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Abstract

Age and growth of striped bonito, Sarda orientalis, in the waters off northeastern
Taiwan were examined based on counts of growth rings in the first dorsal spine,
stained vertebra and sectioned sagittal otolith. A total of 195 fish was collected from
the catches of set-net, danish seine and longline in Dong’ao, Nanfang’ao and
Chenggong fishing ports respectively during December 2013 and November 2014.
Body sizes of the collected fish ranged from 30.8 to 80.2 cm in fork length, and 0.42
to 7.69 kg in round weight. The relationship between round weight and fork length
was RW = 0.0128 x FL>****® with r* = 0.9729.

In the preliminary tryout, the first dorsal spine was discarded due to serious
vascularization, and the growth parameters estimated using stained vertebra had big
bias owing to the lack of daily increments, thus, the sagittal otolith were used for age
determination throughout this study. Daily increments on sectioned sagittal otolith
were read for fish younger than 1 year while annuli were read for fish older than 1
year old. The numbers of daily increments ranged from 113 days to 451 days, with the
average percent error (APE) of 0.81% and coefficient of variation (CV) of 1.05%. For
the numbers of annuli ranged from 1 to 5 rings, the precision was 5.30% in APE and
7.13% in CV. The length of fish that reached 1 year old was around 54 cm in fork
length. All data were separated at 245 days into two groups for fitting Gompertz
growth function and von Bertalanffy growth function, respectively. The Gompertz
growth function fitted the fish younger than 245 days was L, = 61.189 x el 2903

'0'181)); the von Bertalanffy growth function fitted the fish older than 245 days was L. =

84.015 x (1 — e 0322t 2074y ‘Back-calculated hatching dates span from January
through June closing to the spawning season estimated by reproductive biology study

of striped bonito in the waters off northeastern Taiwan.
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i e A AR R B AT A AT BT - AS 0 4o IATTC fe sk b h
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& R AR bonito o7 > Flpt P ook Fard g b R L kg EE
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2014) -
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AT A BBRES LT W ARATEE LR RS AR ARER 3R
BB d Y Y SR SRS URATR S R Y - BRSE (B
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B P F2 iR EEAPERS 0 E P10 A BRI e AR 100 5
FE 7% % (Appendix Figl) : @ j& B erip B8 %1 k5 > & 1996 5] 1998 &
B e & P AR > 2 fsbpbrw 2 B 3 2010 - 2011 £ < *5 3 21 & K EETIL
Er 2012 B2 (8hER A E BB IAESKE > UL EFREE TR
FARB PR RD RERE PR AT UG RE EORER IR T
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X
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Foy b foF £ 23k A 902 86% ~ 10%Fr 4% HR & o L RIF (8 T L
Beh goenw e d s » R ER NI P FATES ) FRARL I RIS
o d R B RFAE 2 RiR-ReEyr? ok 156 3 30 ~ 48 0 £ 00k

Go o FHRE R JCEOHEET (T U BB FHEBRIH S 20 %Y
8



Mather and Schuck (1960) s/ % & {7 o

223 B %

P EARE ZHEE > B 5#E (lapillus) ~ &5k 7 (asteriscus) ~
&k £ (sagitta)(Fig. 5) o #-depfzifz (s> peggh t 2 p? B d B 2 ¥
Flvep ey b2 s forpdnie BS o dRFR-DOT gEipis 2 3% % (vestibular
apparatus) ® 7% ¢ (semicircular canals)® ) » = B R E N &G - R
% (lapillus) » % ;% % (asteriscus)fr= % % (sagitta) it # je=% = X IReg ) p
B gpag e 2 HA FARB N 2 18 N BIACART RS MR EERRE S D 7
Trrgokie ¥ o EFLFRERY DA ey a SRR FR LB
R2_18 0 M KF AR Pedzie ~ 10%-=% & fa4p kA% (sodium hypochlorite)
W R tp) 0 4 B oG A AR g (Secor et al., 1991) 0 45T k4 s
-k (ddH20, double distilled water)iji% = =t » B 15 22 » 44 2 40C 7] 45°C g &
W - X LR TR 0 B R gE2 {5 1R F X = (CP225D, Sartorius)¥t = 3
FaufeE o BRE oD 001 F 5L BF SRR E (sagitta)fp 2 & 12 %
2B ER B B 4w F (eppendorf) o ek B-FlRAE D BT RE
EA 2 o 5d Pt a o apa bl ARt L AL R TER
w3 ¥ LR (paired t-test, females: t = 0.651, df = 76, p-value = 0.517;
males: t = 1.351, df = 81, p-value = 0.181) » & 71 = + B eh& k740 3 4L >
L3P ERAEd e AT D PR Ea A i ) S
L FRFEER R N 2R E Y N § A L

ArpHa @B 2 EOFRER Y 2 #D P FEEE S

MR PPRAL T S BER{FEDIP R MR TR
Ao 4% SR R M s (MZ6, Leica)sndiciz4p % (DFC420, Leica) 7 3.2

Bearcx B3 T R MBI KE RS Hy (EpoFix Resin and EpoFix
9



Harder, Struers)e 32 o 5 L #¥pdPa il » ¢ B RR - L5 2o r w412 45C 1
AR R RS R AR A - L S
Ao fe A AR T § A2 - g e B F RIS T BT iR
e L A P2 BFEAPF ST s B P g e T HE TS T
R ILABTCE S U A | PE s o 2R T2 (A B0 s AR B pcat (MZ6, Leica)
TR OHBRADHESO2E FRUSG NP TR X RGEEL BF R ik
# (Buehler Isomet low speed saw)'Z #f *» & (transverse section)en= m *» i 1%

= (Jenke, 2002 ; /&, 2009)

LEBF P LY g 2L Bd B 400 pm e B B3 PP
B G g TR ¢ B TRy AP EATE - S MR T 8k s g
TUABTCUE T S A ] P s R INAT (2 18 R BT B A § b rL A AR RE
PP EmFT VY REF /e (Metaserv 2000 grinder/polisher, Buehler)ig
FRT R Pk > L gofe 0 2000 BLR) MHTRE AR B2 0 R B B G AR
—JF% RLoFHF A BRIAY {41500 5Lp A B 1 3 2 45 F * 2000 5LF) A

234 &G R i 2 2400 LR KRB R Pl T L B A

Bris gRE& xR ook 20,05 pm ihE it 4Eds (ALOg)iE R4k o B fs * kL F ik
4 (DMLS, Leica)dp#& 2 7 e #% % +2w (Lewis and Mackie, 2002; &, 2009);

BB e 50 B Bed B 200 pm et B R GE - F ¢ MR 3 R
(Permount, SP15-100)+ gt & + » #-8 7 Bzt 3 32 ¥ £ /F - /F Permount
BUERTRY L FPEABMAE N P ARIRE IR > RERFERICER
Ko e s FR T R AR P F L E otk B ksl (DMLS, Leica)

TR 2 R o

i?%ﬁﬁﬂ@ii%ﬁﬂ?ﬁypﬁﬁﬁﬁ@%’ﬂﬁﬁﬁﬂﬁg¥ﬁ%

ZAER I X E R R F ST R R0 D FRRE R B
10



WP R BHRARS BRENA R BRI - FR xS Y
Y - B RERHEd N LR 2R MRS > LB R R
AR RN E B A E Rk Ea g AR AY 0 28R 7 A

PP SRR Y WU E R Y S HGF T 65 F e

v

S e mpEd A PEAF R FI VUL EIRAT kP I RELY

\:1

DI K Ap e wpE s Reg i E R TR A B DIREEE T LY 7 e m
SR AR R E e o n A B AAPHALPREE B S i S
HFFL G v F A EFAECRZINGFENHBRE P M EFEERE P
AP TR PR AR T By S EOE AT R
o195 kA RSB 02 BR R E Y BF S S LB RN T
FOUEARY R HIPCSAERF I PRI EIRARG mA PR

}iﬁ‘g—""l‘}i’fiﬂ\ erE‘.f‘r*?H ?, é‘o

Bfpend B A 7 R 2 18 SN EEACELT B RAF IV Al h7 Ak
(Fig.6) » 4l Z b A fiens TFE2 R £ g # < (Shimose and Ishihara,
2015) > B B0 5 ¢ gL & 5 K b (ventral arm)fe@dh (dorsal arm) 2 £
fht EP FEIEPF S RBEFERIH B R antid oo ik B

BEFGh? e Bl PRI ERIpR > A - FFS FEP Y -
EE PR AP RS e e k0 100 B & 200 B A s B Ak MkE T LR
o FEBIPHEDAKRD P AWK X P 400 B ek B
PR Ep W EcP B % 0 1% 5o Image-Pro Plus 6.0 » f3c~ & % % 400

e zR P I Repmhiz S FPFE gL ER & RE T o

"Zﬂ

100 % 2 200 B ec < B Ffp R Y Edndc B Y F o R h o pl
11400 Bkt B FELE e L T R - ERROP TR Y UREY - F

ER A o) A - EapER AT AN L -

11



AFTREBER T R ML R AEF P B Ak EERET SIS
¥ T dpRRis > g8 Image-Pro Plus 6.0 € BI4% < I % — P $henfEdE o d T2
FREDFmREERREDPMEL w5 RSP AESL & (Katsuwonus
pelamis)f- 2 & (Thunnus thynnus)z. p #5% #3% + (Kayama etal., 2007 ; Itoh et

., 2000) » R AR ND £ G B E I > TR PP Fi- TS A - X FE
HEAB{AOETTE L HAFAFEFTREENDETF R O KRHE

P>l e ret

B-E I TR Y (S 0 R 2 Image-Pro Plus 6.0 SRR £ 1 T K - HhE
SFEAE Y E E G R B T A d Pen f ST E 2B Y F G PR
HERP AR A gL Niodp) RSB e ¥ b o8 B A T auf
GABEP A L2 EPF 5 12 RMD (relative marginal distance) k48 5 7 &% P ¥ 4
R g R FET - EA - EAFP A TR B DT EE T2 E

(Panfili et al., 2002)

RMD = 222 0

ii—-1

AMD (absolute marginal distance) % s {s — 1% E P F 3|2 7 B e > i £ &
- EFEPF Il A IS EAEPY DA BREAEREP Y F

e o
23 FHRA

PR Ak B (S ST T R RAP B iR R § b B E R R R R

HE T ECAEIEDN S RS L RGO HBTIA T EZ B P o

12



231 WEMEMR RS

BrpiEfR Ak R &

™

(FL)Z2 #2€ (RW)4 5] e ﬁf,—;‘-& 50 5 E R %N

RW = a x FL?

(2)
RW £ %8¢ FL & E* £ ;ab i frfico vpze e £ € B (250 & w0
2 {6 £ * it # 7_likelihood ratio test #& 7= ¥ %

232 BEHFFHAMERE 2

2_ M %

12 Image-Pro Plus 6.0 #x 48 /p| & 2

£ 3 7 L= (otolith radius) -

W FELE

I £ 3] 2
8. £ s eriedg (Fig. 7) 0 41

s

\:1

FLIEZARE OB R by )
* B A Ep’?ﬁ%?ﬂ FEEZME M R T s+ (Analysis of covariance
ANCOVA) 1 T gt 2.

fI* & = & 5 (AGR, absolute growth rate)fr4p ¥t = & & (RGR, relative
growth rate) » LA &R &% AP hF R EF R - NG HFEFEFI R ]
EBAE G A e F P EAAEAE S U AR kel s 7

T
i 248 (Prince etal., 1991) 2 7 e & #£2) B = £ St g (Panfili et al., 2002)

AGR = St;i—Sti—q

3
ti—ti—1 @)
_ Sti—Stjq 0
RGR = —Stix(ti—ti-ﬂ X 100% 4
Rt B ehp s X2 B RE B Y 5 SHE R

2% AT oL > At

Pl 2% i eRmBnTiop&o

13



2.3.3 E# W i

EABRELHEAELFHHBEAT LRSS F S XL F LS BRI LS

&

5

» KA e
SN N ] B

b
Rl

G T SRR B N X F gk Ak

W

oo ik = 0%

i
%m

rb
]

N

J%W%@’ji”WQQF”&ﬁiU‘O?Mhiﬁﬁéﬁﬁi
(APE, average percent error) 2 32 5 £ %% (CV, coefficient of variation) k =15 |

3 ki rr B (Beamish and Fournier, 1981) -

APE = 100% x ~$F., (5)
J
ZR Xij— X)

CV = 100% x = I (6)

F? O REATEAF DT XA 75 I BHRAT DX HF hE XEIJ

Frw JBHRALHFHNOTIOEL o

BB LE AR ASEEAAIF AR BEFAPI VO RFTN A
HFve £ ¥ by B0A 5 F H RN AR A G BB R o) WA B2 2
BRFREMRETEAIKIpR RO FREA T ERAH DR REFpI

o D o W R -

24 B E AN 2l 23t
WA PP YRR PR R PTG AR e & 3 423 (Prince et
[.,1991) » F]pt A 3 B A E G HF £ F (AGR):F;HW%:N EiFfme &£ &
BB AP TLEITEER R A Y A2 4 0 £FF 2 Gompertz 2 von

Bertalanffy @ f& = £ 3 2N R 2 2 A 2 X 43 3 RO L > SR N3 B

14
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J1 %

Pt S ens £ 0 M2 2382 £ S8 ¥ 41* AIC (Akaike’s Information

Criterion) & & b i B =0 £ > F235 4 %) %0 G 2 2 4 3 FFECenE 3 750 B fs 1
likelihood ratio test #& % % & 22 = 4. @ BFFf? vpzez BFEF 3 BFLE > il

LE A M A f TR A B 1 4 £ S (Kimura, 1980) -

1. Gompertz = & = #23% (Gompertz, 1825):

L, =Ly x ee ) )

Li“ 2370 At RO ER £ [ LN E2 UL St 228 1537 4

PWEZOFIEAES G E F & Bheagep £ % o

2. von Bertalanffy = & = 423 (von Bertalanffy, 1938):

Ly = Ly, X (1 — e~k(t=to)) (8)
L %23% 0 At RPFOER £ Ly M &2 UME St £ E8 ) t) 5 3%

ARE L OPpFaRnER kN A SR e

3. AIC & (Akaike, 1974):
AIC = -2InL + 2p 9)

L & % fic58 2t A ande + likelihood & > p & ¥ #ic o § = 258 T AIC 4%

b RTINS EFREPEER -

15



2.5 jufzmiv p gy
ﬁ%iﬁﬁﬁﬁﬂﬂk%B%H§Mﬁ%&1@tﬂﬁiEﬁ“ﬂéi%—
EWRR PR YT R RERADECE S IR p Y PRa RS b

BT %% (3 02015) i > % MR P BH2)E 2 Barfd o
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31 E®A T e HE L

HEEOT R R B R R PR A E AL R R E
- eFRE ol R0 Wla =8 AR ME T BREFRERE DR
Bef(Fig.8): R 7B Wi 2 f4 Qi L FHMETREHY 2 P 7™ FarT
LA EftEEEd WA G TT IR AT RERR T LA ] Y
AW TR LR o B o b et Rl AT hE R T TG frih i 2

-

32 #ri B

AT - R B R 195 & 0 HARE FF S 308 24 1802 24k
AL e M22n s e AMEAAE (Fig 947 L BME FRA G 42
DA P56 A B X 146 AT 48 28 S B T B4 042 27 3
7.69 2 T 2B o vp g R E o 5 30.8 24 P 80.2 24 TiogL 5 5142 2
A (N=93); @ s h PR E B 5 357 24 3| 725 24 > T E 5 5007 24
(n=102) (Fig.10)- ¢ & A8 & 1 0.42 2 7 5] 7.69 2 7> T 398 € 5 227 2 7 ;
A MEFFI065 2 TH 52T 0 TIME S 1992 T o AR R T
& fh R A 2 vpse B G5 0911 Bt (MR & e fh A R B2 v B)) 5 048 #
HFRAMERES LSRR OBRKALT BEI A RF Y Sp2 Pt ¥ G
Ll @ % ke kihkthiir § aBu Bl RREEHETLTHEF

18 (f*=501d.f.=11,P=0.07) -

33 WMEMEM %
Prg 2 RE R E B 255 5 RW=0.0132 x FL3%%, 2 = 0.979 (Fig. 11a) ; % 4.

2 REERE B %55 5 RW=0.0116 x FL3%2, 2= 0,96 (Fig. 11b) o #i¢ i
17



likelihood ratio test t& T 2 {5 » & % Bfom d gk enk 1 K AR E B (50 Avpiez
o

P HEFALR o (=1343,df.=3,P=0247) > Fptkrpe i EME FALL

B @I 2 AL ER BN e
RW = 0.0128 x FL3%% , y2 = 0.973 (Fig. 11c)

34 ¥ #8230
wﬁm#ﬁ%+EAMmeS43\w’mm%m% s 6 TR 2 d o
fmAEEAREEREEI FREF A I R ARET g kYo
BH St R R Mk e (Fig 12) F 7 & F o X icip b o Ft
Apedd - ko od RiTP g e g HAr §FAE I - R
SRR R A G e d p B FizE (Fig. 13) %¢n%%?§T
M= F R PFE - e - i g AR N EALIET T R G -
AT AR el R AL B - Efh RA ks FHROIRAD 2
P B RN ST, - BRI AETY A G- Eoa T - R
4 AERFYL - B m A ERYED LT - R E A B
EAE I R R D RATERR > T A TR 25 v A PR G e R e

S Asded i d BT - SR BT E (n1=32) -

AR RFT BB A AN LFAI LG ERIGE S5 0]
G c BT Rchi gt B9 £y BLE BRI Rk o drpil
BAB o pR ST B9 LSRR 0 £ £ 308 24 5] 689 24 &
WS 0FIBA AR A2 F TR £ PR 357 247|653
DA EEAFEE 0T 3K HRHF R - ReNT B A R AL

$F A T P H 2 B - oo

18



358 7 &k g Edb R

3512 FFHAME ML 2 Mk

N

Mppipgoehk R R @R p L (Fig 14) 0 2 HEH D 7 € £ e fFH G0

Fig. 15) » = ANCOVA # T2 (s repsez PR B B 7 L 02 sw jF R 4
g F F

23 HELR (P=0567) MELD L e i fFM a7 i) HELE (P=0.124) >

L2 B 755 OR = 0.0346FL + 0.2953 (r°= 0.759)

s
VRt £ 2 WE SR F £ R 2 i fFM %55 OW = 0.0011RW + 0.8069 (r* = 0.811)

Table2 (g7 & p #& % B ehB 42 £ 5 (AGR)frip¥t= £ ¥ (RGR) "g¥ p
B e @ bEbrT 'F chAB Y (Fig.16) 0 5d ANCOVA s 2A 77 epie2 Y p &
SRR LD GNRIEFLE (P=0687) Rkt AL HFEFY (R,
2015) > v 4 en50% = R R £ 5 478 a8 > @2 d e 50% = 3 E R £ 5 43.8
Do B A D R R g £k 3T 355 0.075 (cm/day) 5 @ 22 gt AT T

Wi Fla L) dehp iAo Ay E2E -
352 B gz K
AR %I A F S BB E D)L EAFLE (OR) 2 7
T8 (OW)frk = £ (FL)= B % > & wl4e™ (Fig. 17):
OR =0.0034D +1.108 » r*=0.723  n=35

OW =0.0115D - 0.2444 > r* = 0.82 » n=41

FL =0.0823D + 25.935 > 1> =0.908 » n = 42

19



353 MBR E Y ¥ 2 s 2 &8

Wff- £ FZHB L AR RN B AR BT SR A ffE
BMasT By SRR Rl 7 g Rlvee (Fig.7) > @ N RlG ¥ g - 0
FE B RA T HE S BE MRS N ARFRETRERZEAR 2R 0 &7
it Rx T

AL I F LA o2 B A e (Fig. 18a) > @ thw

;_é
Pl EAGEE P A {3 BP0 A 2T FSE (Fig. 18b) » " ¥ & #43 4o @ M & A ff o

* 4 B EdEY s 16 7] 24 um (19.56 £ 1.08 um S.D)0 = B € 5 T % - iFF 5
dEd s (Fig. 19)d st B4zt 8 p o ~ 73982 B8R ¢ bnbrge -
E D% 35739 (S  HarR o I 2 G B cnpE ) © L (Fig. 18a) -
AFHRPD I F AR R RN P - AR AETP B ’ir%ﬁ‘uiﬁi .
BAF N2 B HF iAo B3 A2 B AT P #2IF 2 447 (Fig. 20a, b) > B %
4o Table3 #757 » 2| 2 A B2 £ 435308 24 7] 595 24 2 [ » p #h2)3f &

%BMG%?113%E‘J451%QF§ y B R ‘Ei}%-}jsll- 4\40\%_&@/]/%—_}% 5

AFPTRFHEF LB LHEAY F REBIH SREF AT FDERLT €5
- RN EPF S P HRIGEF RS - A B A Y AL - Eood gt fe
LR S 1 %ﬁ#‘é%f -~ EFEP A F S EFEP AP S A SEARE TR
RIAR G- 0E2 ZP 4 > 23 r BElpant 57 » 2 aE iR - g2 e
FEPF ] BetE (Fig.2la) > 1945+ T X2 8 7 284 < p  (Shimose and
Ishihara, 2015)#% 3] i ¥ % - 152 5P F ¢ &% — #4725 2w (L™ inflection) »
modARE B - AT R < K AERdy e 500 B 700 um =% 0 B - iR EP
FimE e A% - T2 18 (Fig.22) 0 R % T s ool & PR gy o 04
ALHRAGTEF A FEBRTFEIRRRARR > S 2 F ek
AR 2T AR o g s

s B TR R M R @I A2 8L 0&TI5& (Fig. 22, Table 4) -
20



BEEHAH LS R e G AF 52 EP Y TRAEED Pt A

THEEFEMBI  EHREPH A2 ATH 2 Da A FG LB I E AT W
AErNT - R EHBRPYPRAATE LS DL EG LB A BH - E

b

Bomh A S Y o B4 TR -

&

T2 EiEERpPHEI T E Bl

B

G0 BRSE 12 B0 0 kRGN nE R G B St
FIESL Bl KR et E P 4R T XL mE 7 g# £ (Shimose and

Ishihara, 2015) - ¥ ¢t > d 35 6 % ~8 7 ~10 % v 12 " X5 & F P23 5 - &
A k2 A FR R RG TR S E A (RMD) RS %

(Fig.23)» d 54 - BRI EP TV ABRFYALIE? B o

36 ##HH AR

88 ke #h kA fnE M2 ¢ 0 TIOF AL (APE)enT 30 L 577% 0 %
P s (CV)enT3aiE 5 7.49% ; 153 B R 727 3~ chE g2 2 T 357 &4 %
LT 3o % 530% $B Gl T L 7.03% 42 BR L PR AP B2

WHTHE oL nTEaE s 081% 0 ¥R GlknTimE 5 1.05% -

3.7 & 3 A3l
371 ¥4&

Fid ez %% 5 034 %> 4% von Bertalanffy = £ = #25% % 2 g &

»

ﬁ!ﬁi.“l Flame g o LR (Fig24) 2 » 2 & > 582 702 & . S8 Ling =

193.121cm ~ k= 0.05 yr* ~ tg = -5.461 yr »

372 B %
AFtg 4wl von Bertalanffy fo Gompertz & & & & = 25% % £ if & f5
BB G EBRAF I EFR T B AEF (AGRBEE A £ F2 it

L BRI P ek 230 ® 3] 260 % 2 F v AGR 7B Ap #3200 % 3| 230
21



T2 o P AT (Tablel) » #acB~? FEiE 2 245 A pF 5 2 B8 o F L&
PREE 245 X b P TR cE TR S B A U FA A L S N DR o
BFULAICE A ] s § hE i R o IRIpA P fe2)af & 245 2 000 Ry
F_2 von Bertalanffy = £ = 42358 0% if & #2450 4 F 2 likelihood ratio test #& ¢
22 BFEEF RFALRE (Kimura, 1980) » gz 25 Bg% £ £ (P=0.09) ;
FobR g 5 245 X TP TR A WA A A K G RN R T
et AIC Ben ] Rk aie § B R - B R Bm 5245 X T P R
ALP 12 Gompertz = £ > %58 (0 E G A2 R RAF 0 Fix F £ 2 likelihood ratio test #
VPR E I HEFAL FM 245 X T 2 pihhrp BRI BEEL

£ (P=0.799) (Table 5) -

d 3245 % 0T 2 PRETARE 245X 0 b 2 T ERRZ TP YRR
RFEFLR > A w#245 2 T epeap B S # 2 ~ Gompertz & &
AR50 5 K245 % o bepzpenp BFT RS E T4 S B £~ von Bertalanffy = & =
A2 0245 X T enp TR & & 18 17 3] Line = 61.189 cm~G = 2.909 yr'l\to =0.181
yr 5@ 245 X 11 0P S F AL E BT AL & B 15 8 F) Lin = 84.015 cm~k = 0. 322
yristg=-2.074 yro % % 4 Table 5 #7757 » e {4 £ %3 £ 4258 & & (£ @ (Fig. 25) o
245 = 1T 2 p s £ oAt

(_6—2.909(t—0.181))

Gompertz L, =61.189 X e

245 2 011 2 PR TR E R TR L B H L 2

von Bertalanffy L, = 84.015 x (1 — e~ 0:322(t+2.074))

3.8 & PERT A THEN P
AP URESR TP R kw i wi p oy w R A p e 2

SHH P RRL At - 2o RB- R TR 2R A p e i i

22



PY o BERAGS AR Y IEAF L1560 27 (Fig. 26) A & (2015)
EFd R B FEP T R RFRAEDI AT E S 11167 i p I

P A 5B T E S ReR £ o
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Srd i

41 HAFHRZAH

AETTHEREZRALE BR %%@A}x’r}: Y 42 & 356 o a2 o H PR
TLA6 AT A8 XA L B o g A Tk K L 5072 24 (Fig. 9) 5 ¢
ATk £ 514224 (n=93) 4 4T e R £ 5 50.07 24 (n=102)
FHRLEFCtest A UE A TR L2 ELE (P=0.1227) @ 435~
iRt 7 Lepa (Fig 10) > - g% & Ly (2,1987)F 40 p cddt - 2 @
AL T2 TIER REGF T 2 SRR B Y Y PR

EMEMGT LR PSS L BT R T A EEE B B 2P RS

Pl

BT SRR ARE AR Y DR E R A RY TR A S LR R

o R R EA ke H ] A

Tonlppip ] LIS E Bt o Fig. 27 fror 0 TIOR3 M E A 1550 2
BoxX AT EREANDTOr oAy 2027 2 30 g Il 1 4F
272 302 TiofE . BEr 2 EMFEI ST DY E NG X 2 (SR Akl A

RLbpbrsg ) > A AL P R B DA B K2 fh (0.8 &4 )HEAF AT 6 0

w

Jedlehs m AE X2 THER L X nry 2 > 8 TR A 1P X BAsB e

T

B - BRI (19875 T R ARE c AP THRALE P RE R
Uik 0237 LA AR AR P 2 i ) 0 P h AT R jediiR A EAR
BB TG AR B A R RPN MR h € A
SPER P D FIMAEGTA e RE RPN LT R AREL A AR

S LGk EA R Lie- K] kg

Pt

42 E#AF2LEZ

dt g MR EE S R A Sow A WHE TR AT R
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Ed 2 £ S ¥c (Sivadasetal., 2012) > Flpt 2= 74 ERE U @~ F ek 2 B
- paﬁvﬁ:sf_f%k » L ﬁ&fa—gﬁxﬁ & s ﬂiﬁmﬁéﬁ&z\ £ PR 20 EEAG T 0 R0 5
MR ERTS FEESEELF AERT 2P LAWY L LE
PEEEFAMO L ANE P ALY EFRET A G Y e b
(Bagenal and Tesch, 1978 ; Johnson, 1983 ; Hill et al., 1989) » F]pt ig * & #4255 &

MGG ELAL > TP AR TR ES RS R

421 %

Tz A pAp A o fed gt a T REFFBE LT 7R WHF A F
Bty o FIM AT Y 2 A0 R A AT REAE LT 2 B R o R > A A fReD
SRR E R B AR E U I g T N R G P i )
#irif 4 (Casselman, 1983) 0 f i § »c2|3 3% 1 » e i > A © AL 4 fon
[ﬁ% ¢ 7n 3 3T R R ek 42 (Antoine et al., 1983 5 Johnson, 1983) > f kAT ¢ #rER

BT M RE PG P AR SRA TR UH RS ERAF o

422 ¥z
PP EAAFI AT AFFE R IAERFT LR GEL S 2
WA E R R RS 2 (Berryetal, 1977) 0 i g A AR L F
e EEEIGEEL L SO AR Y BEF Vtg b s B
Boblde 2 g 4 2 48 (Mather and Schuck, 1960; Farber, 1981; Gunn et al., 2008 ;
Batts, 1972 ) 2@ > ¥ {2H 4 ¢ gk it < > & =x Alizarinred S 4 & fie v
Bl~Hd PR aREL A W E e LT E o A EARE - B
(A F R TR AN T IS F1 R (Berryetal, 1977)% % o RV L g R I A
RER LS R P A EE R R - R

#
K S iﬁi&%’}ﬁ" R T s b ’Em‘*% Rt gﬁ}; ;ﬁ‘i—‘; °
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AL R BBEAMI B AL D L B BRI FRE
8l & » HY o2 d 30k » 224 42k c T enT EGiER S 22 18 -
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Fig. 1. The Nanfang’ao fishing port (24°58' N » 121°87' E), Dong’ao fishing port (24°
30'N » 121°50' E) and Chenggong fishing port (23°10' N » 121°38' E) where samples
were collected from the catches of Danish net, set net and longline respectively.
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Fork Length

Fig. 2. Measurement of fork length (FL) for striped bonito, Sarda orientalis.
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Fig. 3. (A) All the spines of the first dorsal fin. (B) The site of dorsal spine where

cross sections were taken.
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Fig. 4. After boiled in the hot water, the muscle and tissue of a sample can be easily
removed. Section 38 to 42 of the vertebrae were used for age determination.
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Sagitta

Asteriscus

Lapillus

Fig. 5. (A) The sagittal otolith under 12.5X dissection microscope. Sagittal otolith is
the largest otolith, many age and growth study use it as the material for age
determination. (B) The other two pairs of otoliths under 25X dissection microscope.
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Fig. 6. The ventral arm and dorsal arm of the otolith. Annuli were read along the
ventral arm.
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Fig. 7. The otolith radius of striped bonito, Sarda orientalis, measured from the core
area to the edge of the otolith.
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FL: 52.8cm, female

FL: 46.3cm, male.

Fig. 8. Dorsal spines were discarded due to vascularization in both sexes.
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Fig. 9. Length frequency of striped bonito (Sarda orientalis).
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Fig. 10. Length frequency by sex of striped bonito (Sarda orientalis).
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Fig. 11. Length - weight relationship for the (a) female, (b)male, (c) sex - combined
striped bonito sampled in this study.
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Fig. 12. A vertical section on a stained vertebra of striped bonito.
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Fig. 13. The wide band and the 1% annuli in the stained vertebra.
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sex - combined striped bonito sampled in this study.
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Fig. 18. (a) Otolith increments under the microscope using transmitted light, showing
the opaque zone and the translucent zone. (b) Core area under the microscope using
transmitted light.
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48.3 cm FL , female

Fig. 19. The first daily ring shows up in the distance between 16 to 20 um from the
core.
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(b)

Fig. 20. (a) Counting path of the daily increments of a sectioned otolith. (b) The view
of the ventral arm of a whole sectioned otolith.
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Fig. 21. (a) Annuli on a sectioned otolith under 100X optical microscope. (b) Annuli
on a thin sectioned otolith without grinding under 100X optical microscope.
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Fig. 22. Annuli for sagittal otolith of striped bonito. (a) 2 annuli, (b) 3 annuli, (c) 4
annuli.
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Fig. 23. Edge analyses on sectioned striped bonito otoliths in this study. The numbers
above the bars are the sample size.
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Fig. 24. The von Bertalanffy growth curve for striped bonito off northeastern Taiwan
using stained vertebra.
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Fig. 25. The Gompertz growth curve (fitted for fish younger than 245 days) and von
Bertalanffy growth curve (fitted for fish older than 245 days) for striped bonito off
northeastern Taiwan using sectioned otolith.
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Fig. 26. Frequency distribution of the back-calculated hatching dates estimated from
daily increments of the striped bonito. The numbers above the bars are sample size.
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Fig. 27. Monthly mean fork length by sex for striped bonito (Sarda orientalis).
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Table 1. The absolute growth rate (AGR) and relative growth rate (RGR) of striped

bonito, showing the decreasing of AGR and RGR with increasing fork length.

Estimated daily  Number of fish  Mean daily = Mean FL AGR RGR
increments increments (cm) (cm/day)
110-140 2 122.5 32.65 X X
140-170 4 146.75 35.93 0.135 0.376
170-200 1 197 41.9 0.119 0.284
200-230 9 211.11 45.01 0.22 0.49
230-260 9 247.78 47.61 0.071 0.149
260-290 7 281.57 48.67 0.031 0.064
290-320 6 302.5 50.53 0.089 0.176
320-350 1 329 51.1 0.022 0.043
350-380 1 356 53.4 0.085 0.16
380-410 1 382 58.4 0.192 0.33
410-440 0 0 0 X X
440-470 1 451 59.5 X X
total 42
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Table 2. The absolute growth rate (AGR) and relative growth rate (RGR) values by

sex of striped bonito.

) . Female Male
Estimated daily
increments Number of AGR RGR Number of AGR RER
fish (cm/day) fish (cm/day)
110-140 2 X X X X X
140-170 4 0.135 0.376 X X X
170-200 X X X 1 X X
200-230 5 X X 4 0.218 0.231
230-260 5 0.066 0.139 4 0.08 0.168
260-290 4 0.024  0.05 3 0.04 0.081
290-320 1 0.076  0.155 5 0.06 0.119
320-350 X X X 1 0.01 0.021
350-380 X X X 1 0.085 0.16
380-410 1 X X X X X
410-440 X X X X X X
440-470 X X X 1 X X
total 22 20
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Table 3. Ages of striped bonito by size and sex as estimated from sectioned otolith.

Fork Female Male
Length Estimated age Estimated age Sample Estimated age Estimated age Sample

(cm) (day) (year) size (day) (year) size
30-35 113 -132 0.31-0.362 2 none none 0
35-40 141 - 153 0.386 - 0.419 4 none none 0
40 - 45 201 - 211 0.551-0.578 4 197 - 209 0.54 - 0.573 2
45 -50 224 - 294 0.614 - 0.805 11 210 - 285 0.575-0.781 10
50-55 none none 0 292 - 356 0.8-0.975 7
55 - 60 382 1.047 1 451 1.236 1

total 22 20
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Table 4. Age Groups of striped bonito.

Female Age Groups Frequency Min.FL Max. FL Mean FL

0+ 56 30.8 53.2 45.25
1+ 18 534 58.4 55.54
2+ 10 58.5 62.2 60.54
3+ 4 67 69.3 68.45
4+ 3 69.9 71 70.4
5+ 2 77.9 80.2 79.05

Male Age Groups Frequency Min. FL Max. FL Mean FL

0+ 72 35.7 53.4 47.06
1+ 22 51.2 59.5 55.25
2+ 4 58.7 59.9 59.18
3+ 3 63.5 65.3 64.7
4+ 1 72.5 72.5 72.5
5+ 0 none none none

All Age Groups  Frequency Min. FL Max. FL Mean FL

0+ 128 30.8 53.4 46.27
1+ 40 51.2 59.5 55.38
2+ 14 58.5 62.2 60.15
3+ 7 63.5 69.3 66.84
4+ 4 69.9 72.5 70.93

5+ 2 77.9 80.2 79.05
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Table 5. Parameters of the von Bertalanffy and Gompertz growth function for striped
bonito. According to AIC value, von Bertalanffy growth function is suitable for both

daily rings and annuli. There are no differences between males and females in growth
using likelihood ratio test in both daily rings and annuli.

Growth Function Linf KorG to AIC p-value
<245 days
Male  von Bertalanffy 68.86176 1.70713 -0.03424 38.53969
(n=20)
Gompertz 61.55045 2.88332 0.18341 38.37573
Female von Bertalanffy 68.5052 1.70467 -0.03893 30.47626
(n=22)
Gompertz 60.2882  2.9984 0.1779 30.10891
Total  von Bertalanffy 69.49583 1.65714 -0.04173 63.35439 0.798
(n=42)
Total Gompertz 61.18913 2.90909 0.18125 62.90916  0.799
(n=42)
>245 days
Male  von Bertalanffy 73.2636  0.5097  -1.5263 189.2412
(n=48)
Gompertz 724076  0.6075  -0.9191 190.7657
Female von Bertalanffy = 83.81 0.3434  -1.8825 264.9904
(n=62)
Gompertz 81.7191  0.4445  -0.8468 267.724
Total  von Bertalanffy 84.01489 0.32201 -2.07441 454.8748  0.09
(n=110)
Total Gompertz 81.8575 0.4178  -0.9705 459.0112 <0.05

(n=110)
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Appendix Fig 1. Monthly landings (tonnes) of Striped Bonito in Dong’ao set-net
fishing port, 1993 - 2013. (Lu, 2015, unpublished data.)
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Appendix Fig 1. Monthly landings (tonnes) of Striped Bonito in Dong’ao set-net

fishing port, 1993 - 2013 (Continued - 1). (Lu, 2015, unpublished data.)

77



Landing (10° tonnes)

100
80
60
40
20

100
80
60
40
20

100
80
60
40
20

2009 2010

100
80
60
40
20

;:I\I/IAIVIJIJ;AISOND JFMAIVIJIJ
2011 2012

100

A

S O N D

Month

Appendix Fig 1. Monthly landings (tonnes) of Striped Bonito in Dong’ao set-net

fishing port, 1993 - 2013 (Continued - 2). (Lu, 2015, unpublished data.)
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Appendix Fig 2. Annual landings of Striped Bonito, Sarda orientalis, in Dong’ao
set-net fishing port, 1993 - 2013. (Lu, 2015, unpublished data.)
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