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# 47 Kaiwarinus equula (Temminck et
Schlegel) &7 PFA A T UIRORT, EEEEBL
O RRBEE, WD 7, MY FlHBLUOET 7
YBZETIHELBATH, W TilloBlr 548 HoE
B, HEAVI B WA D SR EALIC B A K
90m RO KBNS TH D L PO TV D
(IlJB], 1986, 1988, 1993). A4 7V 1E 1§iHh 5
LEBNTWD, W FilECldad, #E, 0,
J’!;If Epb 2B S T B (I, 1988,
1993). 123 EE25m A 8w THFE X v & |

tﬂmn&ﬂf KB A & A i B
) = EEAECIRAKE Y THEA v ¥ ] &
li‘ﬂfa BT, W T ilo KNS I EHOREMIE <

Abh, ITRETIHREOIEEL T bay
FU7 DNA # v @tfEEmFEe i Ly, o

O 2HOFMORFN DV THRE I TN T E A, K
P LRSI ENTB ST, 4% 5 1 0mEY
LEMMHDHESATVE QLES, BE).

W FHEO N A TV, FOPAEATKEMZ IR
2 b, FIZBAOKUERIEE (VTR EH
sy BEEEIC X v s h, R OBEE & st

SEEE LCHBESIT R TwD, LUK S Jin
B B ARM oA E, 19804EMIE1000 b VT
o foht, 19954 IR A S b, 19989134
500 F v Td b, AHE GO /R o BIFKE R
e O JRAE I 7 B IR IEIE D & iR A
AR H b, BRI IR OEM, B
WEBMUDLILDVREFE o TwD (KR, 1998).
KEL DB ITIE E A LM S NTHENI &S
FROBLY A 0 UEY) 2: 3 0 F AT ) 7200
W e O S OB RS T 5
CEHRAR T D, AL TILTE H AR R C 4
END [HRFPAYF] 2HOTEFOERHEEEEZHS
A qu,i?&ﬁmam% P L, FO4E
WMIEHE LCORSEERFEL, KICEDOR Tl
SEEIEE 2 TR EL T 72,
HEB LU

19964 4 A ~19974 3 B ic IR U & B L T
TR FY VG 5 R AR RERF eI A AR I L DS e o
7 EIT69M R (HE - 40444k, ME : 365MK) 2w
7z (Fig. 1).
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Fig. 1. Geographical distribution of specimens of K.

equula in the East China Sea.

examined.

X DO R AT o 7o, AL E L CHENR, 8,
ﬂ?ﬁ, EERIEE, AIREIEY, MIEREEAT, MBI
RBESO ML MINL, ROFUMAE T - 72, ﬁiéfﬁ
HRPAOTMBE 105 MZE L7, Wikttt
HEBRR L 8612, ThoOWMEk%E 1 % NaOH
IKIEHLZ 2405 0 L 7ok, kil LREIRARAE L 72,
PRI B3O P S b K E Bl & R
~OEDY HTHLHIBLIEFH L 20H%oOM 8 o2&
WL, Hefkod L a IEREcm L. Bl
WO, ST CoEED L O FL, 5
KPR L7288, 2B AT 1 B9 AT A HBTE
L7z, HRIGEHSE Dk, 0% 7 -2 L

THWHELL, BEgold, Rt 7o uvigioan
Hh, Y94 r¥—CHHEL, BHOHL () 25
Bl eI AR 2 MR U7, AR o BT e e
e (ma) oFBBE 23 E Hy, 2040w
LSOk LT » 72,

BOL S (MD BRI L RO LN,

MI= (R~ rmax) / (Fmax=mex—1)
R HEEE (mm), rmexc: BABGROBERE (mm).

B4R 2 body proportional hypothesis

N : number of fish

(BPH) #: (Francis, 1990) %#H Wi L.
BPH #:t L FoRic L hRD NS,
BRI &R EOMERR
log(FL.) =a+b log(R) (1
FLo=(re/R)"FLc
FLe: ORI, Fla:n
b: (DROH A,
von Bertalanffy ®B R0, #R@ (1995) 127t
v, SRR T CHESE L/,
1. B8R
EAD BRI EHBE O €~ FidiEls $12165~185
mm Kb 5hi: (Fig. 2). HOBRKELRIL258
mm, HEORARITRIZ244mm TH o7,
2. FHE
Hefk, 85, 7, REREE, WELE, MENEEF,
SHE B L UREF IOV, EREBEHE L TOEY
M AME L7z (Table 1).
NI MR MACEB Y, 2oM0THS
PREEFESLZEMTES, HBENEIEEOL

RIS ORSTR L,
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Fig. 2. Length-frequency distribution of
K. equula sampled from the East
China Sea. N :number of fish
examined.

BINE 72 BT & IROPOAEIRN (BHUlE) A9CHE
B ST,
B RO & EA T HMBEC, EiDhRisESE
iw& ZENTE, FOREEROIIEERATEGH
PRSI Tw s, RERIES D MEECHEREL T
aw) FOEHSEVh® S WhWh " OB
SH (BN - i, 1938), &AM SRR
EhoTnf, LHALARSS, "Ly dadL
LT, HBORY - b EbEETHhot.
AHASEAE L3 <, RO Y e oREEC
;o’CtiﬁﬁfTXm“Fé RS & o7,

HRER e b oRBEREOHMIRE 2 L v/,
ii@;f»itiﬂf:@q-uu{’[s RO LN D L OORPEETH -
7o EAWIEICEAEIN 2% L 7oidiiEsTits &
NAht, REBECEHRAL Y TS - 7,

FEEEEH IR AT S T A AR T
Hol, BENDDLEZSNLMNEIE, WHEEE
M A THLONELTE Y, BHICHRET
LIk iﬁi%&&"@d‘ocﬁ.

WS ci, REH M 1'1@&!1534)&)%’%’;]‘&:% L
Hi f)%m‘énfu\m’ﬁ?ﬁf}}WT%ct. mEEER

Table 1. Results of readings in hard struc-
tures of marks and center in K.
equula.

Comment on readings

Hard structure

Marks focus
Centrum O O
Scale PN @]
Otolith X oy
Opercle AN X
Preopercle VAN X
Interopercle Fay X
Actinost X X
Urohyal O PN

O : Clearly discernible, A :Not clearly
discernible, X : Indiscernible.

Y (P S
W’C“Xf)ot

IS i, M OBGD AR I IRBE TR &
nfwtﬁﬁwwféb ke ;ormmﬂﬁmw
Wbz, BEEELLNDHFEELWE{LD
7%, B‘.A_’é” /Zu. LIXTERdo 71.

BB TR DS B &AL D S
A, é/eﬁgrﬁ BRDIED LI ENTEL. W
EIFIEN IR B IR RO b Rk dp o 7.

)“, RESTENZIED 5 NIRRT S L Tw i

, RHBCCAHATH - L.

ST 12 4 8, I S AN o T L
~ 4 GHE SRS L, 2O 4 $lEH9
%*}\'%#ot Lap L%dsts, & Cof i ioiist

BlERD LN h o,

LI E 87 mmwammmw THEMBEE LTORY
PR MR L 2, MEEIE R L L ORETH S
L WY (VAN

3. {EROMRE L BRI

MR OR 2 B AR L BE L, Mo aF
M OMEREAHER E CORI EHERE R (mm), €
DFMNE EOBBUR F CRERE o (n R,
mm) &L, HROBAND LWEEIT->72 (Fig.
3).

REROBERICIR S 2 <5 o0, MR
LB B EWT O IMBLIRIR & R P, HE
BN By A G OB, 4~6 838
& U10~128 Tl o 72 (Fig. 4). HBUBERG
4~9HBEUT0~3 AICRAICERAL, 3~4 A8
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Fig. 3. Illustration of vertebral centrum Fig. 4. Monthly changes in the frequency
of K. equula with four ring of appearance of a translucent
marks. F:focus; R:centrum ra- band on the outer margin of the
dius; ri-s:each ring mark. centrum of K. equula.
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marginal  increment of  the E N = 365 0 %o
centrum of the K. equula (closed 200
circles). Open circle is the mean =]
marginal increment without a g
new opaque zone. E 100 °
LU ~10H 12 8% Tl B0 bk (Fig. 5). °9 o5 0 e 20
NSO ES, M a‘oH LSRG 8 ~ Centrum radius (mm)
= - ] e 4 > pra :}L
ARE9 10T, BRI 2 MBS N EH L5 Fig. 6. Relationship between fork length
nr. and centrum radius for female
4, BIECHAROBER and male K. equula. N :number
F& 4% LRI O B4R % MEMERIC A, A of fish examined.
LhiiEmwEoMErEs s, Kk #H (Fig.
6). . BFHEXER EHRESR
liﬁi  log(FL)=5.0240.84 log(R) (+*=0.98) ’f URIBE AT o foi i, MESRORIAUR, MHEfck
: log(FL)=5.03+0.87 log{R) (r*=0.97) ISR E TR btk L Mo SEROPILEIHRE
‘5‘““ SO, R LR RO AR A E% Table 2B LU Table 3ICZREFNRL 7.
THBEENEDO SN (p<0.05). TODFHER AREEOBINNEILS ~10A THBHEEZ LN TS L
OB IR~ 1K D & 2 B R % v e, Eds (TN - BN, 1998), 9~10H IR E B
PRGN oMby L1 5, Zodd, 9~10
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Table 2. Mean back-calculated fork lengths {mm) at each ring group for male K. equula.
Ring group N Flu Flp Fls Fls Fls Fls Fls Fls Fls FLw FLi Flae FLis Fln
2 7 49 82
3 37 44 80 104
4 34 43 77 104 124
5 92 40 75 102 124 142
6 104 40 75 102 124 143 159
7 7% 39 75 101 124 143 158 173
8 30 38 75 102 126 144 161 174 186
9 1240 76 103 126 144 161 175 187 197
10 2 41 75 104 126 144 159 174 186 194 203
11 3 38 69 100 122 141 188 174 187 197 2056 213
12 2 41 76 103 123 143 169 174 187 198 207 213 220
13 1 46 6 99 121 142 159 177 189 199 209 216 221 226
14 2 38 75 102 122 142 159 172 186 197 207 217 225 232 237
402
Mean (weighted) 41 76 102 124 143 159 173 186 197 206 214 222 230 237

N :number of fish examined.

Table 3. Mean back-calculated fork lengths (mm) at each ring group for female K. equula.
Ring group N Flin Fle FlLs Flu Fls Fls Fls Fls Fle Flao FLu Flaz FLus
2 8 46 80
3 20 43 17 102
4 30 42 76 102 124
5 91 38 74 1001 124 143
6 110 38 74 101 124 143 157
7 48 38 74 101 124 143 160 174
8 30 38 74 102 1256 144 160 176 188
9 4 37 72 101 125 145 162 177 190 200
10 6 38 75 103 125 143 160 174 188 198 208
11 3 40 76 102 126 147 166 181 185 205 216 228
12 2 41 79 108 130 148 164 177 186 195 204 213 220
13 3 36 T 98 121 141 159 176 191 202 211 219 228 235
365
Mean (weighted) 39 74 101 124 143 158 175 189 200 210 221 225 235

N :number of fish examined.

AR SNAEOREMER L Ak L, F280R2 M
1FE LT, DU B oBREE 2 Tl - iy
WA E L7z,
BMERORERLEL B ORERFHE L 25
&, M oRERIIARIC L h R,
i FLe=278(1—exp| —0.270(t+0.218) ) (1 <t<T)
HE : FL=272(1—exp| —0.286(t-+0.111) ) (1<t<6)
IO DEEBIFOME, MM TRERIIEEAY

2, HHLIBEFALTHHLEEL LN
6. BEXEEHEORF
BAEEFEOMRIIZEOHMI A LN, XE
7 (Fig. 7).
M : BW=0.000155 X FL*®(r*==0.91)
HE : BW=0.000142 X FL*(r*=0.94)
LT ORE, BREEREOMFARICIET
FEEsEd S (p<0.01).
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500 1968) OAEMIBHE LCEAZTRAGEATVSD
. ’r\@%s% BT AR, AL 7 S WAL b I & LT
B PHMBTHLEHEZ LN, —T5, BRHE T ERE
£ 300 HELTHCSZ EDHETH L EHLLNTVHI
2 819 (Daiber, 1960 ; Yudin and Cailliet, 1990 ;
gzoo Seki et al., 1998), 7~ =2 v3 (Armstrong et
100 - al., 1992 ; Yoneda et al., 1997, 1998), +o 74
(R, 1980 ; /NG5, 1987) Tk, MEMEAI G A%
°, o 200 R E L OB S Tw s, Ko
500 HEARPITT S AR & IS B0 S, o> THED
wo| Komales ° WAL & B, BUROBAS S, RAOIDH S5,
G HEfRASEUGIEE L LTl Cadh B LIl 3 /s,
5,300 B A7) OMEEOBR GEWAFSME) 134E 2 BB
2 o- A, RBWEHIE A ~ 6 3 £10~128 & HLlAs T S
§ NLZ NS NE oz, WO EHE & AREH
1001 Boss, BEOEMREOEI LS L Tnb L
FZLNTEBY, 1474 OHKRPEL T, i
e 200 300 DIV EIH BT S I, R D&Y
Fork length (mm) aﬁwW#mmém&(&ﬁ 1997). =¥ 9 Cid
Fig. 7. Relationship between body weight HARLERI A3 17 B A EYIH L RALBLE & 17 5 B
and fork length for female and (AT S S B DIZR L, FEWH A5
male K. equula. N :number of RS L BEMHIT N B 4FE (BREEN) 1T
fish examined. SHDZENREESATVS (RIS, 1992). A%
OEIYIEIE 5 ~10ATHHT Eh b (TN - 143,
3. g 1998) RIEWER OISR o B bk & #T Rp
z A BT B, PN RO AR L, AT
MIHOAEESE R BT I, HEfR, 8%, Hom, »L’CH?J\:V’J?,??F@"}(%K G5 (F970%) 25 TH S Lk
B EOWBAMERTEE L LTV HRTWS BEND I EDS, HAROBRIBEAMEIN & AT 5 o

(4%, 1997). AWECIE, 47 O8O
WOWTHERBH L LTORMMERET Lz, #Bixs

NFETE L DMIHTRMIIH VSN TV BERBH
ThHN, Pk, WA iﬁ‘ﬁﬁxo)mckf‘fzﬁ?c Pk AERR T

DFeIl, KR O D NV AR S RIR{EEGO
BRI & s, EOHYGHNDWT OB LR
BN T5h (Beamish and McFarlane, 1987 ; J¥
B, 1997), ARHiofci, EREARRENS Wb
Yo PREBECH- T b, BPRELR TV
&~Eﬁ b, HERBHE L TRELTH D LTSN

. HEGEREEOBCWITEE & L THAES oM
'CH\/‘ LR Twad (IE%, 1997). Lo Lieds, XK

OB IIBBMEES NI TH Y, Bhe bRl

ThorzZ ehb, FBEHE LTRELTHLLEE
Rbhje, WEE, FREBLUCEETRTY (24,

1960), =4 (FF - A4, 1991), v oy (B
A5, 1983 MRS, 1991), =7 Y (Kim et al.,

Bb e s EHE2Z 60505, KEOBR
DNTIE S SICHET A LENH D,
AKIFFEIZ LD, A4 )OI BUANEBL Y
FHTIFEFECCTHAI LMW S Mol BHRE
THESHRRRE ¥ F 0 4 Tk, #3 7 foMfildabhs
2 OO R L SERARIHIARET B0, SRS
W L BB S RO T 25, B2
TR F LI O M EOMEEHPED NS
:&Wﬁ&éﬂTW%(mﬁ PR, 1988). X i
WEY ForCit, #F, H, ko 3 o008l
LTV A, ﬁ‘&ﬁ#tw%iﬁib%m&#
W EAIS TS (B, 1989). W HERE S
A7) OEIMIIE S ~ 108 OEYIZE L5825, K
OFERBORBEEICO>VTIARYThY, 4%
LI TAZ EHVRETHA.

WY FilEci, 946, B, 6%, AR RS
L200ROH A7) HRHLNLH (L, 1988,
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Z6RTwD (L, 1993). &MWL TN 417
U OEWENEFEEP S ML T DIlh,
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OO FAMEIZ L T LEFDH B,
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HEOR BRSO T E R o/, H - 30
EOREICOEDMOIIEE I LD, WY FilEOK
A OKRBL SR EERIICH S ST
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LB A BN R TR 92T L Cwn 72Dl D,
ﬁﬂmﬁ&Mﬂmﬂ&ﬂﬂﬁ%OMﬁﬂﬁﬂkkﬂﬂﬂb&%1&\
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Summary

This study investigated the optimal hard structure for use as a marker in age determi-
nation from eight hard structures, and age and growth of the whitefin jack Kaiwarinus
equula. Specimens were collected in the East China Sea during the period from April
1996 to March 1997. Length frequency distributions showed that most specimens of both
males and females ranged from 165 to 185 mm in fork length (FL). Vertebral centra
were chosen as the optimal hard structure for use as a marker in age delermination
among the vertebral otoliths, preopercles, interopercles,
actinosts and urohyals. Monthly changes in the frequency of appearance of a translu-
cent band on the outer margin of the centrum and in the marginal increments indicated
that ring marks formed twice a year, from March through April and from September
through October. Ring mark formed between September and October could be consid-

ered as an age mark,

centra, scales, opercles,

Male specimens possessed 2-14 ring marks while females had 2-13
ring marks. Using the back-calculated fork lengths at the time of age mark formation,
growth of males was expressed as FLe=273(1—expl—0.270(t+0.218)1)(1£1<7) and FL&=
272(1—exp!—0.286(1+0.111) 1) (1<t<86) for females. Our results suggested that the growth
trends and lifespan of both sexes were similar.





