~\lbU'U'U'U1~~b~flfl11'U'U1~1fl~~1'LI 
'Vl fl'1til'vl'l zj\l'il1fl fl111 Ll'l11~"1m f.J fl11L~'\J 1~ bb'1~1~~'\J fl11vl1fl11U1~l.J\I~ b 'VllJ1~'1lJ~1'Vl-r'\JtJ'11'Vl 
' ' ~ 

LL 1fl..ij'\J 1 ~L'VllJ1~'1lJ 1~f.l.ff 'ULL 1fl'11LU'U~el\1Ufo'U'U1~ bL 1fl..ij'\J 1 ~L ~l.J~'U (llJ..ij'UtJ'11 L~fl) L ~B~'il~'Vh 1 ~ 
1~i:.J'1..ij'\J~v'Vlil1f.lfl11'Vl~LL'Vl'U~ (YPR) ~'1\l~'U 11lJ~\ltJ-r'\J1~~'\Jfl111otltJ1~ fo'tltl (1~~'\Jfl11vl1fl11 

~ 

tJ1~lJ\I) 1 ~L 'Vll.l1~'1ll~1'Vl-r'\JtJm'VlLb~'1~'1~al'l~1f.l 1~f.l 1 'LI.ff 'UbL 1fl'11 L U'U~B\1'1~W~'\Jfl111-tltJ1~1f.l'1ltl 
~ 

'1\lmna'U ~1'Vl-r'\J'U'U1~bL1 fl..ij'\J~ b 'Vlm~~ll bb~'1~'1tilal'lmll~ri'1'U1'U 1~mll'Vl~~ffl 'Ul'l~\1'11~~1 L U'U 

-d1\l'U'U 1~m1ll f.l 11~a1 'il ~ v\I ~1L'Ll'Ufl 1 1~'il 11ru 1'U'U 1 ~~tJ '11'Vl '11l.l11'1~'\J~'U611\11'U1~m~'il11ru1 
~ , 

~1lJ~1f.l1'Ufl1111\ILLi:.J'Ufl11..ij~rn1tJ1~lJ\I zj\l'il1fl11f.l\11'U'Uv\I 'il11l.J1f'l LlJ~~lJ~'UB (2557: 28) 1~ , 
11 f.l\11'U11'U'U1~'Uv\lvlmLlJ~'UBU"1'Vlii'U'U1~~\I LL~ 160 i3'1fol.l~1~'U 1 tJ ~\l,!'U fl11rl1'Vl'U~'U'U1~~ ' ~ 

b 'Vlll1~'1l.l 1 'LI'Vl1\lfl11..ij~ fl 1 1tJ1~ll\1'11 b U'U~B\l~'il11ru1'il 1 fl.LJ'vlJ'1~\1'1v\ltJ1~ b~'Ud~1l.ln'U 'Uvfl'il1fld 
~ 

1 'LI'U1\1'1mrurn1ru b 'li'LI tJ1~L~'UL~a \l rn1..ij'UtJm'Vl~ii'U'LI1~ 1 mu~'V'l~all~'\J~'U511\11~ 1 'LI~'U~ LL'1~ 
~ "' ' 
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7.6 -a::bf!'IJ'Vl\;lel.:ln1"al"ln'l~t1 bWl.Jb\;ll.J 

m-a?i n'l!t1 b~ ~1 nu m1ii'1ii'W''U 5wvi11\l~\I bb 1li'I~ e:iii -a~uu'ilnl"!tl tJ1~'1!11"1ii'11'l1tl1 bb~~ m-a 

lJ~vt11~1i'ln11'Vl-rvm1m'11'l1tl11'U~UbblJlJ Ecology-based fisheries management bU'UU"a~b~'IJ~ 
1"11-an m1~1b 'il'u m 1 11ii~\lm1?i n'l!t1~.:i ~'VlB'W~'/Je:i\lm1L tJ~ ~'IJ Lb u~\l'/Jv\l~Jl1'Wmml"l~e:itJw'1!1m 
'11'l1tl1bbmm11v11m1tJ1~ii\l 1 'LIB111 'Vl~m1b ~\l?in'l!t1 b ~e:i~~1\lm1ii b .LJ1 h~~li'lb"il'Ub '1i'Ub~~1ti''U 

n11?i n 'l!t1 b ~ii b~ ii b ~ ~1 nu ~ ~ e:i fltJ ~ 1'Vld1"1111~1"111ii ~'U 1 "il b~ ~1 nu n11?in'l!t1'Vl1\I~1 'U 
\I 

'W''U51"11~1'l1tJ1~'1!1m Lli'l~m1?in'l!t11'Uirn'l!tru~bb~m'WI"! 'Uvn"il1ndm1?in'l!t1wrnbvt~\111\lhl bb~~ 
' ' 
1 11.J' d 1 ' 1 ' ... .. 1 "x d 1 " ... I "" • I ) " :'1 • I " d 011 '1l'W'U'Vl11\I '/J (11\1 '/Jbb~nn'LI vt1e:i '1l'W'U'Vl11\I '/J11iin'U1~vt11\l~l'le:Jflu~1'Vl nm-abu'UuWbli'l'U'Vl 

\I 

m1~1b 'il'Um-a~e:i 1 tJ 'Ue:Jn"il1nd~1'W111fol'le:i1'Vl1\1~11'Vlm~'U 1 bb~~m1?in'l!t1~m ~e:i\l 1 'LI~1'U'W~11'l 

tJ 1~'111 m'/Je:i \IU~ 1'Vl bb~ ~ ~ ~ ~e:i fl ti b lJ'UtJ 1~ b~'U ~1A rn ~1vt-ru m 1u ~vt11~ li1 m-atJ-a~ii\ltJ ~1'Vl 1 'U bb~ 
\I ·~ \I 

~~~~e:Jfl~e:J 1 tJ 

7.7 fl"atl • 
n~1111i1~~1tJ ~Jl11~'Vl-r'W~1mtJ~1'Vl~ b~'/Jv\IB111 'Vl~~1'U"illi1ffi ~~~~~l'l~\1~1i1ii1bb~1bb~~e:i~ 

, , "' , \J 

1 'U'li1\lm1v11m1tJ1~ii\l~bn'UPl'n~m1~~l'l 011~1 b 'il'Um1?in'l!t1~1bb 'Un~~e:ifltJ~1'J 1 'UB111 'Vl~ ~'U~'U 

"il1n ~~ 0111b1"111~"1e:i'lfi'tJ1~ne:iu51me:i'l1 'U m~li'I nvt bb~~~~ m1?i n'l!t1~1tJ1~1~ ( m-ab~u Ll'l) 
, \I \I 

l'lv'Uu'U ~~e:i1"1B111 'Vl~\Jlv'U n~1\I bb~~~~e:i1"1B111 'Vl~l'le:i'U~1\I zj.:i bb~~~~~e:ifln~1'W111iJbl'lv1'Vl1\I 

'W~11'ltJw'1!1mbbl'ln~1\ln'U Lli'l~tJ~1'Vl'Vln~~e:ifln1~vi'um11-titJ-a~1~'1ltl~~\lb~ii 1~ bb~~'/J'U11i'lbb 1n~u 
\I' 

B111 'Vl ~l'le:i'U~1\I) "il1 n~~ m1?in'l!t1vi'\I n~11~\I b~'Ue:i bb 'Ud1m1nm1Vi"iJ11ru1tJ-ru b ~ii1~vi'u 0111 -ti 

uw 1~'1ltltJm'Vl'Vln~~e:ifl Lli'l~tJfo~1m1iim1bb1n~u'/Je:i\l~~e:i1"1B111 'Vl~l'l~1'Ue:ie:in bb~~~~e:i1"1a111 'Vl~ 
\I · . 

l'le:J'U~1\11 ~ b vtii1~~ii b ~e:J\l"il1n'/J'U11i'l bb 1n~u'/Je:i\ltJ~1'Vl1 'U~~e:iflb vt~1de:i ~1 'U1~vi'u~~e:i'UoLJ1\l~\lbde:i 
\I \I \I 

b Vi ~u nu'IJ'U1Ii)m1ii~11 ~\I~ li1~'1 l'l1tl1"il ~m~ 'LI e:i n "ii 1nd011 ?i n'l!t1 b ~ii L~ii 1 'UtJ w b~'U~~iru~'U'U 
\I ' ' 

~UbblJ\Jn11~1i'ln11 Ecology-based fisheries management bb~~m1?in'l!t1b~iib~iib~~1ti'u 
Q.J .c:::il a I Q..lic;;l.r=J a I 1 fl/ 

~n'l!tru~'Vl1\1'1l1u1~1\Jle:J'U 1 '/Je:J\lum'Jbb\Jl~~~l'le:Jfl 





• 

m11tJ1t11.:i. (2555). "?1~~m1tJ1t11.:itJ vtf31. 2551 ", ail~m1t11::3J.:Jbb\1.:it11::b'VlflL'VIV. 

http://www.fisheries.go.th/it-stat. 25 ~lJfl1~'U5, 2559. 
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n13JU1tlJ.:i bLrt t~'UeJU ty"IJ1 fl11LLm61JU qjVl1 m1vi1tJ itlJ.:i ~ ~ n~V13J1EJ. LLN1Jn11'1.J°i'Yl11~ ~ n11th::3J.:J 

'Vl::Lgi'tJiJ.:itl1::L 'VIAL 'VIV u lvu1vu. \1.:i111~.11um1~~m1t11::3J.:i'Vl::Lgi cw.fl. 2558-2562. 

m.:iL'Vl'V'llJvt1'Ul'l1: mmhtlN, 2559 . • 
nci~~1 o.:i?im LLrttl'lrut. m1tl1::Lnua1111::V1i'cwv1mtlgi1iY.:i (Rastrelliger kanagurta 

(Cuvier, 1817)) luei11l'Vlv. m.:iL'Vl'V'llJV!1'Ul'l1: ~1i!n1..ij'mLrtt'W'\Pll'U1thtlJ.:i'VltLrt • 
n'alJ'lhtlJ.:i, 2555. 

m:i.:i~111'1 LL vr~.:itJ1t11.:i. m1f1ni~1.11ua~V11f11flfli~ilndu'iL 1ruei11 l 'Vlv~rnuuutJ 2517-2518. 

m.:iL'Vl'V'llJvt1'Ul'l1: m11tJ1t11.:i, 2521. • 
'111111131 LlJ~"'lJ'W''U5. ti'1nnfltJgi1V1.11mnuf1113Ji'tlil.:J~.:Jfl3J L 'VIV. m.:i L 'Vl'V'llJV!1'Ul'l1: ~1i! rn1'U 

, " DI " drl " , 

nm'Vl'U?!UtJ?l'U'Um11..ij'EJ, 2557. • • 
L'1~ty il~o1111EJ.:i. "tJ1diim1tJ1tlJ.:i1 'VlEJ ", L 'U ;i11'VIV1'th::lJ.:i. oil~l1 'Vl11'V'IU'U'Vltl ('I.Jn.). 

,, 
'U. 79-96. n1.:!L'Vl'V'llJV!1'Ul'l1: i'1L~EJ1, 2543 . • 

"iJ~fl ~'U~Lf311fli'fltl. "?1m1t'Vli''V'lEJ1mtJr1Tv11 'U~111 'VlEJfle:J'U L 'ULLrtt~111 'VlEJ~.:ifltl'Ufln ", L 'U v v 

""' "" ..I o I • I 11V.:J11J11f1n11Q'\.J'\.J'VI 5/2533. n1.:!L'Vl'V'llJV!1'Ul'l1: ne:i.:iuitlJ.:i'VltLrt nilJuitlJ.:i, • 
2533. 

~1~~ ~lJ 1'11.:i,;, "6ll'U1~f11€11'U~e:JlJ..ij'tJ~LV!lJ1::~lJ L 'Ufl11vl1D1::lJ.:JUrt1'Vl ", L 'U 11f.1.:J1U11f1n11 
v 

nuu~ 2/2533. m.:iL'Vl'V'llJV!1'Ul'l1: ne:i.:itJ1::lJ.:i'Vl::Lri mlJtJi::lJ.:i, 2533 . • 
"m1?1n~1'V'lrtlf1Uit6!11m\Jr11vr~.:1L~EJ1 Sardinella gibbosa (Bleeker, 1849) L'U 

.. I 1 1 .. .,j ti tJ1L1rum1 'VlEJ ", 'U '5'1t1.:i1u1111m-a'Vl n a. 5/2534. 'U.1-61. n1.:iL'Vl'V'llJV!1'Ul'l1: 

!31'UeJ'W'\Pll'U1tJ1::lJ.:i'VltLrt~111 'VlEJfle:J'UtJ'U m11\J1::11.:i, 2534. 
v 

0.... 1 .. ., .{ .. ..i .1 ., ,,: \!:'! ., " 1 
~11V! ~lJ '11.:1~ LLrt:: 6'flJf31n~ ~rtrt::f311. "fl11'Vl~rt€l.:lfl~Ll'l1€l.:ivtlJ1Elurt1~61J.:!Lr!EJ.:I 1 b'Un1::6!1.:J , 'U 

'a1V.:J1'Utl-a::lii1tJ .:J11Jil~i'n~tlgi1~1tl1 CW.ft.2509 - 2510 ll1fl 1. 'U.58 - 70. 

n1.:!L'Vl'V'llJV!1'Ul'l1: nilJUitlN, 2511 n . • 
"11EJ.:11'U?11tJ ~"' m1..ij'tJ~'ULLrtt~61Je:i.:1 Ll'l~e:i.:ivrm EJ~ L vrm::~11'1:: 1-tl9i~ ti'tJtJrt1'Vl ", L 'U • v ,, 
11v.:i1ut11::lii1tJ .:i1uil~i'n~tlm~1'll1 cw.ft. 2509-2510 fl1fl 2. 'U.248-281. 

n1.:iL'Vl'V'llJV!1'Ul'l1: m11tJ1tlJ.:i, 2511 'lJ. 
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"m-ab~'U'Vl1.:ibba::nTa'\.J-a:Hij'Ual'!-a1b ~1 t 'Un1'ab~'U'Vl1.:i"lJa.:i'llm'VI" t 'U 11!Nl1'1J\.h::~htl 
" II 

.:11'1JV'lffmh.Ja1~1U1 CW.fl.2509 - 2510 ll1fl 2. 'U.282-324. nrlb'Vl'W:U"11'Ul°l'a: 

m:u'll-a:::u.:i, 25111°1. 

'Vl1'U'Vla.:i "il'11bnl'l. m1~vim1\.11::11.:i. aua-a1"1!ti1il: :U"111'VIEJ1~EJaua-a1"1!ti1il, 254 7. , , , , 

tl''U'VlotlEJ ~~"il-a bba::l°lru::. m1\.11::w'Uf!ll11::'Vli'cw!.11m\.la1'Vla-:iL~v111ilvi Sardinella gibbosa 

(Bleeker, 1849) L'Ueh1l'Vlv. ri1tl'n1..ij'mba::~~'U1th:::u.:iV1::ba m:u'll1:::u.:i, 2556. 

'll1::nau 6'11°l'Uti:IJ1'U, "ll~l'l ~'U~bl3111'1~1'1tl bLa:: m~n fll~L~a.:i~~- "mmba::m1L"iJ~nlb~tJLl'l"lla.:i'lla1V1 , \J , , g~ \J 

V11.:i~.:il'l::1'Ul'l n"lla.:i~111 'VIEJ ", t 'U 'a1V.:11'1J\.11::lii1tl -:i1'1Jv'4i'n.J\.la1~1J1 cw.fl. 2509 -

2510 ll1fl 1. 'U.41 -57. m.:ib'Vl~:U"11'Ul°l1: m:u'll1:::u.:i, 2511. • 
'll1::m 1~'Una. LL'Vlfi.:ILLa::nvi11.:il'ti11v-:i\.la1'Vl'l.JiL1ruei11l'Vlv~-:ifl::1'uflnflv'IJ\J'IJ (\.11::~1ufli.iju6 -

' v1\I V 

"t11CW'a). ni.:ib'Vl~:uvr1i.m1: na.:i'll1:::u.:i'Vl::La m:u'll1:::u.:i, 2538. 

m"ll1 6'1:U:Uru. n1'a~Vln1'a'Vli'vm1n'a\.l'a::11-:i. m.:ib'Vl~:U'V!1'Ul°l1: l°lru::'ll1:::u.:i :uvr1i'Vlm~mnmi113116'11'1{ 
' 

2520fl. 

cwa1'fl\.11::111n1. ni.:iL'Vl~:U'V!1'Ul°l1: l°lru::'ll1:::u.:i :uvr11V1EJ1~mn~l'l1!3116'11'1{ 2520"ll. 

tlEJ L"lll°l ~'Uatl''Ul'l LL6'ltl°lru::. m1\.11::Lij'Uf!ll11::'Vli'cwv1m\.la1LL;;-:i\ri (Megolospis cordylo 

(Linnaeus, 1758) L'Ueh1l'Vlv cw.fl. 2550. ni.:iL'Vl~:U'V!1'Ul°l1: ri1tl'n1~mLa::~~'U1 

'll1:::u.:i'Vl::ba m:u'll1:::u.:i, 2555. 

1~b11:: ~'Vlti1mru. am~tru::'Vl1-:i;'i11'Vl!.1111a-:i\.la1'~ (Rostrelliger brochysomo (Bleeker, 

1851)) 'Vl1-:i~.:ieuvi12Ju. m.:ibV1~:uvr1'Ul°l1: na.:itb:::u.:i'Vl::La m:uth:::u.:i, 2541. • 

b~:U~ 1: rii'.ia 1~m L-tfo{ 6'1tl1{ LLa:: ~LtJi'U 1ilm ", L 'U bvnf1111111m1\.11::11-:i lvimm~ 
" 

,. .... cl ..... 1 ~ cl ' 
Lv ~v il\J\J'VI 306/1 \.11uu1-:ifl1-:i'VI 2. ni.:ib'Vl~:U'Vl1'Ul°l1: a.:i1"1m1mvr11bLa::m1bn~l'l1 

Lb vt.:i6'1vr'll1::"1!1"1!1~ ri1tl'rl.:i1'Ullijll11°1Lab ~mLa:: bL 'll~Yll°l, 2544. 
" 

EJ'W'UVi 11~'U-tl'ml311~~- ".:i~~u'lla11tJn~11.:i1·1lL~aanvra1'U1'VIEJ"il::1~iln'U '', 111f111m1\.11::11.:i. , ~ "I \J \J 

52(1): 51-56; :um1l°l:u, 2542. 
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~l'l'l.11 ~ftGqJqJ1. "m':iPim~1e:i'4U':i:::"1!1m'U~nruei111'Vltil'le:J'lJb'lJ "il1n LOH lsozyme", 1u 11£Nl1'Uf111 

fl3J3J'U11111f111'l.h:::,}1tJ 2528. 'lJ.318-330. n':i\IL'Vl'rl1.JVl1'Ufl':i: n':i1.JU':i:::1.J\I, 2528 . • 
~l'l'l.11 li'"Uu':i:::~'VI~. "m11.1m.J\j':iruL'rll31b'U':ie:J'UU"l.le:J\IUft1~ Rastrelliger brachysoma (Bleeker, 

1851) LLft:::Uft1~\I R. kanagurta (Cuvier, 1817) 'U~L1ruei111'Vlti~\11'1:::1'Ue:ie:in ", b'U 
... ., ..; 

Ltlfli'l111111n11il'lJ'lJ'VI 9/2544. 'U.1-22. n':i\IL'Vl'rl1.JVl1'Ufl':i: ne:J\IU':i:::1.J\l'Vl:::Lft mii • 
tl':i:::ii\I, 2544. 

1iti "111.l"il~ti ~1~~ 6'11.lb"il1\I~ LLrt:::~l'l'U::: 'U'U'U1fl. "m':ie:JYlt!YlEJ1tl~'ULLft:::m':iL"il~ntL~ULl'l"l.lel\IUft1'Vlb'U 
• , v~ \I 

ei111Vlti", b'U Ltlfli'l111111f111ilU'U~ 4. 'U.28 -114. n':i\ILVl'rl1.JVl1'Ufl':i: miiu':i:::1.J\I, 2508 . • 
cil IV' a=f J'11d CV 

1 
Q.I Q.lcil 

1':i::: 'tJfll';jn'\~. "f11':il31n'\~1L'Uel\ll'l'ULnm&'lm1:::'Vl':i'rltl1mU':i:::1.J\IUft1'VIVl1\l~\l'Vl:::Lftel'Ul'l11.J'U iJ 2517 -
.·~ v 

2524"' b'U 11tl{l1'U1111m1. n':i\IL'Vl'rl1.JV11'Ufl':i: ne:i\IU':i:::1.J\IVl:::Lft n':i1.JU':i:::1.J\I, 2527 . • 
. "'1fi11:::Vl~Yltl1mU':i:::1.1\IUft1'Vl'V11\l~\l'Vl:::LrteJ'lJl'l1lJ'Ul'le:J'Uci1\I ", b 'U 11t1.:i1'Un11fl3J3J'U1 

~~- v 

1111m1t11:::,J1tl 2537. 'U.281-295. m\IL'V1Yl1.IVl1'Ufl':i: miiu':i:::lN, 2537 . • 
1':i::: 'tJfll~n~ LLrt:::'<ii'1rtm "ll'U:::~'Vlt "6'1fl11:::'Vl~Ym1mLLft:::f11':iU':i:::l.J\IUft1'Vl'V11\l~\l'Vl:::LfteJ'Ul'l1lJ'U 

.·~ v 

'rl.131. 2522 - 2536", b'U 11tl{l1'Un11fl3J3J'U11111n11tl1:::,J1tl 2539. 'U.537-555. 

n':i\IL'Vl'rll.JV11'Ufl':i: n':il.JU':i:::l.J\I, 2537 . • 
1':i::: un1~n~. lii'1rte:i\I e:i'Urt6'11':i':iru LLrt:::&'luuti1 un1&"1"1.I. "~rtm':ie:ie:inmmm':ie:i'U~n~um'Vl 11'1tim':i 

• v~ • q • u~ • I\ \I 

iJl'leJ11~\l\11'V11\l~\IVl:::LfteJ'Ul'l1lJ'U 'rl.131. 2528 - 2540", b'U 11tl{l1'Un11fl3J3J'U11111n11 

tl1:::,J1tl 2542. 'U.119-132. n':i\IL'Vl'rll.JVl1'Ufl':i: n':il.JU':i:::l.J\I, 2542 . • 
6'1~1 1~'1..liti LLft::: 1e:ifl16'1 Ll'l"ll1~n~. "':i1tJ\11'Uf11':i'11':i1"ilLL V!ci\111\11~LLft:::'l~11\l1 ~"l.le:i\ltlrt1~1'UU~L1ru 

e)111'Vlti~\11'1:::1"Ue:ie:in tJ Yl.131. 2512 - 2513", 1'1..l 11t1.:i1'UV11.:i1111m1 V1ii1t1.:i1'U 
., 

£l'lffn~tla1~1tl1 ti cw.fl. 2511 - 2515 111fl 1. 'U.95-132. n~\ILVl'rll.JVl1'Ufl':i: 

ml.ltl':i:::l.J\I, 2516. 

6'1l.JW1'i\I L~tll.J&'ll.J'U':iru. "f11':i~l'lf11':i'Vl~'rltl1n':itl':i:::l.J\ltlft1'Vl b 'Uel111 'Vlmvle:i~ftl'lel'U LL 'Vl'UbLrl'1\lfll.J 
·~ v v 

6'1\16'11'1 "' b 'U 11tl{l1'Un11fl3J3J'U11111n11tl1:::,J1tl 2536. 'U.681-688. 
v • 

n':i\IL'Vl'rll.JVl1'Ufl':i: n':il.JtJ':i:::l.J\I, 2536 . • 
6'1'V15iti nVJ6ti':i':i1.I 'rl':i':iru~ti1 b"ilelel'U LLft:::1':il'l':i &'l"l.1'116'1~. "f11':i11\11~"l.le:J\ltlft1'Vl Rastrelliager 

'I gl • \I 

brachysoma (Bleeker, 1851) "il1n'V~mLl.l-W''U~~L~tJ\l b 'U':i:::uutl11V1~'Ub1ti'U" b 'U 

11tl{l1'Un11tl1:::113J1111n1':in':i3Jtl':i:::3J.:itl1:::~1tl 2555. 'U.176-189. n':i\ILVl'rll.JV11'Ufl':i: • • 
miitJ':i:::l.J\I, 2555. 



~T:i1UJVl'U1 VliaJY11VlVi' n,;~a bbG'ltl"lrut. m1th::bij'Ufl1111::'Vli'vni1mtJa1bb \hm1::f!1'U 

(Photopectoralis bindus (Valenciennes, 1835)) L'Uel111'Vla. 

m.:ibVl'rll.J'Vl1'Ui"l1: ri1tl'n1-;ij'mbat~l'lJ'U1tl1::::l.J.:iVJtba ml.ltl1tl.J.:i, 2556 . • 
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eJ1~'U5 tJtl 1tJ1::::nBu. "m11bl"l11t'Vl1 ~tlmaBml1bbata n1t1eJeJ'U11m.:itla11ii'1Y11ntla1VJ~.:i L 'UtJ~nru 'I, Ill ,a~ \I \I 

e1111 VltJ bba::::m1~n~1b~mnunT'mY1~mt'11tJ'1leJ.:i 1 ~bba::::an1t1eJB'U", L 'U Li>nfl11 
'U 

Q ... ~ ·' 1'ti1n110'1.J'l.J'VI 4. 'U.115-151. n1.:Jb'Vl'rll.J'Vl1'Ui"l1: fl'Sl.Ju'Stl.J-:1, 2508 . • 
"11t1.:i1'Ut:-Ja m-stl~llii.:i1'U~ n~1 bb V1'1.:i11.:i 1 ~ bba ::q~ m111.:i 1~'1JB.:itla1~1 'Ue1111 Vlt1 

., 
tJ-s::::lii'1tJ 2508-2509", 1'W 11v.:11'Uth::~1tl .:11'Ue:i~i'mhJa1~1u1 'W.A. 2509 -

2510 ll1fl 1. 'W.13 - 40. m.:ibVJ'rll.J'Vl1'Ui"l'S: ml.ltl'Stl.J.:i, 2511. • 
" "m1eJ'U-rn~Vl-rY1mmtla1'VI ", L 'U 11v~1'U1'tf1m1 'Vlti1v.:11'Ue:J'Lli'n'4tJa1~1u1 

• 'U ' 

'W.fl. 2511 - 2515 111fl 1. 'U.203-242. n1.:ib'VIY1l.JV11'Ul"l1: ml.ltl-Stl.J.:i, 2516. 

m~'U5 urntJ-s::neJu bbG'ltt1eJ111~.:i bVl'rlli11'U'Uvl. 2516. "m1V1111aeJ.:it:-J'1l.lbVit1l.Jbba::::~n~ru:: 1 ~bba::::an , , , a~ \I ., 
1t1e1eJ'U'1leJ.:itlm~", L'U 11v.:11'U'V11.:11'tf1m1 'Vlti1v.:i1'Ue:i~i'n'4tJa1~1u1 'W.fl. 2511 -

2515 111fl 2. u.379 - 406. m.:ib'Vl'Vil.l'Vl1'Ul"l1: ml.ltl1::::l.J.:i, 2516 . • 
B~1 iai~L~B.:i~'Vi. "m1Ltl~t1'ULLtla.:i'Uu1111m1l.lt111'1JeJ.:itla1'Vl~..ijulmue1111VJt1-s::::V111.:i 'rl.iai. 2511-

• 'U 

2537"' L'U 11V~1'Ll1'ti1n110cU'l.J~ 2/2540. fl1.:IL'Vl'Vil.J'Vl1'Ui"l'S: ~'U~~l'lJ'lJ1el11L'VltJ 

1J1eJ'Una1.:i ml.Jtl-Stl.J.:i, 2540. 

eJ1'U1tJ i"l.:J'Vi'S'Vll.J LLG'lti"lrut. m-stJ1::bij'Uftll11::'Vli''Wv1n1tJa11Jl1'Vl11'U~fl (Priacanthus 
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A comprehensive picture of marine fisheries in the Oulf of Thailand (OoT). within Thailand's boundary, has ~ 
~bod by using fish landing data for 26. years, bctwccn 1984 and 2009. Thllty-fivc (3S) spocios/groups of fish 
landinp were nsed in analysis. Rttstnlllger brachpoma showed the lowest long•term variation (CV) in tish landiligs at 
lS.53% and tho highest CV was observod in L!Jtu calcarlfu at 146.16%. The ~p bctwccn CV~. fish 
landings allowed a ncsltive 1r0nd with a high oorrelation (r - 0.62) and was associatod with spcoioiJ lifO.hiStory 
stratogiea. For short-term variatiollll. the means of the relative variation (28%) were higher Ihm tho absolute vaijali~ 
(25%), indicating a higher uncortainty when catches are low. Three trends in fish landings were analyzed. by 
Spcmnan's rank correlation. Seven (7) and 3 speciestgroups trended to decrease and increase, respectively,.~ the 
studied period. Meanwhile, IS spccios/groups showed a trend of inversion, i.e. increased then docreaml. The self· 
organizing map was used to cluster patterns of fish landings, which indicated temporal trends of chronolOgical .order, 
i.e.1985-1990, 1992-1998, 1999-2007 and 2008-2009. 

[Keywords: Fish landings, Long-term variation, Short-term variations, Rank correlatiOA, Self cqanizina maps) 

Introduction 
Growiilg demand of fishery resources is raising 

awmeness and concern regarding their states. in 
which 300/o of marine fish stocks are complete(?' 
overfished and 57% are close to being overfished. 
Thus, understanding the effects of fishing and the 
dynamic revolution of fishery resources should be 
consciously increasin& both in the jurisdiction 
waters of individual countries and in the larger 
scale ~s. for effective resource 
managem.en,;;'. 

Gulf of Thailand (GoT), one of sixty two Large 
Marine Ecosystems (LMEs), is among the top five 
LMEs in terms of marine fishery production ... 
Average total annual production of marine capture 
fisheries in Thailand in 2004 was about 2.6 x 106 

tonnes. in which the production from the GoT 
contributed about 68.S pert:ent, with the remainmg 
from the Andaman Sea'. Similar to LMEs 
elsewhae. a declining in biomass fishery resources 
has been observed in the GoT, in particular the 
demersal species".s. Many reports show that 
overexploitation of fishery stocks can promote 

long-tenn changes of fish eommum~ in marine 
ecosystems2.3il.6 and the amount of fiSii tandingt in 
each individual species or groups at any given Upie 
could serve as a suitable 'indicator' for monitoring 
community level responses to fishing pressuresM.1. 

Jnformation on catch and effort in the GoT 
started in the 1960s from experimental and 
commercial trawlings8. Monitoring programs .of 
marine fish . landings in Thailand . was Sfarted. in 
1971. Data per se is allowed direct 8nalySis on 
variations and trends of the fisheries and ®uJd be 
further used to foresee status fish communities in 
the future3.6.9.to. Present study is to examine the 
annual variations and trends in fish landing of 
individual species in the GoT in Thai sectoras well 
as analyze the pattern of fish landings .composition 
over the studied period. On the basis of 
multispecies fisheries in GoT4, the fish .landings 
essentially rtpresent. the actual specuum of species 
composition. Results ftollt the study can ~ used to 
make a step toward more effective management of 
marine fish resources in the GoT. 
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Materials and Methods 
Time series of annual marine fisheries landings 

from the GoT were available from the Thailand's 
fisheries statistics yearbook, reported by the 
Department of Fisheries (www.fisheries.go~th{rt
statlyearbook). Jn this study, time series of landing 
of each individual fish species/groups were 
extracted from 26 years (i.e. 1984-2009). The data 
were arranged by the matrix of year and 35 fish 
species/groups on fish landings. 

Long-term variations (i.e. characteristic in annual 
variations of yield of fish species/groups) wem 
detected by using coefficient of variation (CV) of 
fish landings. Correlation between the CV and 
average annual fish landing (both in /n
transfonned) was tested and then classified fish 
species into groups according to the levels of 
relationship. Two indices of short-tenn variations11

, 

i.e. inter-annual variations, were applied viz., the 
index of absolute variation ( U J and the relative 
variation (U,) as, 

u .l!i.1ooxmea;,.,-Y1-1I% 
• y y 

where y =mean value of long-term fish landings 
data; Y; and y;.1 = fish landings in a given year and 
previous year, respectively, and 

U,•lOOx2x((1- 1~)/(1+ 1~ )} 
where r = mean of absolute difference of log 
transferred catches, as calculated by: 

,. 
r = ~)08106'1/Y,-1)/(n-l) ,., 

wheren =duration oftime series data. 
Trend analysis of annual fishery landings was 

examined by applying Speannan's rank 
co1Telation3

. Discontinuity . of trend was indicated 
by the most significant turning point, which yielded 
the maximum weightrank (,.2), as calculated by: 

r$2 = (n1r.2 + n2r{ )1 n 
where Dr 'is a number of years in the first sub-series, 
r1 is Spearman's r for the first sub-series, n2 is 
number of years in the second sub-series, r2 is 
Spearman's r for the second sub-series and n is total 
study years. 

Tempqral patterns of fish landing in the GoT 
~· clu$tered. using the self organizing map 
(SOM12). SOM is an uusupervjsed artilicial neural 

network learning method for analyzing. c1uste~ 
and modeling various types of large datab.ases1 

• 

Samples, i.e. 26 years ofitshlandin~. with similar 
species composition and weight of individual.fish 
landing were c~ed in the same or ~bor 
outpnt map units12.13

• After 1he SOM analysis, 
Ward's linkage method was additionally applied for 
the purpose of clustering the map units. The SOM 
software package is av8i)able at 
www.cis.hut.fJ/projectslsomtoolbox14

• All· statistical 
calculations and graphics were done ~ the R 
Program". Analysis of similarities (ANOSIM) was 
used to test statistical dift'erences among.musters of 
similar SOM cells, using the libnuy •vegan" in 
Program R16. 

Results 

Variations and trends offish landings: 
Other than the mixed taxa in the other food.fish, 

fishes from Family Carangi~, Sciaenjdae and 
Lutjanidae were.the highest.diverse .spec~ lilDd ·die 
catches of family Engraulidae. and c~ 
contributed largely in fish landings -· Long
tenn variation (i.e. CV) ranged between l5.S3% 
and l 46.16o/o, but was more concentrated between 
15o/o and 8lo/o -· The specie&. with the 
lowest long-temi variations (i.e. most stable in fish 
landings) and highest variations (i.e. high 
fluctuations in fish landings) were Rastrelljger 
bn«;hysoma (1S.S3o/o) and Lt/ttfS 6lllcarlfer 
(146.16%), respectively. Relationship between CV 
and average annual fish landings, both in . ln
transformed, showed a negative trend with a high 
correlation (r • 0.62). From this relationship, tWo 
extreme groups of fish landings were clasSified 
-· In the short-term (i.e. inter~) 
variations. distributions of both u. and Ur were both 
positive skewed and ranged between 1Qo/o-9Q% and 
12o/o-109%, respectively The 
mean values of u. and Q. were ~.4 and 28°/o, 
respectively, and they were signilloamly different 
(t-test; P-value< 0.05). 

Three trends in fish I.. · in the Thai sector... . o. f 
the GoT were observed• . ·The first trend was 
species/groups of fish that had their fish landing 
continuously decreased during the considered 
period (1984-2009). TheywereJl km14guna •. 

.f11w~ '1.1 u'V1f111iim.'li'um1~'WiiwL~mLw11'U111fl111~~u'U1'U1'!11;; Cfiei> 
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lll(r.'lll'llge )ield) 

Fig . .I-Relationship between tile average yearly yield and tile 
c:oefficient .of variation (CV) of yearly yield for tile 3S fish 
species'group from tile fisheries landings in tile Gulf of Thailand. 
Two extreme patterns of allSOCiation between average and CV of 
biomQS imi contrasted wilb envelope& 
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Fig. 2-Dimibutions of absolute (UJ and rclati\'C (U,) short
term variations of fish landings in tile Gulf of Thailand. 

Megalaspis cordyla. Caranx spp .• Polynemus spp., 
i. calcarljer, Plotosus spp. and Psettodes erumei. 
Thb. second trend was 1he trend inversion, which 
was· characterized by an opPosito sign of rank 
correlation, ie. increased then decreased. Fifteen 
(15) out of 35 species/ groups, including sharks and 
rays, showed this trend. in which the inversion was 
mostly observed between 2002 and 2004. Members 
of this trend were, for example, R. brachysoma, 
Serialina mgrofasciata, Decapterus spp., Lutjanus 
spp .• and Chirocentrus spp. Lastly, the increased 
trend was observed in three species viz.._ 
Slolephorus spp., Sphyraena spp. and &:iaena spp. 
In addition. no significant monotonic trend was 
observed in 10 species/groups, e.g. Scomberomon1S 
commerson, T. tonggol, Liza spp., Pampus 
argenteus, Sil/ago spp. and Muraenesox spp. 
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Fig. 3-TRJICls in fish l~npin~GutfofTbd.and &,om 1984 
1o 2009. Monotonic trcods were deteOW .&y spCatmall•s lank 
eotrelation. From 1be left: Fish ~-num~ of~ in 
the first sub-series (n1), Spearman's r for 1be first slJb.series (r1), 

representation of the trend, number of years in ~ second~ 
series (n1}, Spearman's r for tho second sub.sories (rV; Sipificant 
trends are filled in shaded grey. White shapes' reptesent non
significant ttends. For detail of abbrcviatioDB of fish landing see 
Table I. 

Patterns of fish landings: 
The output map unitS of SOM was 25 (i.e. S rows 

x 5 columns). which yielded the lowest quantization 
(0.085) and topographic (0.000) errors. According 
to the SOM analysis incorporated with Ward's 
linkage method, four ( 4) clusters ot thh Iimding, 
which hereafter called "Mgime". were ide.otitl«l 
(ANOSIM tost. P-value< 0.001, based on 1000 
permutations)· and exhloitod tompOral trends. into 
time progression· .. :ThC firstmgime ~ 
I) was between 1985 and 1990; RegimeSUalll 
were from 1992 to 1998 imd 1999 t9 2007, 
respectively. The last regime (Regime lV) was 
between 2008 and 2009. Interestingly, thh limdings: 
of 1984 and 1991 were grouped with Regime IV. 
- showed the contribution of each 
species/group in each regime. 

Diseussion 
Variation in abundance of lhe explQitod 

populations can be caused by fishing pressure. 
decreasing body size and age of a stock. growth and 
survival rate of the species, as well as uns(abilizing 
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Table 1 Life History Strategies (LHS) (equilibrium: E, periodic: P and opportunistic: 0). envinmmenHEnvir.) (peJagic: P. 
denncrsal: D), average yield (with standard deviation (SD), n .. number of year), coefficient of variation(%} (CV) and indices(%) 
forl!hlolw:e (I).> and relaiiw (U..) short-term variations ot fish landings in the Oulf'ofTbailand. 

·SdalcetUiename/IJ'OUp Abbr. LBS Envlr. Awnpyleld :tSD (n) CV u. Ur 

Family Duyaddae & 
Myliobaddu 

Rays* DAS E D 6,150.54 :I: 2,749.34 (26) 44.70 25.S9 26.07 

Family Can:harhinidae 
Can:htuhinus spp. CAR E D 3,893.65 :I: 2,319.56 (26) 59.57 23.52 23.41 

Family Muraeneloddae 

M~spp. MUS p D 1,646.12:1: 598.14 (26) 36.34 ~69 22.77 

Faadly inp'aulldae 

SJol•p/rm'u;s spp. STS 0 p 111,120.04 :1:21;872.32 (26) 19.68 10.22 12.06 

Family ClaiJ'tlcenUidae 

ChJrocentl"US spp. CHS p p 4,858.42 :1: 2,l lo.6S (26) 43.44 23.26 27.16 

Family Oupddae 

Sartlnella spp. SAR 0 p 109,262.Sh 23,915.87 (26) 21.89 12.02 12.66 

Family Arlldae 

T~spp. TAS p D S,296.lS ::1: 2,4S4A7 (26) 46.34 26.37 32.12. 

Family Plotoiddae 
Ploto.tms spp. PLS E D 93439± 1;270.91 (26) 136~02 74.:49 522.'l 

Family Synodondd11e 

Saut:ida spp. SAS 0 D 36,723.81:I:20,751.S0(26) S6.Sl 24.94 27.00 
,. Family Mugllldae 

Llzaspp. LIS p p 3,378.39* 634.02 (26) 18.77 14~ 16.07 

Family Laddae 

1A1" calcarl.for LAC p D 269.19 :I: 393.46 (26) 146;16 89.64 108.99 

Faadly Serranidae 
Epbwphelus spp. EPS p D 3,47S.12 :I: 1,742.49 (26) S0.14 15;53 21.53 

Family Prlacanthldae 

Prlacanthus spp. PRS 0 D 46,875.73 :I: 24,947.79 (26) S3.22 16.42 19.81 

Family SOlaginldae 

Stllago.spp. SIS 0 D 3,532.89 ± 2,277 .53 (26) 64.47 27.17 30.11 

Family Caraqidae 

/AaiplBU6 spp. DES 0 p 41;3Sl.69*- 20,921.80 (26) SO.S9 21.21 33.71 

Megalaql.s conlyla MEC 0 p 9,551.12 ::I: 6,499.02 (26) 68.00 3Q.9$ 40.63. 
Camnxspp. CAS 0 p 37,419.27 * 8;S67.71 (26) 22.90 JS.52 16;91 

&far crummophthalmus SEC 0 p 24,666.08 :I: 7,788.74 (26) 31.58 18.76 21.62 

&rloltm nlgrift1$Clata SEN 0 p 2,930.04 :1: 1,326.0S (26) 45.26 24.41 23.90 
ParastromaJeus niger PAN 0 p 3,082.35 :I: 938.40 (26) 30A4 22.48 24.2S 

Family l.Altjanldae 

Ull}ClllU1 spp. LUS p D 5.937.00:t:3262.IS (26) S4.9S 29.58 34.17 
Family Nemipteridae 

l{emlplmlf spp. NES 0 D 52,259.46 :t: 24,04U4 (26) 46.01 14,63 
·~ Table 1 Life history strategics (LHS) (equilibrium: E, periodic: P and opportunistic: 0). enviromn~t (Envir.) (pelajc: P, 

dermersal: D). average yield (with standard deviation (SD), n •number of year), coefficient of variation "')(CV) an(! indices"') 
for absolute (U.) and relative (U,) short-term variations of fish landillJ!ll in the Gulf ofThailand (Cont.). 

d 
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Sciencetilic name/group Abbr. UIS Envir. Average yield :t:SD (n) CV u. u,. 
Family Polynemidae 

Polynemu.t spp. POS p p 952.00 ± 617.25 (26) 64.84 38.18 48.0S. 

Family Sdaenidae 

~spp. scs p D 13.041.73 :!: 9,960.03 (26) 76.37 18;99 ~-87 
Family Sphyraenlcl.e 

Sphyraena spp. SPS p p 5,116.77 ± 2,442.48 (26) 47.73 19 . .29 19;61 

Fllllllly Trlchiurldae 

Trichiurus spp. TRS p D 5,031.00 ± 2,625.42 (26) 52.18 21.72 26.36 

Fllllllly Scombridae 

Rastnlliger brachysoma RAB 0 p 100,248.27 :t IS,563.76 (26) IS.SJ U.69 12.78 

Rastnlligcr kanagurta RAK 0 p 24,914.81:t:10,51S.30(26) 42.21 24;05 23.58 

Scf)fll~cmtmenon sec p p 11,160.15 ;Ii 3.750.16 (26) 33.60 16.94 17:55 

'l1ttlnllus tonggol THT 0 p 54,678.92 :!: 23,414:88 (26) 42.82 21.06 25,03 

E"~qfflnls EUA 0 p 45,395.lS : 14,879.92 (26) 32.78 19.39 2U3 

Fllllllly Stromateldae 
Pampus argmlew PAA E p 645.77 :t: 52S.34 (26) 81.35 58.28 54.12 

Family P.tfodldae 

Pse11odutm1mt1I PSE p D 1,798.JS :t: 832.S9 (26) 46.30 21.JIS 24.70 

Family (.)nogloafdae 

~spp. CYS p D S,410.lS:t: l,696.S8(26) 31.36 15.18 16:00 

Mliedtua 
Othorfuodfish OTF 116.274.08 :!: 33,392.20 (26) 28.72 lS,48 f6.$3 

Fig. 4-Patteming of fish landings in the Gulf of Thailand (by year) using self organizing map (SOM) network. The similarity 
am()ng SOM cells was studied using llierarchic:al clustering agglomerate by Ward method to identify the cluster numl:>e(. Bold lines 
indicate separated cluslllrs. 
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Fig. S-Contribution of average yields of each fish landing in ea<;b 
regime of study aiea (i.e. the Gulf of Thailand). For detail of 
abbreviations offish landing see Table l. 
the· fluctuation in fish landings. If sufficiently long 
time . series in fish landings are available, it is 
possible tomark the fluctuation in fish landings and 
allc>w diagnosing of the present state o£ the 
fishosy111

• Twenty six (26) years offish landing data 
of 35 species/gJOups were used in this st.Udy, 
therefore, a coherent picture of the fisheries in the 
Gulf of Thailand (GoT) for over the past c.a. 30 
years could be elucidated. 

The CV is .served as an indicator of the relative 
magnitude of inter-annual fluctuations and it is 
clear 1hat the classified group A and B ~ 
showed 'an association to life-history strategies~ 
Acco~ relationship between CV and fish 
landings tlll), Group A fishes comprised of the 
equilibrium and periodic strategists. Equilibrium 
fish are always sensitive to variable fishing 
pressures and environment19

'
21 and these causes 

make them show a high magnitude of inter-annual 
fluctuations in fish landings. Meanwhile, periodic 
fish, although associated with high compensatory 
reserve, tend to show high inter-annual recruitment 
variation and cause the variation in catches19'.20. 
Group B fishes me all opportunistic lif e-bistory 
strategists. These species had low CV and exlu'bited 
relative stable fish landings because of their high 
demographic resilience and they can maintain 

viable pq>!Jlations in variOlis environmental 
condmons~;ll. For short tetm variati®t1the.lferdg0 
relative annual variation (Ut) was Significantly 
higher than the index of absolute variatiou (UJ. 
This indicated, in general, that the short-term 
variation o£ the fish landings in the GoT was 
inversely related to yield, resulting in a higher 
uncertainty when catches are low11

• 

Trend analysis of the whole fisheries in the Gulf 
o£ Thailand; from 19SO - 2004, showed a distinct 
two-phase of inciease trend landings senes. which 
is commonly found in associated , oiatine 
ecosystems where small pelagic me the most 
abundant component of landings3

• However, when 
the infomtation was refined into species/gJ01JPS, 
trends in the fish landings of individuals ~ 
diversified -· Jn this st.Udy, there ~ 
increase trends of small ~ic species, such as 
Sadinella spp., JJecaptenis .. gpp. and Cliif<icentmS 
spp. until arOund 2004, and then tlq declined. 
They then decline continuously until the Id.~ o£ 
data series, i.e. 2009. Only the landing$ of 
Stolephorus spp. maintained the increase trend. l'be 
trend of inversion of almost half of fish landing 
specieslgJOups, considered in this st.Udy, implies the 
trend of fish stocks collapsing under unsustainable 
exploitation pressurel.2:2. This could be the. alarm 
that not only the large predaton and demersal 
species have been at a high risk of 
overexploitations,23,24 but also the ~o ones. 
During 1990s, over 80"/o of the species in GoT had 
exploitation ratios greater than 0.823

, in which the 
optimum range should between o.3 and 0.SS25

• 

The development of the fisheries in GoT had 
started in the 1960s after the inttoduotion of trawl 
fisheriess.u. Then the alarm of fishing down the 
food web, i.e. depletion of large predatOry fish mid 
increasing of small herbivorous species in fish 
landing', was observed in 1980s4.l7, the periO;d of 
Regime I. and some demersal species ~ 
from the catch, e.g., Anodontostoma spp., Silago 
sihama, and Pomadasys spp.24

• This also included 
the top predator with low reproductive·potential as 
sharks211

, which its catch- per- unit- effort drastically 
declined to less than 0.1 kg.hr during-thiS periOdz.4. 
Then during 19905, it becOmes'the eia of pelQgic 
species which included Rastre/Jjger SJll>: and 
Stolephorus spp. dominating in catchei".u as 
observed in Regime II, i.e. from 1992 - 1998. It 
was also estimated that, during Regime n period, 
the total biomass of the demersal fishes in 1995 had 
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drQpped to less than 8°.4 of the 1965 estimates23
• 

1n Regime Ill. many species/groups showed the 
highest average fish landing, compared to other 
Iegimes.· It ~ not only the increases in fish 
1andingS of the pelagic species but also the 
demersal ones. These included Nemtph!rus spp., 
Priacanthus spp. and Saurlda spp., which become 
higher value stock in average fish landings, after 
their decline in Regime I period, and now 
contribute more in catches in terms of weighf>.30. 
This cause could be partially explained by the 
shifting of the target species to pelagic fish during 
1990s. However0 this could also be an illusion of 
high catches in this regime, beo(luse more than 600.41 
offish landing of many species/groups were in pre
recruitment stage. This evidence was observed both 
in the pelagic species such as Sardinella spp. R. 
brachysoma and R. kanagurta and in the demersal 
species such as Saurlda spp. and Pr/acanthus 
spp.31

•
35

• Thus, the decline of many fish landings in 
the recent years, i.e. Regime IV, could be attributed 
by the harvesting of these ~recruited fish32

• There 
~ also reported that at least 9 econom~y 
important fish juveniles bad been substantially 
caught by anchovy fisheries in 200836

• There is no 
clear explanation on the involvement of 1984- and 
1991- fish landings to Regime IV. However, in 
1984, it could be likely related to the climate, i.e. 
the El Nina, which caused disruption to the fishery 
stocks. in particular the pelagic species37

• A very 
s~ El Nina etrect was in the South China Sea in 
1983 • It caused a lessening of coastal rainfall in 
GoT, following a decline in nutrient load to the 
coast39, which consequent is lead to low levels of 
primary productivicy'7• Also, the anomalous 
circulation fields in the Go T were observed in 1984 
and could effect distribution of primary 
productivity in the gulf and then affected the fish 
stocks38. 

Coadusion 
Fisheries in the GoT are currently beyond mature 

and are in a vulnerable state. Concern should not be 
focused only to the demersal species but also the 
pelagic ones. Although the small pelagic species 
showed low variation and still maintain their level 
in fish landings, high contribution of pre-recruited 
fish in their catches indicates growth-overfishing. 
The absence of international conflicts over 
straddling ~ should tblly authorize a 
monitoring program on the illegal unreported and 

unregulated fishing, which must be more 
strengthened. Destructive fishing gears from small 
scale fisheries5 must be banned .and fisherieS refugia 
must be promoted40

• 
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The short mackerel Rastrelliger brachysoma is the major commercial importance marine fish 
in the GoT. However, the management regimes of this· fish is based on the single stock in the 
whole GoT, which somehow not suitable. This study was performed aim to identify stock
structures of R. brachysoma and growth parameters of each stock in the. GoT usingan otolith 
approach. The 55 and 240 R. brachysoma otolith sections were used to analyze the nlitro
chemical data and growth parameters, respectively. For the results, the edge otoliths micro
chemical structures from 4 sample sites (i.e. Eastern, Upper, Central, and Lower of GoT) 
were clearly separated for both sexes (MANOV A, p<0.01). The LDFA using 8 micro
chemical structures, i.e. Li:Ca, Mg:Ca, K:Ca, Mn:Ca, Ni:Ca, Cu:Ca, Sr:Ca, Ba:Ca, in edge 
zone showed high classification accuracy ofR. brachysoma to their collected locations (89 % 
for male and 79% for female). Furthermore, the LDFA results,. using mi~o-chemical 
structures of whole sagittal, also showed high classification accuracy in .both fish sex (85 for 
male and 86% for female). Meanwhile, growth parameters also showed significant 
differentiation among fish stocks. Outputs from this study showed that R.brachysoma in the 
GoT comprise 4 stock and will be led to clearly understand in biological characteristics and 
population dynamics of each stock and consequent to efficiency management Qf R 
brachysoma in the GoT. 

I. Introduction 

Short mackerel, R.astrdliger brachysoma (Bleeker, 1851), found in the central ea$ Pacific 
Ocean throughout the west central Atlantic Ocean (At Sabff and Esseen, t~). This 
schooling fish was found in water with temperature range between 20° and 30°C,. in both 
estuarine habitats and off shore areas. R. brachysoma was a high market value species and 
was support economically throughout its distribution range. In the Gulf "Of Thailand, where as 
this fish found highly abundance. This species was become to an important key fish in the 
domestic diet of the Thai people. In the GoT, R brachysoma was becOme to the main targ~ 
species before t 950s (Marine Fishery LabaratQry. 1965). In the GoT, the height volume of R. 
brachysoma catches found in 1999 with 125,175 metric ton. Compar«t; py 2012, catch 
volume of this species was decreased to 113,659 metric ton and made a total value 
132,362,131$ (Fishery statistics analysis and research group, 2013). 

Although, in the Go T, there are a number of scientific studies on life history and management 
regulations which was take action on this species first since 1950s ~ Fishery 
Laboratory, 1965, Piumsombun, 1992), but, since 1977, R. brachysoma found evidence of 
overfishing (Piumsombun, 1992) and the catch was decreased and fluQtµat«t; ov¢r fin;leafter 
1977 and made more concern in stocks status and sustain usage" level of this fish, Although, 
there are previous study results (i.e. population genetic, larva distribution and tagging
recapture studies) were showed evidences of several R. brachysoma stoeks found in The Qu1f 
(Marine Fishery Laboratory, 1965; Maila-iad et al., 2006; Srinulgray, 200$). In fact; Short 
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mackerel in the Gulf was managed focus on a single stock consideration. Previously, there· 
were several regulations such as season and area closed and prohibited sc>me kind of fishiq.g 
gears (i.e. engine boat with trawl net, surrounding net, falling and lift net and gill net) during 
Feb. 15-May 15 in only one main known spawning area (i.e. central-western. part of the 
Gulf). In 2014-2516, the DoF (Department of Fishery, Thailand) made a decision to test same 
regularities in the upper area of the Gulf during June 1- July 31 meanwhile stocks 
identification in the gulf body was still unclear. For solving this problem, study on identify 
this fish stocks were needed to confirm and rising information of short mackerel stocks in 
The Gulf: Knowledge of each individual stock is valuable ·10 efficiency management in t,his 
fish. Further benefit, this stock identification knowledge could be made clearly understand in 
population dynamics, biological characteristics and productivity rates of a species in each 
stock (Begg et al., 1999). All these were important for sustainable management of R. 
brachysoma. 

In fisheries science consideration, a numerous type of method and data have been applied to 
determined stock in marine fish populations (i.e. distribution and abundance data,, 
mo.rphometrics and meriStics, life history parameters. population geneticJ and tagging) 
(P.Wson and Jennings, 1996). Among these methods, the powerful method was used in.recent 
time is an otolith approach. Otolith micro-chemistry has been used successfully to stock 
identity (Campana et al., 2000; Ashford et al., 2008; Steer et al., 2010). A composition in 
otolith is influenced by the physical and chemical properties of the environment with a 
metabolically inert structure (Elsdon et al., 2008). That characterisiic made a timescale 
information record on life histories of fish and making it possible to retrieve·information on 
environmental conditions experienced by individual fish from hatching to capture (~ 
1999; Tanner et al, 2012; C~ et al., 2016). Meanwhile otolith structure were 
sµ.ccessfully used for growth parameter analysis (ref) because it's constancy increment 
pattern during otolith growth and that can relate with fish age and fish length (ref). 

The present study aim to resolved stock structure and growth parameter of short ~ere~ 
Rastrelliger brachysoma (Bleeker, 1851 ), in The Gulf of Thailand based on otolith 
geochemistry and otolith microstructure. Multivariate comparisons of geochemical variables 
from primodium and edge zones in otoliths and growth parameters based on otolith increment 
were used to identification of separated short mackerel stock·in·the .. gulf' of'Thaitand • 

2. Materials and methods 
2.1. Fish sampling 
Short mackerel, Rastrelliger brachysoma (Bleeker, 1851), specimens were collected in the 
GoT at four locations which were Eastern GoT (EGT: 11°46'02.62# N, 102°15'58.26" E), Upper 
GoT (UGT: 13°19'45.49# N, 100°27'17.81# E), Middle GoT (MGT: 9°34'25.43"N, 100°2l'J0.87"'E) 
and Lower GoT (LGT: 7°10'49.58" N, 101°28'40.or E) (Fig. I). Total length, body weight and 
sex of 240 individuals were record (Table 1 ). Then, the pair of otolith (i.e. sagitta) was 
extracted. Each sagitta were rinsed with water,: cleaned from adhering .tissue, dried and stored 
in plastic micro-centrifuge tubes. · 

2.2. Otolith sagitta preparation processing 
The pair of sagitta from each individual was prepared. Each was embedded in epoxy resin. A 
transverse section was taken through the mid-plane of each sagitta using a slow-speed 
diamond wheel saw continuously lubricated with Milli-Q water. Sections were polished down 
using silicon carbide paper (P2000-P2500), rinsed with Milli-Q water, until otolith 
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primodium was found. The Left sagitta used for micro-element analysis· and the right sagitta 
were kept and taken for age and. growth study. 

2.3 Otolith sectioned micro--element analysis 
The elemental of 55 left otolith sections (table l) was measured using a New Wtve 
UPI 93FX laser ablation system coupled to a Thermo X-Series II ICP-MS (ICP;.MS: 
inductively coupled plasma mass spectrometer) located at the National Oceanography Centre, 
Southampton, UK. The laser software was used to spotting points (35 µm diameter) crossing 
the primodium (larval) along the dorsal edge (adult) of the sectioned sagitta. The laser 
operating parameters, measurements procedure and elements concentration. calculation were 
follow by Longmore et al. (2010) an4 Longmore et al. (2011). Briefly, a 10 Hz piµse nuefor 
the laset ablated (i.e. ablating sagitta material) was set~ Before and after e11¢h otomtis :series 
transect, certified reference materials, the NIST 612 and 610 standards (Pearce.4' at 1997; 
Jochum and Stoll 2008), were analysed using the same laser parameters use4 for the 
sectioned otoliths. All data were intemally normalised to the 44Ca (CamDana 1999). The 
following elements were acquired: 7Li, 2"Mg, 39K, 55Mn, ~i, 6sCu, 88Sr and 137Ba. Data were 
processed using the standard sample bracketing technique. The elements cdn'Centration 
detected in the otoliths were expressed relative to the concentration of' calcium. 

2.4. Statistical analysis for stock identification 
Each element:Ca was Log (x+l) transformed in order to achieve normality and. homogeneity 
of variances. Analysis of variance (ANOV A) and Multivariate analysis of' variance, 
(MANOVA) were used to assess transformed value (element:Ca) variation among collection 
locations. Then, the principal component analysis (PCA) was used to dispJll}' the geochemical 
data of the sectioned otolith (i.e. edge zone) material to obtain the relativeimportanceofeach 
variable to the separation patterns observed. Linear discriminant function analysis (LDFA) 
was used to classify individual fish to their collection locations using geochemical values at 
sagitta edges and average values from core to edge (i.e. whole. otolith value), Classification 
accuracy of the discriminant functions was evaluated by calculating cross-~dated 
classification success using a jackknife (leave-one-out) approach. The linear discriminant 
function analysis (LDF A) was also used to tracking life history of individual fish form each 
stock. The function using sagitta geochemical structure form spot at core or primodiwn .zone 
(i.e. birth point) and along to edges (i.e. death point) zone to created each LDFAvaluelspot. 
Then, life history profile of short mackerel (individuals in each stock) was illustni.ted. using 
each WFA value /spot from birth point to death point. 

2.5Aging 
The 240 right sagitta sections (Table 1) were observed with a compound microscope at x4, 
x 10 and x40. Images were captured with a digital camera for analysis daily ring using ImageJ 
(Rasband, 1997 - 2014). Ageing based on increment thickness (Ralston and Miyamoto, 1911, 
1983; Ralston, 1976, 1985) was performed to determined age of each individual by two 
readers. 

2.6. ~tatistical analysis for age and growth 
The coefficient of variation (CV) was calculated to test precision of age reading 

between the three readers (Campana 2001) as follow: 
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CV=IOO*-----X;-· --

where, R isthe number of times each fish is aged; Xu and Xt are the fh age estimation of the j1h 
fish and the average age calculated for the j8' fish, respectively. 

The length-at-age datasets of males and females R. brachysoma were fitted. 'by non
linear least-squares to estimate the growth parameters viz., the asymptoticl~gth(Lx,),.~d the 
growth coefficient (K). Then, the growth of R. brachysoma presented by the modified von 
Bertalanffy's growth function (modified VBGF; Fabens, 1965), which is fitted the length;.at
age data to ensure that the curve passed through the known size at birth (Neer et al.,. 2005). 

Lt = L0 + (L<I) - L0)(1 - e-Kt) 

where; Lo is the size at birth, which is about 2.29 mm for R. brachysoma, (Rittitum et lid., 
2012); L, is the length at time t. The modified VBGF curves, between males and females, 
were compared by mean of likelihood ratio test, in which likelihood ratios are calculated by 
using the residual sum-of-squares and are tested against chi-square ('/) statistics ~. 
1980). Data analyses were conducted by using Program R (R Development Core Team 2016) 
and Package 'fishmethods' in Program R (Nelson, 2012) 

3. Results 
3.1 The element structures and the relative importance 
The structures of 8 elements (i.e. Li:Ca, Mg:Ca, K:Ca, Mn:Ca, Ni:Ca, Cu:Ca, Sr:Ca and 
Ba:Ca) from otolith edge zone were analyzed using ANOVA and MANOV~ For the 
ANOV A results in male samples, four elements (i.e. Li:Ca, Mn:Ca, Ni;C-a and St:Ca) showed 
significantly differentiation among collection locations meanwhile three elements (Li:Ca, 
Mn:Ca and Ni:Ca) showed differentiation among collection locations for female (table !). 
Among collection locations, for both sexes, Li:Ca value showed highest at LGT and lowest at 
UGT. Meanwhile Mn:Ca value was highest at UGT and lowest at MGT. In addition, Ni:Ca 
value was highest at UGT (for both sex) and lowest at LGT (for male) and EGT (for female). 
Especially for male, Sr:Ca value was highest at MGT and lowest at UGT. By MANOVA test. 
significant differences in the otolith edge geochemical structures were found aniong the 
collection locations in both fish sexes (table 3). Meanwhile significant differences in the 
otolith primodium geochemical structures among the collection locations also found in 
female samples but not in male samples (table 3). 
From principal component analysis (PCA) results (fig. 2), the relative importance of variables 
(i.e microelement) to the separation patterns were observed. Two variables (i.e. St:Ca and 
K:Ca) showed highly fluctuated among sites for both sexes. Li:Ca, Mg:Ca, K:Ca, Mn:Ca and 
Ni:Ca, . showed positive correlation and trend to separate UGT out of other c:ollection 
locations for male, meanwhile Cu:Ca and Ba:Ca trend to separate EGT out of other collection 
locations. Sr:Ca trend to separate EGT and MGT out of other collection location$~ For 
female, Li:Ca, Mn:Ca, Ni:Ca, and Ba:Ca trend to separate EGT out of other c0llection 
locations, meanwhile Mg:Ca, K:Ca, Cu: Ca. and Sr: Ca trend to separate MGT out of other 
collection locations. 

3.2 Stocks discrimination 
The discrimination model using geochemical structures (8 elements: Li:Ca, Mg:Ca, K:Ca, 
Mn:Ca, Ni:Ca, Cu:Ca, Sr:Ca and Ba:Ca) in edge otolith zone showed high classification 
accuracy of R. brachysoma to their collection locations. The overall c<>rrect c1fl.$sification 
accuracy of R. brachysoma to their collection locations with cross validated accuracies of 
89°/0 for male samples and 86% for female samples (table 4). Furthermore, theLDFAresults, 
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192 using micro-chemical structures of whole sagitta1, also showed high classifiCation accuracy in 
193 both fiSh sex (85%for male and 86% for female). 
194 
195 3.3 Stocks tracking 
196 The result of LDF A Tracking from core zone (i.e. birth point) to edge zone (i.e. death point) 
197 of each sectioned otolith (i.e. each individual fish) showed complexity of fish life. span in 
198 each collected locations (fig. 3). The r~lts highlighted that R. brachysom.a in each stock (i.e. 
199 Eastern, upper, middle and lower stocks) comprised individual fish from different origin of 
200 the larvae but grouped together at least last 41% (male) and.67% (female)()ftheir life ij>aa. 
201 
202 3.4 Age and growth 
203 A daily ring formation were test from the rearing larval samples of any given ages and related 
204 to the rearing days of each samples was confirmed that the daily ring was formed every day. 
205 Thus, 204 adult sagittae section samples were clear to be counted the daily ring and can be 
206 useful for aging and growth analysis. The length of 204 adult short mackerel separated by 
207 stock (i.e. cpllection location) was showed in table 1. 
208 The overall precision of the daily ring counts was high among the readers with the CV of 
209 20.55±14.300.IO. The modified VBGF was fitted to mean size of length-at-age data using 
210 nonlinear least-squares yielded k of 192.23±8.25, 206.88±18.00, 220.63±15.77 and 
211 189.64±5.67 cm for short mackerel stock in EGT, UGT, MGT and LGT respectively and the 
212 K parameters of the modified VBGF of fish stock in EGT, UGT, MGT and LGT were 
213 3.95±2.01, 2.70±1.80, 2.44±.0.99 and 4.39±2.Slyear·• respectively (table 5). The mOdified 
214 VBGF offish stock was showed in fig. 4 . 
. 215 The 0'-values of each stock was showed in table 5. The results from likelihooo ratio test 
216 Showed that there was statistical different in overall models and.in terms.ofK and.Le am()ng 
217 4 model (table 6). 
218 
219 Discussion 
220 Otolith geochemical signatures are used in a wide variety of studies in marine ecology and 
221 fisheries science (Campana, 1999). Concentrations microchemistries of otolith ·core 
222 (primodium) zone have been applied to determine the origin of marine fiSh (Engsttdt et al., 
223 20 l 0) meanwhile concentrations microchemistries of otolith edge have been applied to 
224 classifiCation of marine fish (Tanner et al., 2012). In this study, Both ANOVA and 
225 MANOVA results also Showed the differentiation in concentrations of otolith edge 
226 microchemistry between collecting sites. The environmental and anthropo~c physiologies 
227 were found the main effect (Tanner et al., 2012). The result can be related to distinct 
228 physiochemical properties of the ocean water in the habitats (i.e. collection locati()n) 
229 occupied by individuals of R brachysoma during the different life history stages (Tanner et 
230 al., 2-012) or reflecting physiological change occurring during ontogeny or variability in 
231 feeding habits and diet of the different life history stage (Tanner et al., 2012; Stum:J~k et al. 
232 2015}. 
233 
234 The PCA and LDF A result also suggests· the useful of otolith edge microchemistry to: apply 
235 used for identify the stocks of R brachysoma. All fish gender dataset were classified with 
236 high accuracy to their collection locations suggest that at least 4 stocks of R. brachysoma in 
237 the GoT. However, The minimal error rate (i.e. 11% for male and 14 % for female) were 
238 found, that can be explained by reasonable reason (Tanner et al., 2012) that individuals 
239 moved to the collecting sites shortly prior to capture and that the residence time was not 
240 sufficient to acquire the site-specific signatures. Alternatively, these errors may· simply reflect 
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241 the fa.ct that environmental conditions at the two locations were not sufficiently distinct to 
242 generate ubi.que geochemical values in fish otolith <If>. 
243 
244 Altbough main spawning area of .R. brachysoma was reporte<l locate<I in nli~dle gtM .. of 
245 Thailand (MGT) (Chamchang, 1991; Maila-iad et al., 2006; Saitakon et al, 2006}, this.study 
246 showed stock tracking from core-to-edge can identified variety of life history pattern of each 
247 stock in the GoT and showed a high exchange rate of larva sources between all collection 
248 sites. The larva dispersal pattern agree with the another reports (Sojisupom et at, 2010). In 
249 the Gulf, Spawning season of short mackerel was reported in MOT during April-May 
250 {Chamchang, 1991; Maila-iad et al.,2006; Saitakon et al, 2006) and assumes that there was 
251 same period in other spawning ground (for example, in Cambodia cost spawning ground). R-
252 bt<icllysoma spawning ground was report in cost of Cambodia (Putby and ~ 
253 2007; Ing, 2007; Matsui, 1970). In addition, the 1959 to 1961 Naga Expedition collected 100 
254 to 1,000 larvae per l,000m3 just off Koh Rong, Cambodia (Matsui, 1970). The cycles of sea 
255 water current in the OoT also resulting lava dispersal (Singkran, 2014; Sojisupom et al., 
256 2010). During this period, there are many strong and complexity cycles of sea water currents 
257 across the Gulf The confuse direction of many currents cycle in the gulf pass through the 
258 Gulf body (Sjngkran. 2014; Sojisupom et al., 2010) and probably transported young and 
259 juvenile fish from various spawning sources exchange to area along their passed (Soj~ 
260 et al., 2010). 
261 
262 Difficulty aging of tropical fish for the past caused by a lack of patterns in the marginal 
263 increments of the otolith annual ring, with indicated that the checks could· not be validated as 
264 corresponding to annuli (Srinoparatwatana, 2009). However, in the present time, with 
265 advance techniques, daily ring can be an option and are readable after papered the thin, clear 
266 and transparent section otolith (Jutagate et al., 2013). In this study, daily ring were obviously 
267 observed. from the larval samples of any given ages and equal to the rearing days of e$Ch 
268 samples. This was. confirmed that the daily ring was. formed every day .. From otolith section, 
269 daily ring can be read using the imageJ program @aband. 1997 - 201'4) coµpled w,i!h the 
270 ageing method based on increment thickness (Ralston and Miyamoto, 1981, 198!; Ralston, 
271 1976, 1985). The results from growth analysis showed the growth parameters, in term of K 
272 and L..:, of R bracllysoma were significantly difference (p<0.05) among 4 stocks (i.e. BOT, 
273 UOT, MOT and LOT stock). 
274 Outputs from this study will clear identification stock of short mackerel to 4 stocks. The 
275 aging and growth output in each stock can be led to clearly understand in biological 
276 characteristics and population dynamics of each stock and consequent to .effi:Ciency 
277 management of R. bracllysgma in the GoT. There are also valuables for comb-JUU 
278 fisheries in the GoT. Outputs were also usefully for accuracy MSY and optimum sustainable 
279 yield estimation of each R. brachysoma stock in the OoT. However, further study need to. 
280 focus on population genetic study in this fish and each sex should be analysis separately. So 
281 if analyzing on mitochondrial DNA expects population differences but if analyi:ing general 
282 alleles or Y -chromosome data expect limited to no population differences. For management 
283 assumption, prediction of "share" or "separate" spawning ground can be. investig- by 
284 analysis the variances of primodium microchemistry from female, with catch. from spawning 
285 ground at spawning time. 
286 
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_, .,,,,. 417 Table 1 
418 Collection location, sex, mean and standard deviation (SD) of fish total length {TL) in mm 
419 and sample size (n) of Rastrelltger brachysoma. 
420 

Otolith microStructure Otolith microcheniistty 
Collection location Sex analysis analysis 

(abbreviation) TL{ mm} n TL(mm} n 
Mean SD Mean SD 

Eastern GoT (EGT) male 171 9 30 167 12 7 
female 175 22 30 185 3 9 

Upper .GoT (UGT) male 178 14 30 151 14 7 
female 179 7 30 185 8 8 

Middle GoT (MGT) male 186 15 30 175 6 6 
female 186 14 30 187 2 6 

Lower GoT (LGT) male 188 15 30 181 7 6 
female 184 7 30 184 4 6 

Total 240 55 
421 
422 
423 
424 
425 
426 
427 
428 

429 
430 Table 2 Mean untransformed concentrations and standard deviations (SD) of trace elements ratioed to Ca (umol element•mor' Ca) per sample 
431 location used in analysis 
432 
.--~.-:-..-.-~-..~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--, 

K/Ca MWCa NUCa Cu/Ca 
E<1f 334..3.5+117.07 9.94+2.88 s.oo+o.49 l.43-+0.6S ,,., UGT 

..,/ MGT 
I.Gt 

295.48+66.28 - 10.47+S.28• S.60<1.07• 1.72+0.51_ 
331.79+96.41- 7;29+3.70- S.43-+-0.99• 1.47+0.24_ 
264.76+91.76- 11.74+5.38· 4.47+1.06_ 3.18+4.39 

433 

Ktca Mn/Ca. Ni/Ca Cu/Ca Sr/Ca 
EGT 28S.42+ 1s2.82 • 6.2.5+2.97 4.S8+1.IO 0.76-+-0.17'" 3 469.62t967.!16. 
UGT 2S9.82+80.s4• 19.3o+7.69· S.23+1.0S' l.16-+-0.27 2,677.14+263.26 
MOT 232.IC>t-84.22 S.88+3.90 4.91+0.78 1.16-+-0.27 3,713.17+1005.83 
LOT 202.6.5+70.40- 7.3S+4.92 3.93+0.42 2.04+2.14• 3 077.39+SS6.24 

434 

KICa Mn/Ca N'l/Ca Cu/Ca Sr/Ca 
216.02+61.s9• 6.93+2.99 4.46+0.SS 1.48+0.43_ 2 8S6.96+007.26-
222.42+77.27 14.47+2.79 S.23+0.67 1.88+1.19 2 S62.08+404.76 
2S9.98+S6.0S S.S6+3.34 4.20+0.67 l.S6+0.S4 3 079.72+633.06 
298.31+127.22'" 12.44+3.54. 4.43+o.77 1.73+1.03'" 2 941.72+ 35'.47'" 

K/Ca MnlCa. NUCa Cu/Ca 
EQT 201.89+88.12 3.87+3.77 4.08+0.70 l.l~.48 
UGT 1S8.lo+l32.93'" 10.84t0.73. S.66+0.68' 1.47+1.25 
MGT ll9.so+67.o7- 3.S7+4.28 4.39+0.90. 1.10+0.38_ 
I.Gt 17S.21+82.7s• 8.88+4.2S' 4.30+0.94 l.7o+l.09'" 

436 
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437 Table3 
438 Results of MANOV A exarrurung vanat1on of geochemical signatunis in the otdlith 
439 primodium and edge of Rastrelliger brachysoma among the collection ldcations in the GoT, 
440 

441 
442 
443 Table.4 

df 

Primodium (male) 
Primodium (female) 
Edge (male) 
Edge (female) 

MANOVA 
F 

1.12 
2.59 
4.93 
2.54 

0.37 
<0.01 
<0.01 
<0.01 

444 Cross-validated classification results of discriminant function analysis df Rastrelliger 
445 brachysoma collected in the GoT. Individuals were classified to a collection locatiop ~. 
446 on the geochemical signature of the otolith edge material (A) and the whole otolith (B). 
447 Values in bold represent individuals correctly classified to their collection location. 
448 

449 
450 

Eastern GoT (EGT) 
Upper GoT (UGT) 
Middle GoT (MGT) 
Lower GoT GT) 

Eastern GoT (EGT) 
Upper GoT (UGT) 
Middle GoT (MGI) 
LowerGoT 

451 Tables 

100 0 
0 100 
33 0 
17 0 

B: the 

452 Growth parameters and mortality rate of 4 socks Rastrelliger brachysoma in the GoT. Tl = total 
453 length, K =growth coefficient, k = asymptotic length, SD =standard deviation. 
454 

455 
456 
457 
458 

Stocks 

Eastern GoT (EGT) 
Upper GoT (UGT) 
Middle GoT (MGT) 
LowerGoT (LGT) 

Average size 
Tl+SD 

178.33+14.10 
180.67+18.96 
182.60+15.42 
181.80+ 7 .059 

n KVyr)±SD k(mm)±SD 

60 3.95+2.01 192.23±8.25 
60 2.70+1.80 206.88+ 18.00 
60 2.44+0.99 220.63±15.77 
60 4.39±2.81 189.64+5.67 

-· S.16 
5.06 
5.08 
5.20 
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459 Table& 
460 The results from likelihood ratio test 
461 

Tested stocks 

Eastern GoT (EGT) vs Upper GoT (UGT) 
Eastern GoT (EGT) vs Middle GoT (MGT) 
EastemGoT (EGT) vs l.Ower GoT (LGT) 
Uooer GoT (UGT) vs Middle GoT (MGT) 
Upper GoT (UGT) vs l.Ower GoT (LGT) 
Middle GoT (MGT) vs Lower GoT (LGT) 

462 
463 
464 
465 
466 

K 
xz p 

188.65 <0.01 
227.83 <0.01 
36.28 <0.01 
57.45 <0.01 
117.52 <0.01 
237.48 <0.01 
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L.c Overall 
x• p x' p 

165.50 <0.01 130.85 <0.0l 
215.05 <0.01 87:47 <0.01 
35;28 <0.01 31.28 <0;01 
82.27 <0.01 53.S~ <o:o~ 

104.82 <0.01 31.98 <0.01 
110.20 <0.01 74.97 <0.01 
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