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Abstract

The Kikuchi minnow (Aphyocypris Kikuchii) is an endemic species distributed
in eastern Taiwan. Recent years of anthropogenic exploitation, habitat destruction, and
competition with alien species have resulted in population decline of the fish and it is
now facing the probability of extinction. This study examined the reproductive
biology of the Kikuchi minnow and focused on oocyte development, maturity stage
observation of ovaries, fecundity, and reproductive seasons. Six hundred and seventy
three individuals, 332 females and 341 males, were collected from January to
December, 2011. Observations from ovarian tissue sections showed six stages of
oocyte development : the early cortical alveoli stage (CA1), late cortical alveoli stage
(CA2), primary yolk stage (YF1), secondary yolk stage (YF2), and tertiary yolk
stage (YF3). No observation of the maturation stage was found. The ratio of the
number of YF3 eggs to the total number of eggs in the ovaries of highly mature
individuals was highest in November (80 %) and lowest in December (7 %). Among
the results, percentages of highly mature individuals were higher than 36 % in all
months except December. Judging by appearance, ovarian development can be
divided into 4 stages : immature stage, early maturing stage, late maturing stage, and
matured stage. Not including the immature stage, the gonadosomatic index (GSI) and
the mean ratio of the number of YF3 eggs to the total number of eggs in the 3
remaining stages were 5.97, 13.58, and 24.43 and 14.41 %, 43.56 %, and 54.59 % ,
respectively. No significant difference of egg density was found between the left and
right lobes, and the upper, middle, and lower sections of the ovaries. Furthermore,
frequency distributions of the oocyte size, showed uniform development in the ovary.
Results of monthly oocyte diameter showed that egg size can be divided into two

groups : one with oocyte diameter ranging from 0.1 to 0.3 mm, and the other ranging
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from 0.7 to 0.8 mm. Through development stages of the ovary, oocyte size-frequency,
and monthly variations of GSI and condition factor (CF), the Kikuchi minnow is
capable of spawning year round, and the main reproduction season is from January to
November. With a variety of different developmental stages of oocytes in the ovary,
ovarian development of the fish is asynchronous with multiple spawning. Total
fecundity, fecundity, and batch fecundity in the ovary of mature females ranged from

2,727 to 24,035, 1,595 to 15,130, and 781 to 11,664.

Keywords : Kikuchi minnow, Reproductive biology, Tissue section, Fecundity,

Gonadosomatic Index
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2008) - ¥ & (2008) Atk A FIRIFER A BT M LB 2 H T B &
Bl i N s B el e A BB T P B B8 e e e R

oo N FRFENE ik Ao o

T A R @ (Aphyocypris kikuchii) YA F 4 % (Osteichthyes) ~ @ 25 P
(Cypriniformes) ~ g 4% (Cobitidae) ~ #& % 4 & 4% (Danioninae) ~ m #
(Aphyocypris) &% 545 %2+ ~ & w5 i (7L 19935 Bifosk 2005) -

o S EHCREREY 5 3T ST A § ey AR (e

= 2000) °

F TS AN T o f 2N kR B

b

$ow (E8E 2009) o H 2R3
g‘ﬂﬁmi)%' %] » “,f TAKERAERS s XSS IN R2 R A FEY g
5 v i (Opsariichthys pachycephalus) 2 8 (Hemiculter leucisculus) & 4
B @ piT 0 B 4 f % = (ecological niche) ¥ F ¢ X wmiE fp o H 3
B Bpg Fa g A AT s FHL O RRB S VeprEEERE R (Mo
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% 2 ;238 {7 (Smith and Walker 2004) o &|4v > 328 4. (Danio rerio) F1 % F 4p ¥ #ix
LR RN IS 26 CTT 72 FEIE L S H 9z 2535 moE A BRZ Y Kig (

Br) FRFELASEET AR 2 BB F P H e B A g
FAPR 2 B Oh L A e il T 25 B4R 0 ¢ EmAm 7 (Ozlem and
Sema 2007) < 3 7 M EFPM AA A REAA LA F R ARERE
(Maccullochella peelii peelii) # % * & 4 » £43% 4 AW L35 5dp8 0 o975
K (condition factor, CF) ~ *+ %84y #ic (hepatosomatic index) ~ P % "y ¥ 4p ¥
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ik (testosterone) ~ % P2 e A PR B TV E S G RFAT > BEA mil £
Y 1, %

Bz FE 8 TR R TR A R A T K% (Dane et al. 2007) ©
RGAAIPF2E BN PR FELTRTR AR ER e

& [heng 2 ¢ 32 (Elton and Favaro 2011) « = %% 2 @& (Thunnus orientalis) 2
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k& % 7 {ri® v # % ¢hE 12 (Elton and Favaro 2011) = 4 * %8 & R4 B % - & &
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B if 1 * (optimum utilization) (Shafiei et al. 2010) °

AARA AR Y 0 G B s A FE {eda kB M % (Elton and
Favaro 2011) - & fig/& 7 f2A F g 4gcn2 A4 18 > 2 R 44 P 3L B o or £ 33 8
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FRGECE S S WA VI NS L IE AL N AR TR Rl A B el S S
Wil o 5 R Aq]7 ch ik (West 1990) « & (1998) 4 335 » BedhbEoss 77

e PP AR I F TR eP?h 2005 AR A 0 G P 0BT bR -

S PEAHERDPHACT B RAOAFLE T 2 R F R o Clark
(1934) 417 @A R AT 26 597 hene L ETHERLAE - f0
oA i ot 0 T LA F A A AT A P e R MR T A
TR =4E (3%5 1999 5 West 1990 ; Wallace and Selman 1981) :

(- ) P35 A (synchronous)

A PR lmir — 2 ASa s Wl g £ G D PR R A - NP A §7}a“
AR e > R A P T o Gldes P A P e
(Oncorhynchus) % i@ & “F ehfg 4. (Anguillidae) -

(=) “P# %% % 3] (group synchronous)
PEYEICG A B RFETED T mre > A E A F L

Al o Bk PEE 2 P A E W KR PRI > AP e l/}lj-l'lr"?‘,\ik



(Mylopharyngodon  piceus) ~ ¥ & (Ctenopharyngodon idella) ~ # A
(Hypophthalmichthys molitrix) ~ @ 4. (Aristichthys nobilis) * & % -
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PEP ZF A RF TP AR e o LG AR P E R AR P
o H BT E R e AFATAFEREDEPES Y €38
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v e Ak Ay
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PIRAEE - PHEZRF GREA T FaRKPH TS 2TAER TR R
R R ) = TR W N M O E RN A T RE S R R
AARRIFBI S on SH LI I F AR E PR E L TRRT > G AP O
o g ARERAFRE > A4 T BB LSBT AE (Mo 2002)
ARAFHRES S ELED SRS S A 0 AR SR PR E R

w4 )gh » FpL oo 34 B L :" #’34 %ﬁ ("5 ‘f\f'l’ﬁ 2002)

bR AR L 0 T AP AR RN R PR R (R

2005) 1 (=) KB EFH o & P L LRI K2R 0§ TS ek A4

TR 2 GER LRI (D) SR L G L LR E o gk
G2 B ESBRIEEINE o (2) P S AME R S HEY L0k E ok
EA R e SRR AR s T pggﬁﬁqﬁ o ~ At Ay Iy R E B

FA PP TR R LA NA FRES T EREE T o gt de o L
o A2 T K E SRRk BE R IR R L R EF L E A RIDALEAD
BA R Aok A 2 TR BenY & LR ST R fd 20 5
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-k & #F (Lin et al. 2008) -
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GRE - PR g SRR GSIFE R AT F 38 kg

Fw N A s R g R L BRE P B KR o Ak
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Py

FE (2010) &g » Nt 1B L mAT Y F IR R N mErenir Lt
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3 ok D OS%FH RS S~ # R 100 %A R E 2 A4

g’v

4~ #HP I EE xylene3 X 0 & 10 44 -
(~) #%% (mounting) : % & 2 *» P& Figis > 3t 5 % Entellan (Merck) &

FH T

T~ PR e T Hp

b3t A% A b AR PR mre (oocyte) 2 F AR R ehd £ E 5
(Tyler and Sumpter, 1996) » F]y* & % < % & Smith and Walker (2004) ~ Ozlem and
Sema (2007) ~ Kathiravelu et al. (2003) % Tyler and Sumpter (1996) % 2_ 4 g %
Rl > frimie 4 Lig4eiR B~ 5 ¢ % =4 (peri-nucleolar stage, Pn) ~ % & & ;& % &
(early cortical alveoli stage, CAl) ~ % & % /¢ {5 ¥ (late cortical alveoli stage,

CA2) ~ 4" k¥ (primary yolk stage, YF1) » =t 7§ 2% #} (secondary yolk
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stage, YF2)~ % = % “P§ 3k #p (tertiary yolk stage, YF3) ~ = 34 #f (maturation stage)

Eop o B R PdeT

(=)

)

Iy

(

)

fu

(

% =% (Pn)

P dmie 2L Bl ~ B O2RBIIGR > e ;ﬁrﬁr'b v F - B BlAp Rk
e o 2 - BRAHBAEDP oG EmEREPE N RS BRAY
(Mayer's hematoxylin) § {% 5 h 3 4o 4 » frim % F I & & v} & {2
(basophilic)

3k fie w8 (CAl)

Biei 3% 52 arAN A ¥ d e Mitme e > L FIRE
B EEREH S EER A Ry BRARS R PR
3 V‘%’ 4+ (eosinophilic) ~ #c P 7= PF BE 3 v o

# & ®ietsd (CA2)

e R4 e 12 00 o BB ST ERE R e 0 2 e

R P o AR AR R AR AR o

(z) 4% k8 (YFI)

(1)

(=)

e TR BT ke P _F};v—gﬁr;'r_}_;; CRCEIARN -5 S =R LR U
W ehi & B r g ok kP moe ’Ffr"‘ QU324 P&k pP {508
THEBERPOTLN G

e f sk (YF2)

PF IR AR G P B B P B4 d S (B3 23 L4 iE
BB~ e o P pERE A R BRI i T e PeniR Br ] AT
W oo A PRI AR o Rk e g e

%z mrf ki (YF3)

SF TR 1k 4h e @2/3 VRS ’g"‘%’ et gk ﬁﬁﬁﬁ Ex < B F
PILARRH A PE RSB I P e b 4 L P K2 B
# e
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(=) = 3 ¥ (maturation stage)
‘m¥e 1% /L$> 4 & (animalpole) H & > TR H R 2EE B E F - < TR R

_igl":‘;mlqé’ ’ _{?%#& P o

I~ AaESEE

(-) 2 3_5_9!?\:};1%: (GSI): * *r {78 & ”ﬁl’}‘ TAER e A M £ TR A ’ﬁ{r%@%ﬁ"i

RFens et &) (% 1998) o

4 bR ;]1@”-
LR CEW N

GSI = x100%

(Z) in A (CF)* 3B B AR R RARR 4 AR Rfomi i & btk (%

1998) -
1]
cF="Z 100
LS

fu

() % er#c (total fecundity, TF): %4 # 2 & (1976) 2 {7/ » p P L §¥ ¢ K

P 0.05g £ K0 35 240 g FHERTLEE A f

TF=0.05g¢ “FH. ¢ 2. ﬁpgtx_ S (g)

05(g)

(x) % % (F): A4 5 4 * Hunter et al. (1985) % Lee et al. (2005) *74 412 &

I

o BB u- ] H (0.05g) PE B B TR S YL 2

i s R el B AR R T

riE e (g)

F=0.05g&£ “rH.¢ > YFI8 11} 2 “P#cx
s 0.05(g)

13



() A “r#c (batch fecundity, BF) : i& Hunter et al. (1985) shfy it ® » B =x & “Pen

FEZAEG A - 5 PIEHE R (oocyte size frequency method) 3t
BB R % -k #rix (hydrated oocyte method) : 3+ & #75 -k &

Fod AT it.ﬁi.?ﬁ‘iﬁfﬁ%" AFIHe EPHED ‘ﬁpiﬁiﬁwﬁ 2 HE4
BEREIEF Grkerdh h > FIph g ® PSR 2 > L1y _35_?1%\2§ﬁ,?1§’~6P,3WPé
F 2R FaER R RIFE S YF3 PR 5 0.5 mm s itk s RIFE 2

“Plmie fic o H AR5 G

i 7 (g)

BF=0.05g & “P3i. @ » YF3# 12 F 2 P
: 0.05(g)

AN PR VERAT

¥ Clark (1934) 152 > BoB& 7 B 342 6 B¥p g » €8 258 & 10 %455
o 2 fr > FBL P Y B2 e 1003 0 el B B AACER R Y L

BES LSBT R I BUE ) TR AT E o

=~ BERE

R

R FF g e S IR AR PIRE T SRR T (% 1998) 0 A A
kBTG T R P A F R RTTEF R TER RS 2L TR

B(C)2ad ()

A s AN

Ao R Sk v g (linear regression) A 148 R AR E Mk 2 e it ad £ AY
EM %o BFF %2 447 (two way analysis of variance) & T 7 & &0 iz m 2
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Pime e AFFHEFAR o2 0.05mm SRR R APITAT R A B o #-L T
B FF W u it B> gt d 2 GSI 2 CF 12 Spearman iE 7 4p B 0% s

17 o b itz X3t e 45 0 ¥ 2 Microsoft Office Excel 2003 2 SPSS (ver. 12.0) % ##%

25 2
AL~ Wl

e o
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i
3
*n

»

22
&

',

SHEN

bl

-~ ,}g

Foo g gAY g 2 E 430 4830-10120mm B (3 1)~ Rzt
70 - 75 mm (B 3) > 224 2 £ 4% 47.98-96.84mm B > FHciz*t 70 - 75 mm ;
AR E 40 095-15.17g 2 B> RBci 3 5-6g (B 4); 24 ME 420091 -
10.80g 2 B » it 5-6go rpsen] 2 E B HME 2 B %5407 (B 5)
P4 0 BW=23.63 TL**" (n =332, r*=0.90, p<0.001, SE = 0.12)

4 BW=7.12TL*" (n=341, r’= 0.87, p<0.001, SE = 0.10)

-~ 2EWAEK

F N mivpd gk 2 GSIP R £3.32-42.50 2 FF 0 & 7 6> GSI T 354 )
1259 - 279 B> 2 EMAE- TokT (B 6) »RMEL 12 7 (12.59) (=
1.83)>4-11 " 35420% M+ > B P w1 279(x0.85) 558 ®E -GSl %&
B FF5 YD MEL LI - FHE FFH= Y 91709 (= 1.3) 277
27.69 (£1.02); & Fj % 21(£0.69) F|~ 2 26.72(£1.22) 5§ A Feng ik B
h 26% M b FeE 4 P 23.73 (£2.06) Bl - 7 2411 (£2.06); ¥ T L -2

RIS 3 Bo] 12,59 (+ 1.83)

g o mpree gtk 2 GSLF R B 1.42-7 2 0 & 0 (> T35 5 & 3.07
385 2 EBE3% T o RFELE P 385(£0.22) B KE L~ 1 3.07(x
0.32) 0 22§ min. GSI P+ Guepdtalr o RESPR S LRy
AR FRAZFTAFLRF AR o pfihr ~ T 0 &4 0 - 4R

} R ENR
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= wER

Foo i d A2 CF#F 1 084-263 2/ » 21 i» CF X354 F A
1.18-1.54F (B 7)r & ™MiEs L= 1.18(£0.02) %8 & 57 * 1.54(£0.03)°
CFEGSIFHREZEMEL - FFpd MEAI AT -FHE F- 1 -0
Ed B3I MoFFH =" h1.21(20.03) 277 1.54(x003); % T 7 1.34(
0.01) |~ % 1.37(+0.03); # F &4 * 1.41(£0.03) ] - 7 1.44(x0.02); *

FLo R D A E 118 (0.02)

o imire gtk CF#EB 057 - 1522 %> 20 (T fh
1.06-127 > &5 =1 1.06(0.03)» % &5 - ¢ 1.27 (x0.04) - CF £ GSI
PHREIFSERE TP MEAL A2 - FREE- 0 20 rehEd F
3o HEK N 1.27(x0.04) 270 1.14(£0.05); § Ej 0 1.09 (£0.01)
FIN T 126(x0.02); #FE 4 P 1.16(£0.01) F]+-- * 1.15(£0.01); * £+ =

TRIYE D 111 (x20.01)

T~ & §erpiicprorm LA F

P IR PHCIL (R 2) BEETFF RS AR T MRA TR 2
B R orp sl r 2d pNeFaNEil 2 pBHFETLR
(% 3) kP o d PR BINEPIE 2 HFR A T RIEET 0 F EMEA RN
PIEAE R S s - R (B 8) e SFE N P &% {8 s N imE¥r i p 3 3R
2z HiE PR s AR 20 F %Y M- EBRLRIPEY B2 PR G

KA

B B e st e T 2 BRI i o

|
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= #p

P imie T P

o Nt g T 2 R AR o e here L K EARR A A LR

cER BT AR BESY cA R E Y s PR ¥ = &

TP ES o HHPF TS BT

(=)

)

I

(

)

fu

(

()

¥ =4 (Pn)

v R 2R EHA D 2P R i e (B 9)c e pEE) e e
%% 0.03-0.14 mm

& Fie w8 (CAl)

oy RN kR nypr o o die s F e oIt o Tk
Y- Bl 2 FRER e FM2-3F 2 R FIREA] mE PR AR
o

BRI gk e g 4 0.12-0.28 mm o

Bl 2 Eeddd BRed o Picln PAH Y (B 10) - B

3K Fieis 8 (CA2)
FreRERr AE R agie kB REL o R - Tt
PR BARIT P cnY SR SEF PR K f e B P B e B e
FROIRESRA DR LI ARERDwEFT (B 11) o &pEd
“Pa fP T 8 5 0.22-0.35 mm o

A2 P Tk ¥ (YF1)

B RED s g A LR Rie il L e TR R
felbeip ¢ PRI Mo folv Rl o 2 AP RRE SRR B
fnde BTO1/3 0T o e e BR L BATE (B 12) o impFEEpenfrp frT ) G
0.30 - 0.36 mm -

=P F kY (YF2)

YRR s iR PR ka g r ey > rE N

boo bR B2/3 00T 0 A RRMELY gk o ¥ fwre g AT ik ant BB 4

19



Rl ERARLwef? sBE (B 13) @R R 5 030 -
0.43 mm -
(=) %= &F k¥ (YF3)
RGP BT %2 s kI e S B R R SR e e R
W AL R dp e 23 00 b NEF PR A D D BT A B
R RIE BT R 2B PSR R A e P B A Yo

BEeo LA PR (B 14) o B P fr e 4 5 0.50 - 0.86 mm -

> PREA SR Y B

B BRFREZAMITRAY FRIPA 2 E DT T ARG
YE3» @ by enfrimiz f AFT 7 cn>x E R AP 25 F R F A7 0 YF3 B
igcer b 2P gt G2 F (51 -100 %) #i (0-50 %) (FE P RS R
B2 2 (B 15 - AL aslsr 3R BHAL - ? ok T &g 5 (80
%) 20 E (T14%) e BF ok o R IL B § SR BT

ke K A 36 % o

SN tE2 VHRAT

hE B PEAERA Y (B 16)0 G B EI R Atk PR A F A 5
3 RS $ - HOPRBEPELILAF A0-05mm KB A 0.1-03mm: FiE
HRHRESE LR CHPINBPE Ry 5o FrpFPEILF £05-1.0mm &
B9 07-08mm > HEEFE LA S REROZBTERY - AL HY AR

PRFE SYAPIT 0 S 0 - R AR
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A~ ﬁ_ﬁp&; é_ﬁp&

AT LT HE kgt R el A el H A ez Bk 2 £ S 54.83
-101.17 mm > 48 € 5 1.87-15.17 g > GSI % 12.41 -42.50 > 3 & & g 82 &P ik
% 2,727 -24,035 > & P #c ) 1,595 - 15,130 .2 & > & P acp] & 781 - 11,664 -
2o R éei (F)~ A%k (BF) 2248 & (BL) 2 Bf 3% 40 :

TF =0.0020 BL*** (* =0.58 > p<0.001 > n="72) (§] 18 A)

F =0.0052 BL>**(* = 0.63 > p<0.001 > n="72) (® 18 B)

BF = 0.00046 BL*>** (* = 0.59 > p<0.001 > n="72) (& 18 C)

v (F)~ A% ¥ (BF) 288 ¢ (BW) 2 B 35840
TF = 1652 BW’” (*=0.62 > p<0.001 > n="72) (B 19 A)
F=971.19 BW" (Y =0.72 > p<0.001 > n="72) (® 19 B)

BF =426.83 BW'”! (*=0.73 > p<0.001 > n=72) (% 19 C)

i rEdmaET

oK mpnd ;ﬁ_n;j{ﬂﬁs dEA N R fkEs s LA ARS
Rlovpitd AT H > A BRI EP &l o @3 LRI LY
CETHRECR] PHLL T 35”]1 e A A &
§oo RV LR AR S mE gk (B 1) o AT R R 2
A dmie e~ GST{r P KB T W2 I A BRETHT RA L ANH
¥p (Immature stage) ~ = 3 % ¥ (Early maturing stage) ~ = # 8L (Late maturing
stage) 2 % 3\ ¥ (Matured stage) & w BFFE (B 19): & FFEC 9P & 2. ¢F IR e

it e
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(=)
(=)
(=)
()

o RE LA R R RESG s R ARENAPE 4 R
VRIS -k SRt

OF R

Bk SRR L 0 9 R 13- /4 P 12 00 b Ak
PRGN T U RBEI ) R d P 3 PR P RR G
Figise B oGS 421-717 2 F > T35 597 YF3 2 Pimiz )k >
FReP e 1.92-25.71 % » T35 43.56 % o

= i 5L )

FPOR P LA > QLR 2-130 PR 13 REPRRK S A
PRAFEG L F R R PR FEFLHEAP N E I SRS
12594« GSI %) % 8.51-17.74 2. B » T2 % 13.58» YF3 2 P fm®e 4 § 2
NP H9.25-90.9% > T35 14.41 % o

= 3L

PRARWA > BT L RERE PR ARORTE N LB R S
Ao PR IR S A PE S ERITROPRER G 8 g rRE o SR
ARG Pt o GST K & 11.49-42.50 22 FF » L3535 24.43 5 YF3

Z %P lmPie K] b »INPH21.42-9428 % > L I25 54.59 % o

BRAR

\Fh
s

b
%

2011 #1732 127 2B R WY 7 g d o RS
PEME 164 CEE YA I AN B F28T7TCie 4" PERBLTEL Lo

1I89C 2P 4311 "HA20CHY cdEHF 51— »517.5mm:> &KX

-0 181°C H¥ AT L= (354 120mm 2t (F 20)



#B R A §ervpae b 2. GSI 2 CF 12 Spearman correlation & 17 4p B % #ic
A SR AE A GSL R R (r=0.659p=0.020~n=12) } ¥ taH -

L2 F REEAPM v b CFicze g GSI 7 frar BB R R F4M (£ 5
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PR ¥ Py
< 5 B b

= ,f:\TJ Eé’ t{_

Y F T A
1999) » 7 —

YR LA FFEPAE T FEF S Y 45
A P et s 4 i

SR AP AAEY K B
al.1985) « & hFFE P o f ARk g2
T P R e

LL

LR A A PR (F
39T OE Y IR P e (Hunter ef
PP E OUERTPEE G A AT R
LSS T SCRIE T SEAEE LI s S
TEPFHY S B FY o P wr e RS (B
16) B ¢ Nl E TV 50 § S AT G
L A PRE A e
AR A

FIkY -
LG o #
TP

H # P
A

g

Yzt
w7

Z 5797 A4 (Sardinops sagax)
4 % & % (Clark 1934) -
SRS T Aol R b
R AEHm S SR A P2

P Al
’ i Kot gl

r'/%ég‘#rq( Aok Age o \;/%ii
AEH TR PEP TG 7 P R e
R N0

2

F_*

% 19955
P s Rkt P §4 R

6% 1998 5 Mt 2004)
FRAY i B V2B L IR AR

FrEDIEY TA Ao - AT FIERT £ I fpERB g R FFL PN

EEER A AL RN (F 1999 AAFL Y o B

PR o BIRERRZPRE me L h = P IR o A

i BRI GO A

A ¥ . Smith and Walker

(2004) ~ Ozlem and Sema (2007) ~ Kathiravelu et al. (2003) ~ Tyler and Sumpter (1996)
Lot g ik ch P PR dme o

% Htun-Han (1978) %
Sferruginea) # 7 ¢ > A PF i A - B
fme ik A4S g 2L

mordax) £H3F 2, ¢

P
1
P

E # (Limanda
AR Pl R SRE G AR PR
Hunter and Macewice (1985)
ORI R RN SRR
AT RBFIG A S e B he s
JoomR

# > #2_ (Engraulis
S B A e 24 LB o BRIX
el

b 6P+ﬂ#k AL SV Rt q’\\'—'»{é' S £

Y

A AP R IR
FoHp A s

CREVET LI -2 RN IR S
25
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e % zl};}a‘,mﬁﬁ Fis g’,}fﬂ"n‘{xa Hzwmg o

> CF &2 GSI # it

1y

A CF ¢ F1A g 7 2 B 1t 7 sty (Herrera ef al. 1988) » 5 & 4.
0 CF ¢ ]2 "LHJ}L”;& = 3 A T % (Htun-Han 1978) - ¥t » g% & # CF %
v FREERA ALY EE o2t 4 5% (Blay and Eyeson 1982) » % 5 4 78 1%
Py 2] % 2_ x5 (Shankar 2007) o b4 > = 3 eh@ fg4E (Merluccius hubbsi) £ % Bk
T4 4. (Holacanthus passer)> #2224 78 5 p& CF #% ~ 4 78 5 pF CF $& 1< (Shankar
2007 ; Marcial and Bertha 2001) - Ap ¥+ > 5 #4548 4 > ¥4 2 CF &2 GSI 3 4p
T TR S AT T B P e

¢S PERIRE S B P gt @ T (3 1998) o

EAET P o HE Nleimrrd 2. CF& GSL 7 4pinen? Wi 44 (B 6~
Bl 7):Apsten st h 2 CF& GSIF 5 Bie 7 < > @ L P AR Wi o
Shankar (2007) 45 1 » CF F12 7% &2 2 A MUE T A 10 vy L8R4
FET F CFEfGSI a2 AF4A B ERA LM EPF - L THRIRT §3f
FIRME 2 A ARE B AR B2 AR Y RES o § R e i
LA FRET AL T AL AR A1 w8 0 F LG H

fif o Flm {451 CF g2 GSI P Wit chig i o

GATERA ARA L S E R LA RE TS B E R ke - (%
1998) « 4 73 E £ %1 &4 kY M (Htun-Han 1978) © § 2 58 95 ¥ p% GSI
gHEZ B o TP 5 GSI # iT5 4 iﬁﬂfjl%:é Bl ma‘ﬁ 1% (Htun-Han 1978 ; De
Vlaming et al. 1982) - b4 » k| g (Pagellus erythrinus) # » GSI % 3t 3 p¥

5P IR o F GSI chdgif 3.750 BI2d #2354 P (Valdes ef al. 2004) - i _»
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AR LAY o GSI ot kg Rlwmbcn Ly o bldeS B fof e P
(Ceballos-Vazquez and Elorduy-Garay 1998) - % ¥ =t & g 48 > ¥ d GSI ? %]
gltdMAPrAPH PR T A i XAPhM GSI R 4D K7 B> &

Ry BT R A RIFE g &R G A ‘P (spawning stage) B A

=

A P {5 #p (post spawning stage) (Rinchard and Kestemont 1996) -

BATT P o hE (2-47) L F (5-77) fofkE (8-10 7 )GSI &% %% -
W12 08 B AdrE 8 RIS AE R A CPEFRT 201 -1.0mmREF ¥ ET
FREFT O DTRG A LGS ERFRBIRAT MR 1110 DA
GEEF R BIL R Z a0 (129 R 2 etk e S L

ARV GBI (B 15) o d Fifehigk o PRBIF P N2 E P AP

/!

Bhud

1RAAEPE- I o

& Dong ef al. (2000) ¥ Eim@rk= 5 ¢ » 11 GSI &9 5 45 7 2582 0 10
oI PR - 22 P F#FH¥ (quiescent phase) ~ = 1 T ¥ § = == & Hp

(secondary growing and mature phase) ~ = I = ? f_= 34 & “*# (ripe and spawning
phase)» ~ 1 4 * H:i% it frikit ¥ (degenerating and resting phase)~ - 1 + = ¥ §_
i & & £ ¥ (primary growing phase) o P Ewmia £ 4 mEF L 2 3 - 0 o EHE

A E R T A AR AT L -2+ 13 £ 857 & Z %% Dong et al.

(2000) 77 H hgr W& E ¥ Fwimik A o FRERMATEE -

R 3 RS

I

Boirfesr e i A EGER AABFER L ERFE o AT BE T - &
2 BB (% 2011) c A F AT 7 end i 4 BRI RS o f

PHEEFT R N AARORAET 2 (3% 1989)c AT MG A A fEL R



“Piics 2,727 - 24,0350 2 Py & 1,595 - 15,130 k2o B> A P dch| & 781 - 11,664
Rz B fgp B@gt s EE V] S RBREEFREBILFEE T
e1“F g (Tyler and Sumpter, 1996) ° #7 3 & & F > § #* < fmiTL_ W P ifc~ F P
Bt A HREME S MEOM G FEFHE IR g (B 178 18)-

MRRARRGAR DN TR ERENNE P LT AT R LT g 2

Brdc s VMR BN AR BETEET AR @

AR HEASYF TR ELF ER P BE LR (K 1998) by
PN e e 2 fe TRl R P MAR S HRR e B A TR 2 B X AT S 1.00
mm- foif & (2010) AFT T ¢ ATRBRIIH P N wid 2 e e T8 5 1,16
mm 22 ARIT o R (1998) 4p o AR Z R B PRIEAF 60 % - 70 % 0 &P
Bois R RPFRILF A BBk A iR o § 4 S mppence g L AR g 8
(2010) * &% ¢ #TE P2 T % [ frdf £ (2010) AT F AR A % > T £A NS

BOKAEE A AT G v R RS A KR

s RRAURE2ZRBZEF

A2 APEDP L ET LR 2> VA ATEFERHEE FERH i o
BEADFL G2 P 8 F R F+ 2 - (Francisco et al. 2005) o &~ 7
oo e N d AR R #E e > GSI#® 0 1% Spearman i& {7 4p B % #c
AArts 0 B EHarpA GSIEER 1r=0.659~p=0.020~n=12) 7 4 ¥ & 10 M
(F D BRER T EHEFH wprd AT HE & I F+ o Pawson et al.
(2000) #ArT g ® FII| > WE PR e g T )gvr]!f b8 BRKTE ¥ K

o g B MR TR B Y € FEEEA By (sea bass) PR mE g T AR o

TREEC ERITERE NS R LN S S L R L 3
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9P 2 vz 2 3 (Cheneral. 2003) o & 5 Bk dsg? > ik R = v fo 584G
A BRE R E KD AR R R EH T A2 S B F IS F o
17 VRS EERTA (recruitment) X RTenid € o

Ba o AT AT EER N R Vet h GSI A R R F AN

TN R AELHBEL - E oA S A L E P R F A K

FREL S EDTH o - HRRRE TS 8 5 i GST 2 Ap B2

Wincmiller and Rose (1992) §F 34« % 57 44 216 fa etk 275 -k agend
g 2 e Mgt A apend E Y LA 5 Z 4 1% € 4] W% (opportuninistic strategy)
BHEFAARC] SR Bl B A FEF N RLE T AR AT
# o T HA L v: (equilibrium strategy) & ¥ .7 -] A 4 ~ Z P~ 2 REE
HAFEFRERMEL G M RBAPG L WA K (periodic strategy)

BREMAT YRS 2% AR P A FTESFHN REBERCE R

Aok AREA E R RE B o 2 R F i35 B (Mimseral 2010) - g%
(1995) tem g @ &> S8 v @ B0 g A8 » FI5 S 5 R mG P
Ben® Rkl B h #F X R ki TR Rk S 4T RBE DA T
TRRIE o Tl & 8% 304 R A A R RS A B S  § A P e

LA R

BFEY o ¢ B N 2 A PR e 1O bR T )
ZOH AP RETA IR EFE XL BRI SR TS R I
PEZARFS S HESL B RAKE BWOF LB ABERI AP T
Rl e BE S N R R R el AT H - ¥

R ERTHARYE AT
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34 o g

S 4 F s B 0 2002 0 5Nk A e kAT o fLE B 1 7] 352:36-39 o

2 A F N IRR IR S M E R BlAA S FETEE 0 2008 0 SR doeh Rk FE 3 W R
Ao WD P g B

Aol 19930 SRR R A ERFE L ST o

E ik 020050 X TIE2 g2 ARET e kEE W 1179 o

FRAEN © 1990 o 4k g FReniEs 2 4]% o f 2R3k 14 (7): 4-13

PSR R B SRR AL 2T S AT 02005 o SAMGEAT A LR L2
THEBE o pRET ET]50: 66-72 -

B AR 01976 F R B A PRI A A o S Yk ARk TRKE 26
97-103 -

FIF 21999 0 % N F o M AMm) 0 | 303-354 - A

\né‘v
o
ne
e
S
=t
|
e
Bt
—
W

PR Rl A

FER 1998 BT % R b AWARF (RLFLH) T 192276 A
PR Rl A

B~ 4 (7019990 Sk k2 e fiFthe Mo imd 1 3 82 &
B AR e

Rz~ 217220000 3 £ P& o BT F 2 A B RT B4R Fr
L g opP
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Date of Female Male
Sampling
Sample Range of TL  Range of BW Sample Range of TL  Range of BW
size (mm) (2) size (mm) (2)
Jan 21, 2011 51 57.36-9597 298 -14.97 9 64.24 -77.85 3.44-6.04
Feb 24, 2011 22 60.20 - 86.08  2.94 -2.94 19 57.80-73.18 2.21-4.21
Mar 24, 2011 20 48.30 - 87.08 0.95-8.80 17 4798 -70.87 0.91 -4.52
Apr 28, 2011 37 55.51-92.04 2.40-10.64 23 52.48 -75.14 1.76 - 4.45
May 26, 2011 46 65.39-96.51 4.20-15.17 14 67.86-96.84 3.35-741
Jun 24, 2011 40 55.71-96.07 1.20-13.04 20 60.62 - 82.07 2.22-6.04
Jul 26, 2011 31 69.56-96.02 4.35-14.30 29 61.73 -86.67 3.47-10.80
Aug 27,2011 27 67.56-93.17 3.94-13.19 33 64.70 - 84.79  3.02 -9.28
Sep 29, 2011 12 54.64 -84.88 2.20-9.61 48 65.65-79.48 3.22-6.30
Oct 27, 2011 14 65.10-91.13  3.59-10.46 46 65.54 -82.03 3.08-6.51
Nov 29. 2011 17 65.83 -101.20 3.76 - 14.84 43 67.67-81.99 3.47-6.12
Dec 29. 2011 15 63.95-92.35 297-9.74 40 61.58 -85.43 2.55-8.02
Total 332 48.30-101.20 0.95-15.17 341 47.98-96.84 0.91-10.80
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No 2% HE  PERE GSI itz HixE & P fic(ind./g)

e =18 +w e + 18

4t~

(mm)  (g) (2 (%)

1 85.06 7.58 1.08 17.25 3380 3380 3340 3360 3240 3380

2 81.61 6.97 1.04 19.13 3740 3640 3780 3740 4180 4080

3 73.29 5.17 1.13 31.26 3620 3560 3600 3740 3620 3740

4 82.32 7.20 1.74 35.66 5620 5820 5440 5060 4780 5480

5 91.78 11.59 3.00 37.86 5320 6580 5660 5520 5540 5700

6 83.32 7.20 1.74 35.66 5620 5820 5440 5060 4780 5480
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203 F R N B e 2 BN e e B EATE

Source of variance DF SS MS F P-value
Individual 5 32657422 6531484 84.0685 <0.001 **=*
Position 5 763822 152764 1.9663 0.11
Error 25 1942311 77692
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* B

(mm) (C)
¥ 4.GSI r 0.280 0.659*
p 0.378 0.020

(n) (12) (12)

¥ 4 CF r 0.122 0.450
» 0.705 0.142

(n) (12) (12)

st 4. .GSI r 0.425 0.408
p 0.168 0.187

(n) (12) (12)

st 4. CF r 0.109 0.317
» 0.736 0.315

(n) (12) (12)
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