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Fig. 1 Map of sampling locations
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2 WREEBEFYIHRTEE
0 NHAELL 1~12 M4,
Fig.2 Vertebral section of C. falciformis

The white point 0 indicates the birthmark, white points 1-12 indicate the

locations of the opaque annulus bands.

53 NS HUS H 2 NSRBI 45 S AR
FrER AR AT I 5 FE AR A

Pk Pérez-Rojas %51 i 57 & B0 HE TR %
45 R YL (crystal violet) S8R HUE B HEB Gl
i, WA H b E RN 5 i HL/NEY
BHEEREAPEA T, SR 0.001% FEFREL LY i 48
YBIZ A HE R 35 min (1 3), HEFJERA 3 AL
BOL TR, IEXT H AR O iR R A R — Bk,
Fr 2 AR — BN FR e

3 RREEREBHETREE

Fig. 3 Vertebral section of C. falciformis after treating

by crystal violet
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RG-S H 43 iR 2238 U (average percentage
error, APE) 7% 5 24U (coefficient of variance, CV)
i £ T A S R RS B BE L A TR O A 8 4 i
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/NGRSO AR
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J
D
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N j A | YOS AR R X ORER R
P45 K, B RIS ME, SD D%
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15% Hsf D) 2R 6 i 1
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Kb, n ABEARBH, RSSHIRZEEHIM, ki A, AIC, WEAEKRBIA AIC. fH, AIC,, M

BRI S HUAEL . R e R H. AIC E AH XT8N (R AR
R Bl A . i Wilcoxon £ 5 B K 15 (Wil-
coxon signed ranks test) & 3 [7] — ¥ HE B A 47 42
22 51, LA 22 70 2B A8 K/ UL G AR Y 1Y) 5
M, AP 7 22508 (ANCOVA) ke gu e . >4
[ A HE B P AR R AR 25 57 o

ROECE 2 S VA PR 5 N R SR
il DA il B AN T SR R A AR R AN HE R 17 [
BT AHFFE# F Media Cybernetics 23 ) ) Image-
pro plus 6.0 &l 152 43 A1 54400 2 Jor Ak s 118 3 A
B £ R YRR, i H Campana™ # H 1Y
Fraser Lee & 1E A AL 42 K
(ri—7)(L —Lo)

r—ro

L,=L+

K, LoAMRS i RBRSURR N 2K, Ly K
AR, L AR K, P AEEE PR,
ro AWAELURAR, r RS i SRR AR . A
BRI 2250 01 (ANOVA) B 4 1 S M 42 < .

A RBAARER  RUIEEE L
fi) 306 4k 4 4 38 ok SPSS 22.0 FF £ (1] U5 B K 5K i
Uige, 4 34 A& 1E J5 ) von Bertalanffy(VB).,
Logistic & Gompertz 4= KM (& 1) DI %% 4
K24, i AICC ik feadi AE KA AL, i HHBISA
Fo A S U A gl (R A AE W22 S, Ay
FE DU 4 ) g ST A A, A AU ] AIC 1Y 22
5t (&) LR A3 3R HE -

A;=AICc; — AIChin

R1 EBAERANIMEKIER
Tab.1 Model equations of the

three growth functions used for sharks

A AR ik S 3CHR
model growth function equation references
. Lao X L()eg'
& 1F A 7R L=——"""""
VBI& IEARA STt 1) [20]
L ooxLoes
Logisticf& IERLR L=
ogisticf& IEHLA T ltLo@— 1) [21]
- LOC
Gompertz{& IE# 5 In| 7= )= [22]
Li=Lee \°

W LA K LoMWRIREK: LoamAR 2K CAVBAR
%%ﬁﬁ? Zrog M LogisticE KM gg,,, N Gompertziii B AL

Notes: L,. total length at ¢ years old; L. asymptotic length; L,. length at
age 0; k. growth rate parameter for the von Bertalanffy growth function
(VB); both the Gompertz and logistic models use ‘g’ to represent their
respective growth coefficient, so subscripts have been used to indicate
which growth function ‘g’ refers to (i.e. ggom and gp o, respectively).
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AR B AICe MR /IME . 2 A fHFE 0~2 B4
K JE By, A EAE 2~10 B A SE BERAIG , A (H R
T 10 WA 6 AR 8 8 A S EE R ARl A 784 [
AICc I ZZ 5, i ] Akaike FLH (w;) 1 34 BT 16 A6
R ER B, ACEREAR:

exp (- %)
Zj:l €xp (_ %)

ARAEFIE ARYE Walker™ $2H (18 350
BEEFRBONEAR BB AT (3R 2), M. HERL
SRE 43 i) MR T B9 SR A (U=1~5) 6 AR 25
(C=1~3), BB ARHE = HE 1 A B4 07 (G
R 0, BEECH 1), f#FH Logistic B3P 4351
TR R B B AR BICE  L

~ -1
P(L)=Prax <1+e ln<19>(L35L220))

K, P(L) & AR BRI LU, P 2B KK
B, Lo Rl Los & (150 tos) LEAN A B 50%
F195% Bf By 2 (). f#FH Origin 2021 pro 1
i) Logistic |~ X £k AL (GLM) #1& &K (FE i)
HEEAEEHR, JHAE SPSS 22.0 Hiz [ GLM %%

2 HEiR

21 KRS

FEAR RT3 AR T 1 AL I8 10 5% 802 B etk
Bz (M 3162, Mtk 486 ), &K E &
68.91~262.51 cm, fE#HEK 4N 160~220 cm, &
SRR 60.47%, b ML B K 4R 160~
200 cm, [ MEPEASAR 43.67%, HEMEIE 4 KA
H160~220cm, (HHEHMAR) 64.81%(F 4), Kolmo-
gorov-Smirnov £ 5 W], AR AT 1 iR L i I
AR A AR AR B 225 (P=0.011),

22 FRERE

SCIGSLHURE S 67 BAEMEE A, HA R
PIRLSE 6l BB, Jeikdw 348, Hrp 28 8
B2 Aok s . BHEE U R O A HEE
RUOPA BRI (B2, B 3). 43 AHIE,
EREAR S, SRR ENEER (APE=
5.59%, CV = 4.12%, df =14, ¥ =5527, P =
0.382), YR kMg vk B A A w I — B
(P=0.698), HHAMEPEAEEIEEh 2~18 ¥4, PL#
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Tab.2 Reproductive indices used for staging the maturity condition of sharks

W EizE:1d HIE BN L
organ index description binary maturity condition
TE U=1 TEERH, RAGRE, G, T R
uterus very small ovaries; uteri similar in size, thin and flaccid and with no yolked ova immature
U=2 TEEEN, SVEBOTIET K, AR B, R
functional (right) ovary contains small yolked ova; the two functional uteri beginning to maturing virgin
enlarge but mostly thin and flaccid
U=3 R HRAR SR, RS AR BE A, AR T2 mm SR, R
right ovary contains yolked ova>2.0 mm in diameter; uteri enlarged along entire length mature, non-pregnant
U=4 TEYK, TENARIRELE D% SN
uterus enlarged with in utero eggs or embryos macroscopically visible: pregnant mature, pregnant
U=5 TETK, SRR R e
uteri very enlarged and flaccid from having recently released young mature postpartum
&y Cc=1 &N, ToE5AL RKWH immature
clasper claspers small, flexible and non-calcified

c=2 BERIE R, H 5L

A maturing

claspers enlarging and beginning to calcify and thus become rigid

c=3 IR B R, IRAE H e Sl

J# mature

claspers fully developed and rigid from complete calcification

180 Ngoare=316, 1

160 [t female
140 EREYE  male

486

male”

z 120

&K £ 100
KZ 8
=60
40

20

10 11

1 2 3 4 5 6 7 8 9

4K/em
total length

4 BREL2KMESH
Fig. 4 Frequency distribution of total length of

C. falciformis

1. 61-80 cm, 2.80-100 cm, 3.100-120 cm, 4. 120-140 cm, 5. 140-
160 cm, 6. 160-180 cm, 7. 180-200 cm, 8. 200-220 cm, 9. 220-
240 cm, 10.240-260 cm, 11.260-280 cm.

RS R 10~15 %, HEMEEIRVE BN 2~17 1,
PR Ky 9~15 13 (18] 5).

23 BEFFEEE5EKPEEAXR

FIRAE 67 AR FL i FHE B R A 1) 2 1283
J& 2.9~11.0 mm, Wilcoxon 455 Bk A 12 A6 6 2 HH
] — 5 HE B A2 A 48 TG B 3 ME 22 R (P>0.05),
ANCOVA F 53 B etk B M | AR ] 4 K
BHEE R R FHEER (P=0.223), 2K 55
HPRBIE R UA SRR, T eRE A
SRR (AIC=284.65, R*=0.912; K6, % 3),
PR R 1=272.87"",
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Ppemate=3 5 Mipate=32
D et female
M M male
>
5
=
Rz
3=

S = N W kA U NN X

2 4 6 8 10 12 14 16 18
e
age of years
El5 HARELFRIMRDH
Fig. 5 Age structure of female and male of

C. falciformis

24 FHEKHEE

MEL GG LR IE SR R, R HFEHeR
BN RKA N 69 cm, WS BB Ly =
69 LW HEA [F] 4F i gtk 28 ARG 4 21K (em),
fifi i Fraser-Lee’s 1 X 8otk B & 4 Kb 47 1 300 5
LRI 704 2H 300 HE A, HCrb oM 333 41, MM
372 40, WA B A HEE R S A R K
0% BRI R A, 455 SEBR . 248 ANOVA 43
Br, M HEINAGY HE AR S I 4 TC
FEZE R (Promate = 0.130, Ppate = 0.057)

2.5 HKiER
P T 00 T 5 2R AR ok A 2L, R o I 2
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L=272.8770%7
AIC=284.65
R=0912

4K/em

total length

4 5 6 7 8 9
FHEF 12/ mm
vertebral radius
El6 RRELHHEFFESEKMETME
Fig. 6 Relationship between vertebral radius (r) and
total length (L) for both sexes of C. falciformis

OB, GAA S E KBRS HON 4 FoR, S
ﬁ*ﬁﬂﬁ‘j LOgiStiC *%ﬂ s *ﬁﬂ%‘%ﬁiiﬁ 2 L observe =
Ty RO L A 0 e 7 75 )

A RKBE s, EREN BAT BB E2E S (A= 703, ' =

10 11 12

1064, P<0.01), BFEILFEHEE, L84 Logistic

iﬁ*ﬁﬂ%yﬂ%ﬁ*ﬁﬂ, %%J‘i:ﬁ L femate =

__23151x68.8001% _2SLOTx6RTIIT g
231.51+68.89(c0 9 —1) * 251.97+68.71(0 15 —1) ©

SRRV S R LR R, LI 2 A A
W R T IS A 1 2 4, T S R R K R R
Eos N IE Y /W I SUE L W 1SS PN N DN
THERE, AR AR T (151 7).

2.6 MAREDH

S A SR M AR A 326 B2 (MEPE 37, A
£ 289), HirpR4E 35 B (MEME 16 BHENE 19 &),
2 LA ME T Lso R Los 1 Ak 53 1EL 43 1 24 (207.60+
2.43) cm 1 (212.97£1.09) cm, tsq 1 tos FI 53 551 Ky
(13.50+0.43) F1 (14.65+0.56) %, fe /M AR |
9, ML BIZ L 0.01%, e/ e K
4 179.02 em, KL 2 15 0.03%, fi kR AL
AR 1298, BRARMALK R 21048 cm; 1
P Ly A1 Los B B A 82 H 43 51 4 (200.67+3.60) Al

Lt male=

®3 2KSBHBFFENEAXER

Tab.3 Relationship between total length and radius of vertebrae

iH FiaA AIC R R

item equation ¢ valid number
LRPERIASCHR  linear regression L1=190.3r+143.2 341.07 0.904 67
FEHRIJA55 R exponent regression L=571.34¢""" 284.75 0.911 67
TEREEIA5 R power regression L=272.87/"%" 284.65 0.912 67

T4 ERRBSHRELR

Tab.4 Summary of Akaike information criterion (AIC:) results and model parameters for the length-at-age data

HAIZE  model estimates

5  model performance

BNl i FEA R
item model number L /em  Lycm kfa™ ZLog/d ' ggom/a’ AlCc A; w;
WLME (ST VB 67 276.01  69.00 0.08 — — 420.82 1.96 0.12
observed data
(combined) Logistic 67 22713 65.51 — 0.22 — 418.87 0.00 0.49
Gompertz 67 241.62  49.85 — — 0.15 419.71 0.84 0.32
DRI HEAE (M) VB 368 339.27  62.79 0.05 — — 2021.75 7.06 0.02
back-calculated data (female)
Logistic 368 23151  68.89 — 0.19 — 2014.70 0.00 0.73
Gompertz 368 25731  66.16 — — 0.12 2016.88 2.18 0.25
DR I HEAE () VB 405 400.00 61.50 0.04 — — 2150.93 8.02 0.01
back-calculated data
(male) Logistic 405 25197  68.71 — 0.15 — 2142.91 0.00 0.67
Gompertz 405 304.05  66.95 — — 0.09 214438 1.47 0.49

e LOARIRAAC: Lo AER 21, VBRI KEE, g  Alogistich KIHEE; ggomAHGompertzfFE R AR, A Z A AICCH) %

5t wiNAkaike U E; AR G AR Je 24, —AREAR.

Note: L. asymptotic length; L. length at age 0; k. growth rate parameter for the von Bertalanffy growth function (VB); both the Gompertz and logistic
models use ‘g’ to represent their respective growth coefficient; A;. the difference between AICc values; w;. AIC: weights; the best fitting model is

highlighted in bold; — means no dectection.
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300 - 300
250
° g ¥ o 9 %
= = ° ~ ]
5 g5 2% oe§ii/gigiﬁ
S g S g
3 2 22 150 o i”
3 $% ol HHT
2 2 100 83
piit |
50+ - - - HfiME  female
HEPE male
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
i il
age of years age of years
(a) (b)

&7
(a) WL A, (b) Wit ootk k.

BIREZ Logistic £K1&RH

Fig.7 The Logistic growth function for C. falciformis

(a) observed data, (b) back-calculated data; o represents female, x represents male.

(208.27+1.01) cm, 15 Fl tos FOAEEAE ST 50 (13.42+
0.46) ¥4 F1 (14.39+0.52) %, /M BRIy
10 8, B2 05 0.01%, fe/hEmE4e Kl
160.87 cm, BB d7 0.01%, e KA RBAE
W R 1395, B RR ALK 195.96 cm (& 8).
DAL H 2R DR R L T 1 s s A K B A 1 s R
THErE, HEA F2ERBN

3 i

31 FREEFRERE

— O TR ARBOR L A ST BT I HE A A
N EHECR TR S SR, B X AEAR BN A
T RO BES P M B SR FH 4 €0 125 L i 48 800 L B2 3
AR, ASBIESE 22070y R (0 Ak B A A
OB, HREHEE RO EE
HAEA P AR, SOyl RE kiR 2z
FI AT C A BT S8R I 22 o e £ 45 1k A R AR et vl
AERE Z 45 1L DAY, H HEDN T 45 X ek F &
TR Z R B0 B AF IR B0 TR, O 5 iR AR SR
WER LA 15 5 58 o IR R AF e 50 A 251 X o
EHE S R I B OCH BE,  HATE X ER
KEAMAFEICR U FEA R ik
LUAMETE™ ST AT AR I ROE R SR B, SR S
FE P R I TR B — P B R R AR R A
SE IIRTHIE o

T EEEXTEE

P EERTBA B P A K S RO IR AR TG L 2
KHEE, [F]—H R EA R M X 0] BE 2 B AN [R]
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3.2

Tl BE B0 g 22 R AR BT A HIE 5E Y itk BB DL
160~220 cm ) LA B BUAANA TR 2, MR K
ML 4K 43 51 4 222.58 em 1 233.47 em, MfEHE [
B2 12 1.5, X —25 R 53 AR A 1 U A
FERML, KA /N TR (5 5);
ARBFFEHARIR A AR LA 9~15 80 32, MEMER: RAR IS
300 R 18 #E RN 17 iy, X 5 HAth Vg B 5E 2L
(F5), HEEFLT rpoa K50 AR08 45 e 45
T 1 T PP SR R 5 1 8 AR L) Vi d s IR
Horr Grant 280 X U R PEEIRR BUE W AR I 4 e
e s VORI, FFUCH LUFE R BIFZE ™ B ARG L
RNy, MBS MER TR A FRIE— IS A
% RV P AT IS B AR /N T, 5 A
13 8%, 414 200 ecm VUG BB, X545
PUEZERIAL, VAR L& M LA X

AN [R) DX 3 [ AHF 5 ) VR ol 5 =Rl Ao s i i
] R SE M FORE 25 F 2 WT, Hall 4559 W 5% & B4
TAREDBE R ZR LA R LR IANA 1 v it
HiIX LL4h& /3, Sa'nchez-de M & I 18k
REE T RES B BT R EELE AAE1L s TR
RE W REAAFE U FRRR 25, Clarke %55 ff £k
i DNA FRICH ARAFFT 2RSS K IEGRIR B8 L N
HES, WL HEER . KARTVE. HRP
PERPGRPGH: 4 FREE, (B2 Hat ke 2 a8
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Fig. 8 Maturity for C. falciformis from logistic generalized linear models of

observed total length (a, c) and estimated age (b, d)

The black points represent the total length and age at which 50% of the population was mature (Ls, and #s, respectively).
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Tab.5 Comparison of life history parameters for C. falciformis

i W W S0%ME S0%ME  fgE RS
RIS BUEwem feRR ROK K mgk o model parameters BH R
location car  Sex  mumber AK/em fElba fFEa fhK/om  best L/ L K g ity Teferences
y Linax Otinay Iso Lso model cm cm a' 3{g a
RSP 2021 M 35 222.58 18 13.5 207.6  Logistic 68.89 231.51 — 0.19 — AW
the Eastern Pacific female this study
i3 32 233.47 17 13.42  200.67 68.71 25197 — 015 —
male
Eai NG B 2018 M 254 253 28 14 183 Logistic 80.6 2616 —  0.15 — [9]
the central West Pacific female
i3 272 271.3 23 11.6 204 858 2873 — 012 —
male
HHORT 2003 M 145 292 13 6~7 204 VB 66.8 288 0.15 — =276 [31]
the Central Pacific female
s 153 5~6 186
male
BEE R ACER IR 2008 U 118 239 11 9 210 VB — 341 0.077 — -3.03 [13]
the Northeastern female
Taiwan waters N
T 132 256 14 9 212.5 315 0.091 -2.32
male
nJe g e vt i 5 2011 M 89 230 16 — — VB 76.5 240 014 — 298 [10]
the west coast of female
Baja California N
i 56 260 14 — —
male
IR B RiAH 2016 258 275 — 10.89 227.76 VB 65.1 309.8 0.1 — =239 [11]
the Eastern Arabian Sea female
T 215 255 — 9.87 218.98
male
RENEEE 2012 M 90 262.3 19 15 2156 VB 81.2 3204 0057 — — [30]
the Eastern Indian female
i3 78 240.9 20 13 207.6 81.1 2773  0.079
male
B B 1987  Mf 135 267 14 15 180 VB 72 272 0.15 — — [32]
Gulf of Mexico female
i3 10 150
male
TR e HE 1993 i 352 308 22 12 232 VB 747 311 0.1 — 272 [33]
the Campeche Bank female
T 386 314 10 225
male

e Lo AR 2 L oRIREK OAVBEBARIERIEE, g ALogistic ERIER; 1 AHISAE KR REFR . —JyREI
Notes: L, total length at birth; L., asymptotic length; k, growth rate parameter for the von Bertalanfty growth function; g1 ,, growth rate parameter for
the Logistic growth function; #y, the age when length would theoretically be 0; — means no dectection.
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Age and growth of silky shark, Carcharhinus falciformis, from the
Eastern Pacific by vertebrae

SHEN Yongfu', ZANG Dongsheng', WU Feng', DAI Xiaojie', LI Yunkai "

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Oceanic and Polar Fisheries, Ministry of Agriculture and Rural Affair,
Shanghai Ocean University, Shanghai 201306, China;
3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: As a pelagic shark species, the silky shark, Carcharhinus falciformis, in the Eastern Pacific has been
overfished in the tuna purse-seine and longline fishery and requires improved assessment to enable planning of
recovery actions. The present study examined the life history of 802 silky sharks (67 individuals were sampled, 35
females and 32 males) from the Eastern Pacific. Age was analyzed using sectioned vertebrae, and a multimodel
approach was applied to the length-at-age data to fit growth models. Silky sharks ranged in dominant length from
160 to 220 cm total length (L), while ranged in dominant age from 9 to 13 years. Females the longest was 222.58
cm total length, with the oldest estimated at 18 years. Males the longest was 233.47 cm total length, with the old-
est estimated at 17 years. The Logistic growth model provided the best fitting growth model. Parameter estimates
for females were: asymptotic length (L) = 231.51 cm; growth coefficient (g) = 0.19/a; and length at age 0 (L,) =
68.89 cm. For males, the parameter estimates were: (L,,) = 251.96 cm; (g) = 0.15/a; and (Ly) = 68.71 cm. Females
matured at (13.50+£0.43) years and (207.60+2.43) cm, whereas males mature at (13.424+0.46) years and
(200.67+3.60) cm. The growth parameters and late ages of sexual maturation for silky sharks in the Eastern Pacific

suggest a significant risk from fisheries exploitation without careful population management.
Key words: Carcharhinus falciformis; age; growth function; vertebrae; Eastern Pacific
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