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1.1 HEARE

K B A HE RS A R A 2010 4F 8 H—
2013 4F 1 A &% 2018 4E 8 H—2019 4F 1 A FRE7E
HA AR RS- 1 4 4 0 S 48 4 () e T R ), TR
il 175°W~105°W . 10°N~12°S (&l 1), BRIt %
PG AR PRRR R S AR R R, TR —
g FIP e RMHER 1~3 A HEE, HRESTREK
e BB HEEREA, Hoh M 43 B, MEM: 44 B,
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Fig. 1 Map of sampling locations in this study
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VEEHET . TESARATENL EJE S 120 grits,
600 grits, 1200 grits [jj KT B AP ACHEA T IS, s
VR TR 49 9004 T s 2 4230 v O (67 B A 1~3 mim J5E ) 7

h, I B FES OGBS SIS R,
RRCBOHMW WA UHEREZ) R 1 mm BRI
(CRRR 27 NS = S

Joung 25U Seki ZUVE i 5o i o 14 b 1k
(marginal increment analysis)¥iE T 1 & B & A HE
B SCIURR AR TR o KA S i B A
(K Dt AR B S RS, SR = A8,
RIFEAS B A A L W 2 B8 I 1 O = A4 ol i
fricsoseg, KA guabie o #, e —xi4E
Kieond 1 &, A ANSBEA R, 25 A
£ H 25 = N SEE, S b e oM A 19 45
AR AW, A AT W & 7 AR A, M8 1
YH 4 1R 2248 $0 (average percentage error, APE)
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B2 KE§EEEHEEY R RER
0 MRS, 1-14 HAERS.

Fig. 2 Vertebral section of Carcharhinus longimanus
The locations of the translucent annulus bands
(white points 1-14), the birthmark (white points 0).
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1.3 HiEsbE

1.3.1 £K3RSH FIH Origin 2021 pro 4,
LA 20 cm AlEHE, XFREA A 3 A RO AT 43 #T,
Frez il By BRIk s R . FIH Kolmogorov-
Smirnov A5 354K i EL & ME ik 2 1) 4K oA 2
Sk

132 REFEHESK S e R AT A %L
it PR35 /NS AR BR ER JE  B0AE A RS U 17 [
' ffif Media Cybernetics 23 7% Image-pro
plus 6.0 b KI5 53 A B 140 ik 2% 5 A Bl =
7R R B AR, I 2 FR, WO AR —4
B LA AR aie . LT Z N Dahl
Lea B4 K

L; =L_C”i
r

K, L HAREE @ S5 SUI 0 A 4 K (em),

Le MR 2K (cm), r NEHEE 2 (mm), 7

K P SR SUR R mm)", 25 g,

Campana' #2117 Fraser Lee F5U {4 1F:

(r[—r)(L—Lo)}

L =L+{
7"_7"0
AXrh, Lo MM AER 2K (em), ro i8R RE
(mm) . #H b F Dahl Lea A3, & 1EJ5 1 Fraser Lee
B T A A KT AR SR
Fraser Lee HEAUFEATAMAREARK W HE, JfflH
PRI 5 22 53 i L s e 5 0L 44
133 BHBFRELKXE #MHinefekS
HAAHEE FRIA DGR, WA HE 4K e i
A BRUE SR AFE PR, [T SPSS 22.0 4351
iz FHZME R L 2R R R LA S A8 Bl A 4005 K 6
BEeRKO)S5EMEFREOMKR, A
LPERIHXER: L=ar+b
TR R, L=a™
ERIARR: L=ae™
X, ary axy az. by Fl b3 B A REL, by
B o 3 ad P B (R R AR Tt {5 B vE U (ATC )
FLRC B RUAR G, AHLEE T AIC, AICe 5@ T T
BEAB/INT 200 MR, AICC itk ik 20

528 %
AIC, =AIC+[2k(k+l)}
n—k-1
AIC=nxln[@J+2k
n

Ao, n AHEEAELH, RSS AR 225 A, k Akl
SHRAE . ALCC {ELAF X H5¢ /)N B A5E 75 40 Ay e 1 AL
A, i Wilcoxon 45 #4572 (Wilcoxon signed
ranks test) AT [F]—F HEB 2o 47 BRI 22 PR A
K, A 2K 5 (ANCOVAK B 1 . Mk
K MEMET ERREGHAEESR.

134 ERKEBSHOGE K ESGEHEN &
WA B L% BT R I 424K 3 5 AC A von Bertalan-
ffy (VB).Logistic & Gompertz A KABIHI(F 1), il
it SPSS 22.0 ARL A 1A HLR K ik Ly REAG 3 H A=
K8, A AICc X454 KA RIS 506
B, R A AR KRR AY A BR AL ] ALIC 1Y 22 7(4)
UL AR IFHE:

A =AIC, - AlC,;,

AICc; W HERBIA AICC fH, AICu, N4
KA R AIC. BB/ MA . 24 4, (HAE 0~2 BFAISE
FE e, AABAE 2~10 BAH R ERAR, 45K F 10
I A 56 JEE i A B A A DG 2,

F1 BXEFAR 3 MERKER
Tab.1 Model equations of the three growth
functions used for sharks

LIS Fik E =P CN
model growth function equation references
VB L=LJ[1-e*™] [26]
Logistic L —m [27]
Gompertz L=Le*" [28]

W Loyt 2K Lo AWM R b AR, o FELBAEK
AL SR groe M Logistic B % 45 goom 1 Gompertz FEHIH %4
Note: L,, total length at 7 years old; L, asymptotic length; &, growth

coefficient; #, the age when length would theoretically be 0; gio,
Logistic model constant; ggom, Gompertz model constant.

MR ] AICc B2 5, i Akaike AU
(w38 T e R R (R v 3, A A =R
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{8 FEBLOR P R 5612 e S T2 75 A B
PEZE 5, ANAFAE U LA AN [R] P 2 AL, 25 VB
Ay I AR AR A R 2 2B R R AR IR Y.

toax = 1 x1n(2/k)

i FHl Berry S A3k (14 < i 20 K 5 W) i
EARPCLF A XA A 2 R (L), 23 N:

L=137xPCL
1.3.5 FEABEFIE R Walker™ 2 H 15 1E
Ja AL IR B REAANR AT 70 9, I3k 2 Boms,
A S 5P 38 B T B 45 2 (C=1~3), T fE AP
BV T O HAR A (U=1~5), U AR B —

il 73 REG T ORI 0, Wk 1),
Logistic |~ X 2k MR RI(GLM)TE SPSS 22.0 14341
fEEREA R 50%H1 95% M AL 4 K 5 4E I3 (Lso |
Los. tso Fl tos)o 141 FH Logistic 1734351355 1
PRI P 8 B B B 2 B AE R Bt v 9 5 L

—lnIQ[ﬁJ »
P(L)= P, [l+e 570/
K, P(L)JE BUARN R LU, Prax 2 5
Vo o A AR [R] B4 5 3 A B3 v A 08 1 L,
& Origin 2021 pro Hffi {] GLM 15 4 KB4E 1B

®2 BERREER

Tab.2 Reproductive indices used for staging the maturity condition of sharks

[29]

wH HHE

description

organ  index

AT DL

binary maturity condition

U=l 4, TEBEd, Br@ERasH, i/, o

B # immature

uteri uniformly thin and white tubular structures; small ovaries and with no yolked ova

U=2  JRvh, TEREM, ORAEIRYT, A U0 B A

H N E, immature

uterus thin, tubular structure that is partly enlarged posteriorly; small yolked ova developing

83~242 cm, MEVEGHAERK LN 120~160 cm, i

3 M male

—_
(=]

in ovary
MR uss gk, SRRSO, S AT AN, T A Wi mature
uterus uterus uniformly enlarged tubular structure; yolked ova developing in ovary
U=4 BENWNZ, 7EY R, TENFRIGEYE A mature
uterus enlarged with in utero eggs or embryos macroscopically visible: pregnant
U=5  J7Ja, FEI R, DGR B4 mature
uterus enlarged, flaccid and distended tubular structure: postpartum
C=1 &Ik pliable with no calcification R EN immature
& , -
l’E'Hiu Cc=2 HERNER/r 454k partly calcified AR B immature
clasper
C=3 EMIRAE, 5E4454k rigid and fully calcified SN mature
35 _ _ _
2 GER545% =87 (Nept=43, N =44)
gﬂ 30
2.1 ERIFRHH 52
DY s N g 20
ABFRARE 87 REKMEIE, SKIEE Y P = B all
%_ = #H: female
S

PEAME R EBHY 64.91%, HEPEILHAK AN 120~
180 cm, HHEMHAMARETR 62.79%, AR L ALH
LKA H 120~180 cm, (MR 71.26% (& 3). R
P& Kolmogorov-Smirnov K55, 7R KV K B8 H
BIEERMMEEZ MK A TR EEES
(P>0.05),
22 FRETE

2 = NHNE M AR I 2~14 1%, i ME4F
WEVE R 2~16 %, ANV 5~8 ¥R £, &

5
0 \} \ Q Q \} Q Q \) Q
R IS g
PN N NS N G S A o

4K/cm TL
B3 AR K 6 B KA A A

Fig. 3 Frequency distribution of total length of Carcharhinus
longimanus from the Central and Eastern Pacific

TR A HEE SR SO TE N, T RG22
S(APE=1.9%, df=11, x*=64.58, P>0.05)(&l 4).
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BEE 2R B
age (years) estimated by reader
[e]

SN A~
T T T T

0o 2 4 6 8 10 12 14 16 18

BE# 14EI8 4K age (vears) estimated by reader 1
Bl 4 O [REEOCE XK B B R HE e SO A LA

Fig. 4 Differences (years) in age estimates between

different readers for Carcharhinus longimanus
from the Central and Eastern Pacific

23 2KEEHEFENEAXE

87 BAEA B HE LR R 4.6~12.6 mm,
2 Wilcoxon £ 5 Bh ik s £ W, [W—HFHEHg A
FARTE R TR F(P>0.05), ANCOVA K%
HIME . A B U Y S RKRE HE SR 0
#Z5(P>0.05), M &K 5B XRIETEAE,

ZERINZE 3 Frw, HPhLPERIH LR AICC (&
N, H R ROR, AL ]IS R B A AL
BHEE RS EKMXER, BADY: L=196.11r+
172.76 (R*=0.891, AIC-=860.70) .
24 FHEESKNHEE

i Fraser-Lee’s X} K & B & 2 K AT
W, SR LA %, KERE TS
K290 76 cm, AW E Li=76 LLidiHEA[RI4E
W& 18 FUE A HE 2K (em) . ] 5 4330 KRR
AE A BEWLIN 42 KA A B G HE(E, 2~4 B B #f
B WA F IR, {H2E R8N, 5~11 #& 5 Boul i
EACN AL, Hop 7 i 3 (50K 1 0L, 8~11
U 7 S O e 300 5 O {1 v 5 s v, T e
TP (R H S UL, 11 88 LU 2 RE A BRI
WL 50 Y b, MELIMEOH He i, 4
BT 22530, R A G A 4 A AR T 5 A
9T 3 25 5 (Prnate=0.611, Premate=0.089),

R3I HERTFRBHEELKEBEHBTLENXER

Tab.3 Relationship between total length and radius of vertebrae of Carcharhinuslongimanus
from the Central and Eastern Pacific

Ui H item %153\ equation AICc R? B R valid number
2E M [ )95 & linear regression L=196.11r+172.76 860.70 0.891 87
B4 8l 5 56 & exponent regression L =679.52¢%10% 865.54 0.782 87
PR ELIE I 2 & power regression L =255.51,%877 860.77 0.794 87
%240 1 53240 1 240}
5 200 5200} 200
£ 160 : g 160} 160
8 120 § 120} 120
K K
4 80t 41 80F {4-male 4 80 WM -female
234567 8910111213141516 1234567 891011121314 1234567 891011121314
AERS age of years 4EHS age of years AEHS age of years

Kl s

HARR PR B AR -2 KR

a. WLIAA; b, HEHEINBGEHEE; oo MEMIMBGE M. &b B S Fem B o0 B (A
Fig. 5 Relationship between age and total length for Carcharhinus longimanus from the Central and Eastern Pacific
a. Observed data with males and females combined; b. Back-calculated data for males;

c. Back-calculated data for femates. Dots represent outliers

2.5 EKER

3 A KA RIS AN 4 Frs, 28R LR
T, M I A K B XL () TG B 2 25 5 (d =9,
x=13.8, P>0.05), Joi o lapi, VB L KRN
SR T 50 11 3 A AR, R B3 AR R e ik =R

L, =398[1 — e OHHOBD 1 e I ] o AN 306 HE (i B
BB EMEXE 12, £*=21.56, P<0.05), Kt
3 S EREASE,  FG v R S 4 I 1 Bl A K
BRI S VB BERL, HABRI R AN L pnae=
330.8[1— e OSSN e A S AR A o
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R ABEARN Gompertz AR, HAR R ZR 35 R
Ly me=363¢7 "™ {H VB A KB ALCe
Gompertz 4= KA R 1) 22 54,/ NTF 2, Uiz
PR A AR B A ey B A DG o AR R S 1) 390

AR BRI S LB AT AL, MR R K A K
B k (HIAEE KT HENE, 2B AR5 H] 4K
HEMIS R KFRHLL, HErEh 25.8 #, #EtEN
28.4 % .

R4 PERTFFREAEERBERNSHRLR
Tab.4 Summary of Akaike information criterion (AIC¢) results and model parameters for the
length-at-age data of Carcharhinuslongimanus from the Central and Eastern Pacific

¥ % model performance

WiH Bt BEA R PRI B H model parameter
item model number L./cm kla™ to/a Zlog ZGom AlCc 4; Wi
e VB 87 39800  0.04  —6.81 - - 49841  0.00  0.14
observed data Logistic 87 400.00  0.09 - 1.09 - 49892 051 0.0
(combined) Gompertz 87 400.00  0.05 - - 1.63 499.06  0.14  0.00
. VB 196 330.80  0.05  -5.84 - - 932.13  0.00  0.05
A A ()
back-calculated  Logistic 196 22530 0.18 - 0.55 - 937.02 489  0.52
data (male) Gompertz 196 25110 0.11 - - 1.13 93442 260  0.00
e VB 224 35000  0.03 571 - - 1099.57  0.00  0.19
e L
back-calculated  Logistic 224 286.80  0.16 - 0.89 - 110098 141  0.14
data (female) Gompertz 224 363.00  0.08 - - 149 109929  1.69  0.00

FE: L ARBR A4S & AR R R, 1o IS A KA SUAR IS grog N Logistic BB H 4L goom 1 Gompertz BV L 4, 9 25 B[] AICC 1Y

FE5t; wih Akaike BUE. NHLER T o A KAEEL R 24

Note: L., asymptotic length; k, growth coefficient; ¢y, the age when length would theoretically be 0; g, Logistic model constant; ggom,

Gompertz model constant; 4;, the difference between AICc values; w;, AICc weights. The best fitting model is highlighted in bold.

2.6 MEAES

A, MEPE 10 EBPERGE, M9 R, H
WEPE Lso F1 Los WAL THE ST 3124 (173+12.9) cm,
(201£10.7) cmy tso Fl tos (R AL T1E 53 5] M (8.6£1.2)
1. (11.2+1.3)i%, f/NBAER R 5 1, AL
B2 1.7%, T/ RN 137 em, B H B
205 2.4%, FIRBEAER N 9 1, KRR
KN 184 em. MEME Lso F1 Los BYATHE 5351 K
(19149.1) cm., (208+17.3) em; tso Fl tos AL TTE 4
IR (8.8+1.2)#4 . (11.3+2.5)i%, /NN 5
I, BB 0.9%, BN 4K R 162 cm,
BB 2 b7 0.1%, F KR BRSO 10 1, B
KAWL K N 165 cm (F 6), HILAH A KFEE
K 8 L A S T /N M, R 2

SR
3 itig
3.1 AEEBEANEEKITEE
Wy Fh ) A W) 2 S RO B W A 3 s 3 e E

117 [7) o s A AN T i X ] i 2 R B L AS Ti) A o
R ERY ) AW A R R, PR KM
XKHEHE L4 K 120~160 cm AR BN 5
%, R4 K 242 cm, WEME GBI RTA
1: 1.3 X453 5 D’ Alberto 251 20f g AR K-
g P ISR 45 R — B (E #42 K 130~190 cm,
KRR 240 cm), HE R MEEK/NFRILR
T 268 em! " K 1 TR R KW 42 K H BLTE
1948 4EJL K PEPEC RGBS, N 350 cm, {HITLE
R 2RI R TP B DR AR 2, H
RORAEKILE 300 ecm LIP3 5), Xt )4 5 e
T i L R T AR A PR . WS R
50 ok, RTFERKEE & R E T R
90%2 AR AIAS S Ff (7 B B4 e 2R RO T A,
KEEEE VB KA SR A, et R i K
4R350 330.8 em Fl 350 ecm., X -5 H R WL Y
KRR, MWNEA N LAmK, 7682
TR ISR B> B R,
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M male
1.0+ L b
0.8 L
0.6 3
04r -
02+ L
2
R i
< L L i L L 1 1 L L L L L L 1 1 1 L L J
E
8 M female
=
& 10 c L d
=
08 3
0.6 3
04 r 3
02F F 95%& {5 X i) confidence interval
95% T X Jf] expected interval
0 - -
60 80 100 120 140 160 180 200 220 240 260 O 2 4 6 8 10 12 14 16 18
£f/cm TL AEH% age of years
Klo HRRPFAERERLE 2K, o) AR (Db, d)5 AR KR
Fig. 6 Relationship between maturity and total length (a, c) or estimated age (b, d) for
Carcharhinus longimanus from the Central and Eastern Pacific
x5 KEEEEWRD VBEREREEKSHEER
Tab.5 Comparison of life history parameters for Carcharhinus longimanus (VB model)
. N ‘ PURIIEES IR RN S TSR (s (e BEBH \
BRUIE BRACAEG MR AR K . ﬁ;ﬁ B ¥ ;ﬁg i ok model estimate 5% 3k
location year sex number em P N </a ra em reference
max Oumax max mat Linat Lo/Cm L./cm k/a’l to/a
RNy ARG I male 43 228 14 25.8 8.8 191 74.2 350 0.05 -5.84 -
Central and ] L .
Eastern Pacific this study jiff female 44 242 16 28.4 8.6 173 75.8 330.8 0.03 -5.71 -
e Niiily A Tt male 70 240 18 24.6 10 193.1 75.1 315.6 0.059 -
Western and 2017 X [12]
Central Pacific It female 33 235 17 24.9 15.8 223.8 74.7 316.7 0.057 -
(iR 2 2016 - 188 268 12 36.0 8.7 193.9 64 309.4 0.085 - [13]
Western North
Pacific Ocean
b K 1998 - 225 272.2 11 20.7 4.5 182 69.8 341.7 0.103 -2.7 [15]
North Pacific
PO R PG HfE male 116 242 - - 170~190 - - - -
South west 2013 ) [44]
Atlantic It female 118 227 - - 170 - - - -
PR AP B 1999 - 110 250 17 21.0 7 185 71 2849 0.099 -34 [14]
South west
Atlantic
i Lo AR 4 LA IR kAR KGR 1 Ry IS AR KO RUAR I
Note: Ly, total length at birth; L., asymptotic length; &, growth coefficient; ¢y, the age when length would theoretically be 0.
32 FHREE 16 W%, MEPESN 14 W% o SR FHU) 1 00 A I 5 4K

AWFFE, SO IS OB MEVE R ORI Dy TRE AR AEARAG, PO MER REAS I G R BT
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B9, H Y& kA K e 8o vl s bl 2 45 1k
TR X — 4 O BUE (Lamna nasus) AR
A K5 AR ARAIEDY, 5 S 5 7 R FH i
BRI 23 B e R PSS TR IR AR
MR VB AR KBRS HORET I h AR R A
i L PR d AR 430 e VE 25.8 0% . METE
28.4 i, Wi AT PRI 24.5 W MM
24.9 %), FEALIT-PEIOHEME 22 i) 0P Rk
PEU (MR 21 %), AR T ROF RN (O 36
W) (3R 5) o (EARYE L PR 2 B, KB B AR M Ik
BB R HEIS AR, AT A IR S 5 UL 4
A 18 W%, PRI 5 76 J5 S A7 S ik PE A HE S
(TR 1
3.3 ARKERSH

AR UK 8 FL % AR I AR AR e K, A
PR 2K 5 EHEE- B R IE Bk m A
BERL Sy e R, g SR 5 i RS A e
(Pseudocarcharias kamoharai)m]'i FHEE AL
RGN HAE BRI, SR PR
Hg AR KA 58~75 em ZH], X—45its
Seki 2511 D’ Alberto 258125t AV K2 7 K
PR A U 1 I 5 LI 3 1 H A R A

S5 1) 390 4 AR TE 0 B A 2 B R AR
HET AT AR AR R AL T, — @ B L ORAN TR
IS REA IR S 800 A K S8R 220 AT R,
SR T 18 O e (1] G S 3 P 22 S, TR A3 A, T
TINVRSL 336 ) M ) 7 3 0k 2 5, 5 0 o) A A
X—451E 5 D’ Alberto 250 PG R 5
BRI G SR8 — ok, B
FHPEANH AR R TIT, AR
R A B B B AR I R B T R DY, AR g
Hdi e K WA AT S o, Ak 5 s 7 By
7N, ARG TR ORF- P SORPUVE RS, AR R
SRR 0 L A K U AR XS, A B AT 1
T | 2 SRl T} N R Sy ) O 2 R 0T
HAEPEAS R RS, T T AL P A R
BARRE, (H25 XEPE AR K AE 170~230 cm
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Age and growth of oceanic whitetip shark, Carcharhinus longimanus,
from the Central and Eastern Pacific
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Abstract: Pelagic oceanic whitetip sharks (Carcharhinus longimanus) in the Central and Eastern Pacific have been
overfished and require improved assessment to enable the planning of recovery actions. Samples from 87 individ-
uals (43 males and 44 females) were used to estimate the age, growth, and maturity parameters of sharks retained
by longline fisheries in the Central and Eastern Pacific. Back-calculation was used because of the low number of
juveniles and a multimodel framework with corrected Akaike’s information criterion for small sample size was
used to estimate the growth parameters. The linear regression relationship was the best fit for the relationship be-
tween the radius of the vertebrae and the total length. The von Bertalanffy growth model provided the best fit for

the observed data of combined sexes which is Lt:398[1—e’0‘04(”6'81)] and back-calculation data of females

which is L, =330.8[1—¢ 00381 " and the Gompertz growth model provided the best fit for the

female

. _ (—-0.08¢) .
back-calculation data of males L =363¢ 4% . The parameter estimates for males were as follows: asymp-

't male
totic length (L-)=330.8 cm; growth coefficient (k)=0.05/a; and the age when the length would theoretically be

ty=>5.84 a. For females, the parameter estimates were as follows: L-=363 cm; k=0.08/a; and constant (ggom)=1.49.

The maximum age was estimated to be 14 a for males and 16 a for females, with a calculated longevity of 25.8 and
28.4 a, respectively. Males matured at (8.8+1.2) a and (191£9.1) cm, whereas females matured at (8.6 = 1.2) a and
(173+12.9) cm.
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