< » &, > ‘\l, ‘\\’
Ry S A
B AT RERE Y

MRLE >#H~

i ERE D kP #£4

S S

SEE A S D (Masturus
lanceolatus) & # & = £ &3

Age and growth of sharptail sunfish, Masturus

lanceolatus in the eastern waters off Taiwan

M3 2 iEiRE
P ER 96 # 67



.
e

SHRINAR S AE M ERE X EFY

Age and growth of sharptail sunfish

Masturus lanceolatus in the easter n water s off Taiwan

oy oA 335 Student : Mei Lin Lee
IR Flep Advisor : Kwang Ming Liu
T Shoou Jeng Joung

SIENE N AR

TR LR
oL

A Thesis
Institute of Marine Resource Management
College of Life and Resource Sciences
National Taiwan Ocean University
In Partia Fulfillment of the Requirements
for the Degree of
Master of Science
in
Institute of Marine Resource Management
June 2007
Keelung, Taiwan, Republic of China

P EA R 96 61



ki

[

)
Jiv

i

i

....................................................................................... |
....................................................................................... [
B D e, 1
11 A BB s S B 1
1.2 S EEAINAEE G EEA 2 R E PR 2
L3 a0 A BT B 3
LA BG4 E D S 4
FE R T 3 6
21 B KRR B 6
22 A EE 2 B R .6
23 B2 A E e 7
2.4 I T 8
25 BRI B R Rl 10
26 R A R R A T, 10
2.7 BRI B E 11
281 > E IR E 2 B MR 12
282 RE LR RE 2 B M. 12
283 BRI E BRI 2 B TR 12
29 AR AR R B I B 13
210 BRPF o K i B 15
211 B E R AR 2B T 16
212 s~ R L PN LR 2 T 16

T 17
31 RESHEMEZEM B 17
32 HEHHEME LM B, 17
33 %%L@% FO S M G 18
34 EEEAE 2 F T 18
35 BRI R R A T 19



KT\
=]
b
v
oy
S

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

PR HP 20 B 19
AR AR B2 T ORI 20
RS HP 2 B 21
R R - T A - SRR 21

BB A TR AT e, 27
B EFTT AT 29
B R AL B2 BT e, 31
B B HEFER A AT oo 33



Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig.5
Fig. 6
Fig. 7
Fig. 8a
Fig. 8b
Fig. 9a
Fig. 9b
Fig.10a
Fig.10b
Fig.1la
Fig.11b
Fig.12
Fig. 13a
Fig. 13b

Fig. 14a

Fig. 14b

B P &

A male sharptail sunfish, Masturus lanceolatus...... ....ccccccoeevveveiiereennne 51
Sampling areas of sharptail sunfish in this study... U - 722
Diagram of sharptail sunfish showing the body portlons measured.......... 53
M ean vertebra radius and variation along the vertebra column of two

sharptail SUNfiSh. .. ... 54
The method of vertebrae sectioning used inthisstudy.......................... 55

The measurements of growth bands and radius of vertebra........... .........56
Standard length frequency distribution of the sharptail sunfish in this

SEUAY .o et et e e 57
Relationship between total length and standard length of
female sharptail SUNFiSN.........ccoeieiiiie e 58
Relationship between total length and standard Iength of
male sharptail sunfish................o i 59
Relationship between body weight and standard length of female
sharptail SUNFISN. ... ..ot 60
Relationship between body weight and standard length of male sharptail
SUNFISNL .. e 61
Relationship between standard length and vertebral radius of female
sharptail sUNfish. .. ... 62
Relationship between standard length and vertebral radius of
male sharptail sunfish............................ . Fryer et 63
Monthly variations of marginal increment of female sharptail sunfish...64
Monthly variations of marginal increment of male sharptail sunfish ......65
Relationship between standard length and growth rings of sharptail
von Bertal anffy grovvth curve for female sharptail sunfish................. 67
von Bertalanffy growth curve for male sharptail sunfish.................... 68
von Bertalanffy, Robertson and Gompertz growth curves for female
sharptail sUNfish. .. .. ..o 69
von Bertalanffy, Robertson and Gompertz growth curves for male
sharptail sUNfish. .. .. ..o 70



Tab. 1
Tab. 2
Tab. 3a
Tab. 3b
Tab. 4a
Tab. 4b
Tab. 5

Tab. 6

# P&

The procedure of embedding..............coeiiiiiiiiiiiiiii e 71
The specimens used in this Study..........cccovviiiiiiiiiii e 72
Age-length key of female sharptail sunfish...............ccccoooiiil. 73
Age-length key of male sharptail sunfish.......................ocoo 74
Average radius of each age groups for female sharptail sunfish.............75
Average radius of each age groups for male sharptail sunfish............... 76
Maximum likelihood ratio test on the difference between von Bertalanffy,
Robertson, and Gompertz growth equations for femaleand male........... 77
Comparison of goodness-of-fit among von Bertalanffy, Robertson and
Gompertz growth equations for sharptail sunfish.............................. 78



® &

W AGEL R AMA BRI P T TR G ML R

4535 a8y o4 kP g (Masturuslanceolatus) 3 5 #4304

N

BoRVARENGHRAA A7 22003 17 42 % 2006 £ 11 *

AE R TS W 2 265 £ ( 224 160 £ ~ #2105 &) A
BT 2R (TL) SAREREE (SL) aik fFh 5o spiel w53
T s TL=7.759+1.166 SL (r*=0.980,n=105,p<0.05);: =z :TL
=3.698 + 1.204 SL (r*=0.971,n =160, p< 0.05) - % & ( BW )7 {L 2 §¥
£ (SL e fF B 5o vpae s ] & 7 40 o BW =9.98x 10 “SL **(r?
=0.987,n=105,p<0.05); # :BW=23.33x10“SL *®(r*=0.986,n=
160, p<0.05) -t 48 & (SL )& faic( R )t i b 1% o ppie s w47
4T 5 pp 1 SL=3383R+8229(r’=0.962,n=84,p<0.05); 2 :SL =
3513R-0.243(r*=0.847,n=135p<0.05) - 5 5 11 215 & % & 2
Rt EFESS LT B2 arEss vl $ i 238
Bl E Ll BR3P u@2%T 0 Ak 2 5P F
CAFRESI T 4P FAA S - B - e SR AP TR
T RS%E 2 vonBetaanffy 2 £ 3 2N BEF AR cvph2 S
E AR A Slch w5 B U E Le=2625cmSL & £ i4#kc k =0.046
(yr) mAFHE E8t,=-335(yr) # & 2418 £ BW,=838Kkg :
224 Lo=231cmSL >k =0.059 (yr Yty =-1.85(yr) 4 & = BW,, =702
kg -

Mgs @ S ANA F AmB s p X FE



Abstract

The ocean sunfish ( Molidae ) is a cosmopolitan species. Only a few
studies on ocean sunfish especialy the fisheries biology have been done.
The most common species of ocean sunfish caught by commercia fishery
Is the sharptail sunfish ( Masturus lanceolatus ) in the eastern waters off
Taiwan. A total of 265 specimens (160 males, 105 females) were collected
in I-lan and Hawlien from January 2003 to November 2006. The

relationships between total length ( TL) and standard length (SL) were

estimated to be TL=7.759+1.166SL  (r*= 0.980, n = 105, P < 0.05) for

females, and TL=3.698+1.204SL (r°=0.971, n = 160, P < 0.05) for males.
The relationships between body weight (BW) and standard length were
expressed as : BW=9.98x10*SL **( r*= 0.987, n = 105, P< 0.05) for
females, and BW = 3.33 x 10*SL*® (r?=0.986, n = 160, P < 0.05 ) for

males. The relationships between standard length (SL) and centrum radius

were estimated to be SL = 3.383 R+ 8.229 (r*=0.962,n =84, P<0.05) ,

and SL =3513R-0.243 (r*=0.847,n=135, P<0.05) for females and

males, respectively. The growth band of vertebra centrum was found to
form once per year, during March and April and up to 23 bands were
counted. The von Bertalanffy growth parameters estimated based on 215

specimens were as followings. growth coefficient k=0.046 ( yr™),

asymptotic standard length Lo, =262.5 ( cm ) and to= -3.3489 ( yr ) for

females; k = 0.0594 (yr?), Ly,=231.0 (cm) and to=-1.852 (yr ) for males.
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The asymptotic total weight was estimated to be W, = 838 (kg) for

femalesand 702 ( kg ) for males.

Key words : eastern waters off Taiwan, sharptail sunfish, Masturus

lanceol atus, fisheries biology
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o FEE S8 AWM E A H e T

BRE Y Bl b

HUERFH G PR R RTT SRR A S BRI A

e KA A o SRE U ATl > G B g At e B e LT

SEMATFIIANEL  KFRPMT AT Ll A

LR e ALY 2 BT AL T L S
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S RBE S FRAE 2 810 s BRI EFT o

35N HIR 2 AR A H7
AR STLE RS A R HEEE L 69 0 F F R

~m

|k
%

\

-

Frxarmey 302 £ 2F mERME T e HE
FF ST hth RETHETET - @245 L THF O T
Ao HP g Sk 2 R BB E G 22 & 0 G R
A2 728% #2219 B ¥ AP >z 135 & (61.64
%) > vp2 80 & (3653%) 1WA K 4 £(183%) - L | A F

£ 47 #(IAPE) 5 3.27% -

36 R B2 B

AT AR BROAEZEPF( B )L ERBROERE b
W BB T 23D 231(1950m) 0 B b 5 2#(420em) A BE T
2 16 #(158cm) #5218 (38cm %2 41cm SL) ( Table 3a,b) -
Al g & 50 SRS 0 AR R PG A KT E
34 1 B A E S 0 (e 4 00560 52 4 0.059) 2 {5k T A+ A
Bl 231 Wit ( 24 0988 22 % 0.993) 4815 i T ¥ (Fig.
1a, b) > 2) % #7enfh & o 22 @ MIR ¥ W] %1t § (p RS LR ehik 3
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oo rgd MIR P Bl 4 6~8 1 B3 3% eh7 A NM > ¥ 5tk 4
BiE P R(6-T? LL2BBA-82 3BHEA)2 HMIRE
%+ %3(086):» X 1B+ Lessa(20060)%F A % 77 » A b
19 6> MIR 183 Fif @ id & 4 HA[ I & o e A = > A
A h 2 PP B P LAY HRL > - EA A - B
U RP hEEHZA TP LK 4 2 H D o Fg 12 457 L &
WBcTREE AT B B r S e A et B SR 4

@ 3 v ( Table3a,b) -

3.7 £ #%A5 4 ph2 T 198y iT

AETETES PR AL WA ST G T 232 1645 Table
Aa~ b #7om Tepie ] L A A 2 TIOREIT o £ ¢ TR AT 0 22 4 7
foofm s W) 2 e — R (P B en g MEE AN Ao d B BTHE ] en 3 IR %
( Lee’s phenomenon ) # > ¥t 4. Tﬁnrg A4 )2 E AR %
WA PR X S HEEATYNRPREOEIANIRG 0 TR s RARS

TR o B IUEEREA S 0 MENHEF 28RS PR E NI G o

3.8 5 A5 K g 2 A g_
Py iefgdE Fz ) ugil g E A 34F o
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3 B E T Rgh S B S a3 1p o M2 p YR
BT RLPMTRT S0 R o sEE (B 4 ) § ¥ 2003 50 &
BLURID - P BT SR WRA P20 h o H if_ﬁ_wj{ﬁé 17kg >
% Yabe(1950) ;o' %+ 1949 & 67 28p s X L § L 34

(131.15°E, 2540°N ) BLp|F|- EgkfEens p 542 5 T2 £l g
F 4 (WA H25mm)e Fp e Rl A2 A ATV A A F R 2/ o
AT AUEETEERZ Y A2 A (L )p - AT
1p ol ABF AT HRYS - B3 285 075K > %=

W7, S PF L LT5 B o kgt A o

B9 K I ZAFTH VR
M ABPIME 2 HEEY 2 TR A B2~ von Bertdanffy
Robertson 2 Gompertz = = & = #2559 » L J]* SAS Siz- i dg:E 7

%ﬁﬁgﬁ@ﬁ’%iﬁiﬁaﬁﬁw%ﬁ%T:

von Bertalanffy = £ = f2.;¢
Jbv’; i Li=2625 [1_ @ "0.046 ( 1+3349 >] ( 2= 0.996, n =80, P< 0.05)

22 1 L= 231.0[1- €00 t*182)]  (r?=0999, n =135, P< 0.05)

29



Robertson = £ = £z ;¢
pe 1 L= 192.8/ (1+e 0° (619 (2=0,996, n =80, P< 0.05)

s 1 L =167.2/ (L+e ¥7® (8 (220,998, n= 135, P< 0.05)

Gompertz & £ = &3

-@ 0100 (t-4.241)

rELi=211.1€ (r*=0.996,n =80, P<0.05)

_@-0.134(1-3.930)

2 L=1824¢€ (r*=0.999, n =135, P<0.05)

Mg PRI 24 0 5% B o von Bertalanffy ~ Robertson %
Gompertz = & £ 3 A2\~ 23 Ao EEF LR (P<0.05) &%

w4k (Tableb) o

3.10 = £ i &

#- von Bertalanffy -~ Robertson 2 Gompertz = B = £ = 755 & & -
A 0 B EH B i S AT
von Bertalanffy :

#e dlt/dt=d[ L, (1-e * ("] /dt

— d [ 2625 ( 1-e -0.046 (1+3.349) )] / dt

:12 08 e -0.042 (t+3.075)
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%t dlt/dt=d[ L, (1-e* 0] / dt

— d [ 2310 (1_e -0.059 (t+1.852 ))] / dt

=13.72 e -0.121 (t+1.554)

d von Bertalanffy = £ ;8 £EF 014 8% 1 &2 = & 5o ppie s b
% 9.89% 11.58cmlyear- % 2~5 & z_ = £ 1 ¥ 5 945~8.23 3 10.92~9.13
cmlyear - % 6~10 # 2. = £ i ¥ 5 7.86~6.54 2 8.61 ~6.79cm/year - %
11~16 & 2. & £ i & % 6.24~4.96 2 6.40~4.75 cm/year - % 17~20 & vp
Ao = Kk F 5 4.74~4.13cmlyear - % 21~23 E g b 20 = & i

3.94~3.59cm/year -

Robertson :
# dly/ dt =d L,/ (1+e ™ (o)) / dt
=d[192.8/ (1+e 01 (H679N] / ¢t
—0Q g4 0155 (16.719) (1+e -0.155 ( t-6.719 ))2
st dly/dt=d[L./ (1+e ™ (")) / dt
= d[167.2/ (1+e ¥?® (58] /gt

=34 43 o 0206 (t5815) (1+e -0.206 ( -5.815 ))2
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d Robertson = £ ;X RKiEF N4 5% 1 E 2SR F o ppses w
6.18 2 6.80 cm/year - % 2~5 &z = £ F i 6.56~8.23 2 7.40~9.13
cmiyear - % 6~10 # 2. = & & 5 5 7.46~7.02 2 8.60~7.19 cmlyear - %
11~16 # 2. = £ i# F 5 6.72~4.63 2 6.55~3.35 cm/year - ¥¢ 4 % 17~20

#£2 2 & 5 5 419~3.00 cmlyeare % 21~23 & 2 = & i# F 5 2.65~2.05

B
_;@
e
\l
B2
e
9
am
(=
Ja
o
<l
it
[
TE_J
it
m\
%
%
O~
[}
En
(
-y
PAN
5y
H
o

Gompertz :

v dl/dt=d [ L.e® ) at
=d[211.1 €102 gy
=21.17 g 1P (424 gre-0100 (42
s 0 dl/dt=d[L, e/ at
= d[182.4 g€ (5O g

-0.134 (1-3.930) o€ 0134 (1-3.930)

=245l e
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d Compertz & E G RENAEE 1AL ARG F o pps A B

>

7.34 2 825 cmlyear - % 2~5 # 2 = £k F 5 7.58~7.77 2 8.69~8.93
cmlyear - % 6~10 # 2. = £ i ¥ 5 7.67~6.78 2 8.71~6.97 cmlyear - %
11~16 # 2. = £ i# F 5 6.47~4.79 2 6.44~3.97 cm/year - ¥t 4 % 17~20

£ 2o £ ik ¥ 5 447~355 cmlyeare % 21~23 & 2. = £ ik F 5 3.27~2.77

Fhrpse s A E B B A R AR R 2L 1 4

RS E S P TR R o MR DINEE B 4 A EHPE IS 0 10

311 & £ B2 iR

P~z AR S N2 K g ki (rP) 2 AIC 4r( Table 6. )32
;0B P sed 2 vonBertalanffy = & 2 42583573 B 0| LR EEZ B
e AIC (2 o 7 e s £ V3 M e & IR R B i ooy i Ay
P bz AR LSRN PE kA2 BAE N2 AICE
4 ApEH 5 > et VBGE 2 AIC & 5 % o gt AFT § 2234 von

Bertalanffy = £ * 235 (Fig. 13a~ b))k * £ A fd2 = & $F 4 o
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R S

A1 $ B A TR

AT REREE  TRERAAREE 2IFR(FGT) < F
PAZREME R Y £ 20 80~119cm 2 & > 70cm M T R ARt o
2 A ke~ 223240 38em T 2 A > 160 em 2 2otk A G o 7
5(8k) » divth cvph 2 WEAFTFFREZLR 2 F 7L b
FAENWHETHATZHMEE AL F > 4oiE b 48 (Sun et al., 2002; Chiang et
al., 2004) -

SRR A S kP TS BB HITAS L LR R SRR (F

FARFEHEASOMLF SR DA AT PR E AR

7

_H

St A or( B ) g e o MFEAR AP e AR FL o B A
i Aehg R o A 80~119 cm MK R BT AELH N LT AL
B FEGE SRS AZ AR BLORIE &h B R B
BoRFRFEALP > LV FTAA > B RUF N D E AT
R EERA GRS L T T2 AR LR

(#pd 105 B > 224 160 & o ot & LLB) > dodb i 287 7 Mg

T

B H B G

F_&

EHEE L MET AR A SRR A o IS ¥

& > Schaefer (2001)4p 41+ 5 #cj M dp w3 » i § ik A8



SRR L1 PHEFERA S A G T R DR
VFohpErgskr® o 2 8ERGFE)F VAR TR R —
Pz MEBES FENAPR 0 TP R FEE T F 0 JUNAR - R
HRFFa s A3 rE 224 A BERSBLZY o A2 5%
DI A H & 4 4F > Johnand Chen(1995) <%= 3 % 4 ) » Lag crwp 22 13 &Y
FEALRRBL b4 AT ABEY Mmool p VE w( Shyrna
lewini) (Clarke, 1971; Branstetter , 1987a) -

AT R ERA? S MpA RS EEME S 195cm o i < T4
1158cm > E Ay ey LT iF RS > 158 em SL v 5 16 gt
zZ B RA AR ERLDRTFT R F(DERBLATR > QA
zhE Vv rEhE s A B g d 0 Q)AL AR E
BoRiFL AR R A ER L2 RS o I L E R
(Sunetd., 2002; Chiang et a., 2004 )17 5 » 2 *+ B & chp % % @ B 4
FRarm g E5F3H -

£ F RAFLHRE a2 % >38emSL T E LA MT 2
@b oI BEAPRFTNED)AEZRAEE S AR AR AT
AR DA 2 2 G ARIE (2B RIFE(SOM i R) 25 AfES AL
Kk oo Hla 2 IRB ARG > MEZRAEST L RN L LIS AR

2 B KOS (LRI P) 0 R (52 5 b 7 R

a3
=
I
b, A
._l\\.\\.
‘D‘
#
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[
=
)
=
/\N
o3
oL
I®y
<)
f
%

a4 }\)é](ﬂxg g\ar;,r,}grl_y e

T)o R AR H B BRPITAKREIFHABALI AL - BL

<l

e IMFERRLI PR ERNEL TR NER P
7 OBt IR L”ﬁv[}%; PR ARAF ¢ (Yabe 1950) 0 ¥ s A fE

ZBAFT R AL INBR L —RHETH 2 B EHRAY &

ﬁguj’éipfﬁﬁﬂﬁibﬁgﬁiﬁﬁbﬁ?ﬁﬂ’%

T A PRI R & R EA B[R OY

42 £ EPT B LN
EWREFL ZRFELIFEFIORAA S AT R ROE L R
Vo o PP AKNSE e - Fam wEE LS b 28

AEGERYT BT AKEBAEL P D IR

o
%
R
-
=
=

A EdLALZ AT RS T HANERSE T2 0 $; Callig
(1990) 2 fFpe AT = fa (L) &3 A58 Sliende 5 2 F 82
(2)%8 £ #7 A& A 37:% ( Length frequency analysis) ; (3)# &3 B e 4 =
o mRF o 2 L EAF O A4 (DT s L %
BB ; O)& 7 2 5 (6)R£ 4 2 ( Tag-recapture ) 5 12 2 (7)*% ¢+

% % (tetracycline) 1T 5 = & e w23 (OTC L842) o
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Fu - @R AT AR REFEMY A D E AR E RS
SEpARRET P EREER S AEY (FE, 1988) WP P W Wk
3t 2005 2 2006 f- B R A ARG - E G EfRE g AR FEE R
WU PERL TR Y 0 X AR T E S A L Rt o o RE A A 192
MR R RORARE S DK F - ERFELAMEA LA

s PR R A PR R D M g TR it E e 4 AT, i

BRI R A LR RNEANSE G RA 2 0P E
%ﬁ*ﬁﬁ—t%);ﬁ”f’-ruﬁ/;’&l}bﬁﬁz‘0" ’j?ﬁ',z.ﬁ}f@ﬁ"@ iz g 7

BRI AR F AL R EA LR (H R, 1088) 1A A
WEIEY AT ETE  Hil A SEEF Y AL BN

G R pnE R BT o

4.3 #HR A58 2 FF 3
FHFHRrZ s BRI L L AR o AL R L

RS SRR YRR R T L
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FEOIELE L RREFPIVRE EOHE L o F Iy R
2o B SR TS (AL S F) KB E R R
B M % (Stevens 1973; Pratt and Casey, 1983; Joung et al., 1992 ; Joung
et al., 2004; Joung et al., 2005) - % (1998) P|i% 7 & #h3) = = ﬂﬁ%fg
gt BRA P AAFF TR o bAeF S EME AR B L
HELAFNE  FAFREL AR ML A3

AT EBB P B B AT 2B 4 A
MR RAAR D PREAFE(3 )RR 0 Tom e b i 5 (1988) k2
R - HFERABRANBEFFBLEAHE  RHP 772 L2
HBA - 2 AL AE ST AT A B AMEE fena) S
FRBAEEGEOPt HFEAIBEZ LED I PRI o

F Ll R A EF(MIR) AR F § FIRE & 5

F2 A PR RRe ERAGE P AREL o fTE R REE S
SR F AR Y ik A g B ¥ 4 (Beamish et al.,1983;
Brothers 1983; Calilliet et al.,1986; Campana 2001). -

R AFT ST “THREAE AL P AP MEBF

FPRESFE AR X % F A h 0 3 RERABRA, ST

\\g.

5

i
G

SEE o FHIEF T RBLFRF > A LR

>

|2
RpleEE LR o A AR ARG ERRL > CHFE IR
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W37 R G (4o6~81 ) » % 7 e e1F] 4 (Lessaet al., 2006)
A PR ASRBLBRIET PR BR A G gL g A e
28 o &t ﬁéﬁﬁ&@%fzé’ﬁu%ﬁ%@iﬁﬁ’gﬁi
Big b o 2T s M A TR I ARk u g
GRS TR h AR G E LR o
Beb s Lessa(2008) % 4 4 3k Ao R B E (AR - B )
A AP rF A hE B (Ao A B BARBER L AR
)P ART LT ESE - BFF(F- 0 R)FL Aot s FF RS
KXW eangn o om AT TR R A KRR FRLEIE LT 0 1 &
TRt B R 0w g P o #712 Brothers (1983) 3
PO FFPHRAEHPEEERF > AR ATz R FELY BRI TR

PR @ TR L AL AR RLFEE DA ERF -

AT EMIRZFERSLFVH T ABLREHy- 23,3 -
o Ao MIREY A% #7347 Bk »2~3 " FR|%
ITEM o MIREZIT 1A 7T, s MIR EF#i17> 04 7%
2 R|(e )3, = (Carlsonet a., 1999; Lessaet al., 2006) & /12 3 * 2. MIR
FRBEEB > A B AT R 2 HhR DA 3 1 p oI5

¥ Ee v o {25 Yabe (1950) #ie & BBITI G &b B i &
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FPER s g 8L 1 SR(F A2 ) ¥ 2t 2003 & 5 0 (RELBIFI - kP K

PHET AR (L2 17kg) THATLIp b S BRI AEL 2 A
Woa e AEA L o B Yabe 2 ta 3t 6 7 28 p TRERIF A
@itz 3o RF(D)A A A G - FRER BT EF AELE
QAfz 2 BHAFIFEZHREF i § LFHEH (od B~ §Fig ok
BEOBRBETFR ) QAL HEED T > A5 1 i AEPIF S Rt
ﬁiiﬁwb%%ééwwﬁiﬁﬂ’%u S B R 5 A

Fp#d el gz 4 P BR- 2570 1p o

44 IR EFHFER AT

AT ARG HF o ikt A P2 2BH A ARG H
thdficz 7.28%) 16 0 3B FHE A F L B(IAPE)E 3 3.27% - 4
WP WA EPD AP 2 T 5 RIAPE B Bt E R g fE e
Fyidsk kEFti - Lessaetal. (1999)2 77 7 S % 78 > G P
( Carcharhinuslongimanus) z. IAPE & % 3.0%> & 4% 7 % % 2. |IAPE
B Ap3 7 1% o E # 2. Wintner and Cliff(1995) 2 i# #t v p% #( C. limbatus)
G R R IAPEE 5 130% 2 3 i i % 2 |APE E R P & i1 7
FELood MPRHT AT Z ERITEA- REBPF B O FLELT R

LHEE BRI > AP FhiEARY 2 R RBRT G o i i
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F(multiplebands ) o - @ 3 0 EENF 2 GIERT HARER
L ATBEIZ Il o AP R R TR L RIE > 2 2]
B3 2 - Bl ? R HE T kR A

Lo A RFEHEE L I REMRTEATEAT Y .

45 HE RN 2R

AT R FREAESE S B ERIE S A A von
Bertalanffy ~ Robertson f= Gompertz = B = & = f2;% & dy it 5 4 L {05
B Al gz S LA TEFWREATERG SR RS
T{,ﬁ:;mﬁq;r.]fi,uﬁgqgw,i e (r?) kgl 4 BT AICE
KT AICHFFH B E * X ER BB g ] ot
= £ 35 o Akalke (1973) £ 7 » At f it 28kc#kP * B o st
PFo AICE 5 BB sEda 4 o

E Table3-5+7 M gm » 224 Efsd phh= B K489 P
kg chirt von Bertalanffy = £ = f28 e i 8k (r°) 3% > ® AIC B3
o Bl AFE 3R G von Bertalanffy 2 475N Bt AR A fBce 42 4 K
A0 bEd A E NP gAE Y TN L AIC B g L RS
7 4 > fe 7 Robertson & £ = #2582 rPE i AIC B4rdd o f5 it A48

=B FA52 450 4 Ap¥HE i - von Bertaanffy 2 Gompertz & & £ 3 fg3¢
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2. P2 AICHE L E H | > i von Bertaanffy & £ = 42.5% érfp b 1% e
Gompertz = £ * fg;' 7 & £ B > AIC B~ M Gompertz » #5 it ~ &
SR A2 0 4 A A& ST R HR & 7 von Bertalanffy = & = 4750
A R AL 2 4 Ao

B> =k a2 &AL 7 > von Betalanffy = £ =
A pp~ 22 2 L 2625 cm 2 231cm » Robertson £ i 192.8 cm 2 167.2

\Z_b,

b

cm > Gompertz & % 211.1cm %2 1824 cm- Fig. 14a, b & %] 5 = =
B - von Bertdanffy =8 £ 3 f2;% 9718 & & Ap ¥ 31T F v A & BLIPIRY
£ Hepd o £ 2 RN 9ri8 2 & LR L #5550 > £ 12 Robertson #7 (% ¢
A2 UM EEd TR )N AT AR CBRPEE P R SR
Feo ST0L AT Y 0 3E $ 02 von Bertalanffy = £ 2 A28 R U dg it A A

B FA L ALt

4.6 =& 3 230 % Fd2 VR LT

MR T AT von Bertdanffy = £ 2 485V ¢ dpd o2 LR E S
2625cm (314cmTL) &4 € 5 838kgem 22 4 2 & AIFE £ 5 231cm
(282cmTL) > &' £ 5 702kg o #* % % &2 Fishbase #riefi - + d &

A A fEZE b B X BLRIME (2 R) 5 337 cm o 88 € % 2000 kg (7] 4. 58

Ik

WERZFEER) 3 LAFE-EX VLB TR ARFE C(D)AFY
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&
J

TR ER AT A < S E Y 80119 cm 2 FF o F o B

AU E 2 da % (King, 1995) - (2) At AT a RS A

i%n\

Bdz afh 4%y A2 ARFGR BAER) FHA? L3
A TR A R R AT A A AR AR AT REF 2 RN

s ¥

ﬁr

¢ € F M iE ) (King, 1995; Bishop et al., 2006) - (3) % # 4.
2 EB#MG AR EYRLFNRERRK A P8 L AR 2 R
U £ e v (Bishop et al., 2006) - (4) Fish base ST A SR SN
SEHAPOORIFRALT NG RDEFE S AR AFEUE A FELAT
a2 g8 BAEVT TR I H ~RIERBMUEBRLZERE
EiE72 a8 H 2 K (Joung et al., 2005) -

NREARAEZR- f 5 WA ZEOET AR B AL (%
¥R o g fAE2 RA LG B > Gilmore (1983)4 ! 0 A B2 i
HHITA B VIR 2 URE P s ~ BLBIEE R 5 450 cm » Guitart (1975)*
TOIT A B IR PN~ BLPIRE & & 452 cm > Grey (1928)*t =
TR A ATELPIZ B < BEE 5 458 om o Bt R B AT T IR 20 B < LB
LA F 5 om £(1995) 5w g Pl &7 @A AR AT 2
BLRIREE S e d 422 cmv z2 4 357cm o PR Y i H s T T R 8 o
e AR b RE2 0 ARG G B FI(2006 )T Y A T 0 IR R BT
Y AFE AR E AP SN INE B ] o AT s e PR T e s
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e — AT i FER S P AR ST AR AERREFF O
A% E & B (Joung et al., 2005) ¢ ¥ ¢h 0 e it A AT T ARl A AT A
LEBFLGFEZ Y AT F LR AR R N T AR
% oo omid R RS LR oo

AT R EHEAY A REME T 195cmy 2 E 220cm #E

400kg> PP EE] N RFULHME CME 0 T L AT SR A S B Y -

Ms g X RBFIEERFLELLAE SR ERATA S R

Bl oo MEE A PERT TR AR E S BN T R D e it H R
BAEY RS B (% 1974) o s FUFREL S

LR enFp fdert s g -

Branstetter (1987) % 4-4f von Bertaanffy = & = f2;% ¢ ek & b
BT hz BER D k4 005-0.10/ yr 2 K A E E R fe
B0 A0 0100200 yr 2 B 5 - e ki Foenfdag o 2o A
0.20~0.50/ yr z_ R¥ iﬁ Al & = & Peid enfdag o

ARG ATEREE o pp sz kKiEA B L 0046 2 0.059 yro &
Branstetter (1987) e} .7 B3t E E R enfddE o wrp s 2B 2 4k
R E oA g ARR L E( A Lo=2625cmSL; 4 L,.=231cm
SL)e Vit F s ()47 i+ BR(158cm i+ ¥)E Seph o 22
RBIE > dept Vo ERepea £ K N T2 WAEUME chL B
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T (QAFL NP E AL AN 2 AR AP O RL @
VEARE AT R Aot g R (PRAME AT B 42-195cm > 2
A5 38~158 cm ) T4 A < nA B¢ 4 80~119 cm z FF( 73.13
%) ML A GHRP A S BRI 3 5 R - King (1995)4 7 - £
Y EAAE AT AL EN A AA TR AR H 28T i
ER MG AFTY THRP R o

d von Bertalanffy & & = 425 s7{8 % 22 4 2 ty=-1.852 > ¥ b 2
t0=-3349 v e g 2 LrF ARV i SUpAEE L F jﬁa Fl# AR » VBGE

SEARFT A S B BRI SR ATEL S A MR AL IR EE

oo @ty FRGRAITIE A E O £ 22 L gt i BLYE G i;jf’}}i‘fig AR A ]
Br s RATRE RBEATERIGT AR EERLFLHER
ferlird o M2 o d AFPIES AL AR RS T F N AEAD

2REAERLFAEEAEA AR S 2FL TR B AR
2 AL RN T ERA G RIS AR AFRPN AR SR
)

AETE PRt A bt 2 4 BRAYE L > K2 Ak - i

T UF B AR F R R EF 2 AR BRNT A

R A LR $E G HFLR(P<005) A7 AR I 24
PRZAELERT i3 EL 0B BRA BRFRLPE ~7
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NETRAEAMEA G AT FEAY BB N DA T

AL X 3

IT

AT TG P o MRS MR RARB A ANESIEE T B o
RS E AR IMETRFIZPAG FAKLE- HAdEHE

7

IZE

47 % Eig &2 A4

«D,.
2
(=
Ay
=
“."_")\\

# VBGE = £ & 4258 - I jigs (69718 &2 £ 82 pgapF

(=
I

e b & E 2N K

(=i

B0 Afp2 N K KAEEML 4w iR E T
FE AR A 0 6 RS 2 g F E s £ L FERRIR AT 0 3] 13
Eisvpd o R TR G B34 o d 20 k1L {s 0 #aﬁ:;:fjf;;ﬁﬁg
$qeo e 23k priR g 359cm/yr eh R Fom 2 g 16 kG 475
cm/yr s g F o Ft ﬁﬁtﬁ,&fv.éf’lé\i«l—iﬁ‘qjii'ﬁ A EEERG A
PR BEPBELRE ~rBRl s FAREEIRAA & o & A
Friad adarB 8% rpd 62 TISEEME S 96cmy Lo E
5 62Kg IR HERGHRATE ORI 20 A T TR T
FRPFE(EERITIME 80Ky PR BT R M ARIEA) G T A
FTEALFpAL ’%iﬁﬁvﬁéﬁﬁﬁﬁﬁkﬁiﬁﬁiﬁ%»
il B R T I3 KA T B2 SRS EBE P g 0 4D RBE A o

IHREF NI Aol 20 R B EE R MA A G DY HR A

‘E\*



TS R B R e E R e b AR A o

A8 ¥ 1WiE ik

AT RERET WA LA INAR 2 G Efd g g B <)
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Fig. 1. A male sharptail sunfish, Masturus lanceolatus.
(60cmTL, 7 kg BW)
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Fig. 3. Diagram of sharptail mola ,Masturus lanceolatus.
showing the body portions measured.
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Fig. 7. Standard length frequency distribution of the sharptail sunfish
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Fig. 8a. Relationship between total length (TL) and standard
length (SL) of female sharptail sunfish Masturus lanceolatus.
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Fig. 8b. Relationship between total length (TL) and standard length (SL) of
male sharptail sunfish Masturus lanceolatus.

65



200 4 Female
n=105 r’=0.987
BW=9.98 x 10 SL2**%®

300

200

Body weight (kg)

100 A

200 250

Standard length (cm)

B 9a vpid kel pt i € (BW) &R E 4 & (SL)2 @ [F M 12

Fig. 9a. Relationship between body weight (BW) and standard length
(SL) of female sharptail sunfish Masturus lanceolatus.
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Fig. 9b. Relationship between body weight (BW) and standard length (SL)

of male sharptail sunfish Masturus lanceolatus.
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Fig. 10a. Relationship between standard length (SL) and vertebral radius (R)
of female sharptail sunfish Masturus lanceolatus.
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Fig. 10b. Relationship between standard length (SL) and vertebra radius
(R) of male sharptail sunfish Masturus lanceolatus.
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Fig. 13a. von Berta anffy growth curve for female sharptail sunfish
Masturus lanceol atus.
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Fig. 13b. von Bertalanffy growth curve for male sharptail sunfish
Masturus lanceol atus.
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Table 1. The procedure of embedding. (Following Joung’s (1993) method.)

Deionized Ethyol t- butyl ) Schedule
Bath No. Paraffin
Water Alcohol Alcohoal (hrs)
0 100% - - - 4
1 70% 30% - - 4
2 50% 50% - - 4
3 50% 40% 10% - 4
4 30% 50% 20% - 4
5 15% 50% 35% - 4
6 - 45% 55% - 4
7 - 25% 75% - 4
8 - - 100% - 8
9 - - 100% - 8
10 - - 50% 50% 6
11 - - - 100% 8
12 - - - 100% 8
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Table 2. The specimens used in this study

Sex Standard length  Body weight

Year Month

Female @ Male  unknown (cm) (kg)
2003 Mar. 3 83~140 54~225
2003 Apr. 5 11 80~191 37~390
2003 May 4 13 5 81.5~132 30~217
2003 Jun. 2 3 3 125~141 129~233
2003 Oct. 2 4 80~122 48~145
2003 Dec. 6 18 11 47~125 12.2~170
2004 Jan. 6 10 22 68~195 27~409
2004 Feb. 1 180 340
2004 May 6 27~205
2004 Jun. 1 207
2004 Jul. 2 2 101~109 83~94
2004 Aug. 1 96 68
2004 Nov. 2 60~154 23~233
2004 Dec. 1 42 5.6
2005 Feb. 1 84 47
2005 Mar. 1 132 159
2005 Apr. 1 3 100 76
2005 Oct. 1 92 66
2005 Nov. 4 15 2 88~138 53~179
2005 Dec. 8 18 17 38~117 3.5~116
2006 Jan. 7 8 2 85~120 47~110
2006 Feb. 6 3 74~108 30~185
2006 Mar. 3 6 2 49~178 7~327
2006 Apr. 3 5 2 73~162 25.8~262
2006 May 7 2 107~158 90~248
2006 Jun. 3 1 112~158 103~255
2006 Jul. 1 o8 72
2006 Aug. 3 4 76~134 34~165
2006 Sep. 15 9 1 71~131 29~135
2006 Oct. 16 20 4 43~170 7.7~280
2006 Nov. 6 4 4 94~189 63~378

Total 104 175 92 38 ~195 3.5 ~409
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Table 3a. Age-length key of female sharptail sunfish Masturus lanceolatus.

Age (year)

SL (cm)

24 3+ 4+ 5+ 6+ T+ 8+ 9+ 10+ 11+ 12+ 13+ 14+ 15+ 16+ 17+ 18+ 19+ 20+ 21+ 22+ 23+ n
41-50 1 1 2
51-60 0
61-70 1 1
71-80 2 2 4
81-90 8 7 15
91-100 6 9 5 20
101-110 6 8 2 16
111-120 4 1 5
121-130 1 1 3
131-140 3 1 2 6
141-150 1 1
151-160 1 2 3
161-170 1 1 2
171-180 1 2 3
181-190 1 1
191-200 1 1 2
Total 1 3 11 13 9 11 8 7 2 4 1 2 0 1 0 1 1 3 1 2 2 1 &4

79



3. 3b. M Efsd iR G BME M %

Table 3b. Age-length key of male sharptail sunfish Masturus lanceolatus.

Age (year)

SL (cm)

I+ 2+ 3+ 4+ 5+ 6+ 7+ &+ 9+ 10+ 11+ 12+ I3+ 14+ 15+ 16+ n
31-40 1 1
41-50 1 1 1 3
51-60 0
61-70 2 2
71-80 I 9 10
81-90 1r 5 5 21
91-100 g 17 1 3 29
101-110 1 23 4 26
111-120 2 6 4 1 14
121-130 3 9 1 13
131-140 1 2 2 3 6
141-150 2 2 6
151-160 1 2 4

Total 2 1 1 3 20 13 23 26 13 7 11 3 2 3 3 4 135
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Fig. 4a.Average radius of each age groups for female sharptail sunfish Masturus lanceolatus.

Age n 1l 2 13 4 S 6 7 8 O 110 1l 12 13 14 15 16 17 18 19 120 121 122 123

2 4 714 11.97

3 3 6.70 11.74 16.53

4 9 6.51 11.36 16.22 20.72

5 12 6.07 10.82 15.50 20.28 22.93

6 13 6.00 10.42 14.78 19.07 22.36 25.16

7 6 5.83 10.13 14.49 18.37 21.87 24.58 27.21

8 9 5.57 9.83 13.82 17.59 20.91 23.78 26.33 29.13

9 6 5.53 936 13.24 16.92 20.38 23.17 25.55 28.04 30.31

10 2 545 8.65 12.02 1548 18.65 21.57 24.06 27.63 29.82 31.88

11 3 533 856 11.77 15.05 18.26 21.30 23.79 26.34 28.81 31.07 32.93

12 2 518 844 11.47 14772 17.89 20.89 23.46 26.22 28.62 30.33 32.72 34.37

13 2 506 831 11.10 14.34 17.15 20.37 23.08 25.82 28.07 29.96 32.06 34.09 35.99

14 1 502 826 10.83 14.21 1691 20.28 22.85 25.47 27.81 29.67 31.81 33.53 35.77 37.98

15 1 487 7.81 1039 13.84 16.29 19.86 22.27 25.14 27.26 29.23 31.56 33.44 35.55 37.78 39.88

16 1 473 7.78 10.25 13.67 16.01 19.69 22.02 24.88 26.98 28.98 31.49 33.13 35.27 37.39 39.48 41.11

17 1 471 7.73 10.17 13.51 15.94 19.46 21.87 24.65 26.76 28.73 31.26 32.97 34.83 36.97 38.93 40.76 42.59

18 1 4.67 7774 1024 12.76 15.28 17.83 20.31 22.76 25.14 27.51 29.83 32.27 34.46 36.61 38.59 40.53 42.38 44.97

19 1 501 7.76 10.42 13.17 15.82 18.44 20.81 23.26 25.61 28.05 30.44 32.77 35.15 37.55 39.84 41.84 43.66 45.73 47.46

20 1 5.11 7.87 10.56 13.24 1597 18.64 20.99 23.55 25.94 28.11 30.61 32.94 35.35 37.63 40.01 42.03 43.79 46.04 47.83 49.37

21 2 473 691 911 11.62 14.09 16.58 18.74 21.11 23.42 25.85 28.15 30.47 32.84 35.05 37.10 39.28 41.43 43.49 45.56 47.62 49.66

22 2 477 696 923 11.43 13.69 16.08 18.34 20.75 22.92 25.17 27.49 29.91 32.26 34.38 36.64 36.64 41.31 43.59 45.88 47.70 49.29 50.45

23 1 438 6.19 844 10.73 12.96 15.63 18.36 21.04 23.68 26.34 28.99 31.57 34.14 36.69 39.24 41.68 43.84 46.26 48.89 50.77 52.43 54.17 55.94
Average 83 5.38 8.84 11.93 15.04 17.54 20.18 22.36 24.74 26.74 28.63 30.72 32.62 34.69 36.80 38.86 40.48 42.71 45.01 47.12 48.86 50.46 52.31 55.94
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Fig. 4b. Average radius of each age groups for male sharptail sunfish Masturus lanceol atus.

Age n rl 12 3 4 15 16 7 8 9 r10 rll r12 r13 rl4 rl5 rlé6
1 2 690

2 2 634 11.8

3 2 647 1199 1747

4 14 641 11.59 1690 21.60

5 25 598 10.68 15.16 19.48 23.58

6 22 578 10.10 14.20 18.46 22.34 26.04

7 17 552 959 13.63 1749 21.21 24.82 28.03

8 12 544 937 13.00 1653 19.89 23.03 26.26 29.10

9 15 542 927 1273 1610 19.18 22.14 25.12 28.13 30.73

10 S 537 835 1146 1438 17.17 20.29 23.16 2594 28.79 31.39

11 5 516 833 11.22 1392 16.78 19.58 2247 2496 2747 29.89 32.30

12 3 511 817 10.83 13.34 1586 18.34 20.92 2340 2590 28.43 31.19 33.23

13 3493 766 10.18 12.65 1521 17.81 2045 22775 2499 2724 29.44 31.54 33.57

14 1 467 745 988 1233 14.87 17.36 20.13 2246 24.51 26.89 29.13 31.02 33.01 34.65

15 S 429 686 945 1193 1440 1690 19.42 21.85 23.36 25.772 2793 30.10 32.00 33.82 35.56

16 1 416 656 893 11.26 13.61 1593 18.28 20.54 22771 24.84 2691 28.87 30.79 32.56 34.43 36.27
Average 134 5.67 9.79 13.72 17.46 2045 22.80 24.72 26.33 27.87 2842 29.95 31.13 3245 33776 3538 36.27
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% 5. B~ #0114 % von Bertalanffy, Robertson 2 Gompertz spe = £ > fg;8F & dg ¥ £ 8
Table 5. Maximum likelihood ratio test on the difference between von Bertalanffy, Robertson and Gompertz
growth equations for female and male.

Function Hypothesis Residua SS X? df P
von Bertaanffy +=23 16780.3 48.919 3 P<0.05
Robertson =7 18710.7 70.965 3 P<0.05

Gompertz $=9 17701 60.688 3 P<0.05
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# 6. von Bertalanffy, Robertson, Gompertz = = £ = 4258 444 Efd = £ 2. 2§ 235 )
Table 6. Comparison of goodness-of-fit among von Bertalanffy, Robertson and Gompertz
growth equations for sharptail sunfish Masturus lanceolatus.

Female Mae
Growth Function
r? AlIC r? AlIC
von Bertalanffy 0.9964 309.34 0.9986 381.95
Roberstson 0.9962 312.63 0.9983 401.58
Gompertz 0.9963 310.93 0.9985 391.28
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