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Tab.1 Growth models commonly used for sharks

B2 FR %] SCHik

model name model reference
Von Bertalanffy i 71 L,=L,(1- e ki-10)) [36]
Von Bertalanffy {4 1F £ %I L =Ly+(L, -Ly)[1-¢ -0l 137]
Gompertz &l L =L, el ~w(-t] [38]
Gompertz. s 1E K 7 L =L en(E) - 0]
Logistic & %l L =L, (1+e ¥ [40]
Robertson 15i %Y L,=L,/(1+e "0 [41]
Richards #% %1 L =L, /[1+e ket ]m [42]
Schnute 5 %! L= L'+ (LE—LP)[ (1 —e[ B0 ) /(1 = ef@B2=BD ) T} (/D) (421

TE L, BRI I L SRORHT I B s Lo WA R sk AR R B 1. KIEH O WM BB FE W 50 b Bl m. dhE; B BB —MEES B

ﬁ%;ﬁz‘ Eﬁﬂ@%ﬁi%%#ﬂé‘,h *ﬂ Lz‘ ﬁ*‘ﬂ{:} ﬁ1 ;Fu Bz X¢Fjﬂ"]1ﬁ H‘JE/QE o

Notes: L,. length at age ¢;L_ . maximum theoretical length;L,. mean length-at-age ;. the growth coefficient;,. theoretical age at zero length;a

b and m. the constants;f, . the first selected reference growth rings;f3,. the last selected reference growth rings; L, and L,. estimated lengths at

selected reference growth rings 8, and 3,.

http : // www. scxuebao. cn



10 3] BN, 5

AR IS FAE A R 1 B 5T O TR 1627

K2 BERARKRBEZEDHRA

Tab.2 Application of common growth models in the study of sharks

LIS 44 LT 4 WS¢ Ji) Sk
growth models species name scientific name study time reference

fE4i 11 VB B R A& Carcharhinus falciformis 1987 [43]

B G U Sphyrna lewini 1987 [43]

M R Carcharhinus limbatus 1989 [44]

7S WEE Sphyrna tiburo 1997 [22]

KIRKE®&E Alopias superciliosus 1998 [14]

IR E Furgaleus macki 2000 [45]

K& Prionace glauca 2004 [46]

fiLsE Hoa Carcharhinus leucas 2005 [47]

0 L Carcharhinus brevipinna 2005 [48]

K H Carcharhinus plumbeus 2006 [28]

HiWG & Carcharias taurus 2006 [49]

KUBENT Chiloscyllium plagiosum 2007 [50]

il & Galeocerdo cuvier 2008 [51]

R/ Carcharhinus acronotus 2011 [52]

EIER VB 8 B Lk Carcharhinus brevipinna 2005 [48]

kg & Carcharhinus leucas 2005 [47]

ENVR Isurus oxyrinchus 2006 [32]

K EE Carcharhinus plumbeus 2006 [28]

YR B Carcharhinus plumbeus 2006 [31]

W) H Carcharhinus acronotus 2011 [52]

Gompertz 57 R W) i & Isurus oxyrinchus 2006 [32]

BT A Chiloscyllium plagiosum 2007 [50]

C /NN Carcharhinus acronotus 2011 [52]

Gompertz & IF #5151 1 L Carcharhinus brevipinna 2005 (48]

By IR H& Carcharhinus plumbeus 2006 [28]

Logistic i1 i 1 L Carcharhinus brevipinna 2005 [48]

HY IR H& Carcharhinus plumbeus 2006 [28]

Robertson 15 %Y REBENT Chiloscyllium plagiosum 2007 [50]

Richards % % N Prionace glauca 2004 [46]

B HE Carcharhinus acronotus 2011 [52]

Schnute £ %1 N A Prionace glauca 2004 [46]

My HE Carcharhinus acronotus 2011 [52]

4 RUEMEEANER

RPEE T f — S AR e A S LT, 1 HL
AU, ( 32 Bt A A0 el ) X & i 3R 2
SR OB IEAR O . RV A A KRR
ERGEIEPEAG DR EE Y 0O, R 3 B4
TR EE RO ERKSE T U 1 #E
JERR R PEVE e B F 58 R 2R AR T LA 1R R VE
Mill o 22 4 AR 0 Bl 3, W Lessa % Skomal
413 Megalofonou 25 fil Blanco-Parra 25 /3

SR A [ 7K SUAS ) o 4 1) 75 8 4 0 F0 AR K R AT
T WS Joung %5 Al T AP PE K SRR 208 1Y
AR A K 280 Romine 25 McAuley 287" %
IRV AR U B K L Y AR A AT

() A 2 RV Y, AN [m) R 288 1 44 280K /N
A RRFAE 22 AR K, [] — Aol 2R A AS ] ¥ du AN [)
S 2Z E] A A ] 2 S, — e 1 A R T A
Branstetter ' IA R 24 k {H /N T A4 0. 10 B, fa 2%
ARG KETEEAE 0. 10 ~0.20 B, #1254
KA ATHUR A ;2 & (5K T 44F 0.20 B, W £
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KATH, TMEE 2R KNS s AU BT IR BC& A A8 5 S5 74 R p b BT /K Sl A 08 A Kol R 3 3%
KOs AR R, SRR I A A T TR B AR AR AT, AU R A K S Y T e
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Tab.3 Growth parameters of the pelagic sharks in the different areas

% X 13 5 % k
UES B ) L, /cm a f/a L,/cm Ags/a 5k
species region sex reference
[N B 352TL 0.16 -1.01 [46]
) M 282FL 0.18 -1.35
LR 20.7 [53]
K F 310FL 0.13 -1.77
Pdonace . M
glanca ity . 402TL 0.13 -0.62 [54]
) ‘ M 299.85TL 0.10 -2.44
f = JUTRH UTE | i [55]
F 237.5TL 0.15 -2.15
. M 253FL 0.125 72FL 21 32
2 W i v jl: \ﬁw 32
R F 366FL 0.087 88FL 38
Isurus
inchus M 231.0PCL 0.16 59.7PCL
uxyrmc us *Eiﬁ%ﬁé“(ﬁjﬂﬁ [56]
F 308.3PCL 0.09 59.7PCL
i M 330FL 0.131 27
Galeocerdo i NicR:a 62FL [51]
cuvier F 347FL 0.124 29
M 138.5PCL 0.12
B F KL 47PCL [28]
W F 152.8PCL 0.1
Carcharhinus A M 226.3FL 0.044 42.5FL
LGNNI
plumbeus F 245. 8FL 0.039 42.5FL [31]
P4 B 239. 6FL 0.04 42.5FL
- M 206FL 0.18 93FL 571
R P K HERALES 57
RIRK e - F 203FL 0.06 111FL
Alopias
. BE R M 218.8PCL 0.088 —4.24
Supercllmxus [14}
K3, F 224.6PCL 0.092 -4.21
ik M 314.5TL 0.097 -2.32
Carcharhinus [ERC 1Y 8L F 341.1TL 0.077 -3.03 [58]
falciformis B 332.0TL 0.083 8 -2.761
PR L B 228.92FL 0.089 56.5FL 38.6 [47]
i Fo M 248.4TL  0.169 2 ~1.03
Carcharhinus R
Joucas BV R F 262.1TL 0.1235 -2.44 [21]
B 256.4TL 0.139 7 -1.935
S 8 L M 257.4TL 0.203 -1.709
Carcharhinus BB RILF AR [59]
brevipinna F 288.2TL 0.151 -1.988

B AR R F P s M s TL . &K s FL: XK G PCL: B VK 5 Ags :95% L, X0 ) 751 o
Notes: B :both sexes; F:females; M :males; TL:total length; FL:fork length; PCL:precaudal length;A,; :life span as the time required to attain

95% of the L .
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Review on studies of age and growth of sharks
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Abstract. Sharks,as an important group of elasmobranches,play a vital role in keeping stability and diversity
of marine ecosystem. Understanding of age and growth characteristics of sharks helps us know their life history
and estimate the population dynamics and stock status. The main issues derived from previous studies of age
and growth of sharks are as follows: (1) What is the most appropriate sample for aging sharks? (2) Which
methods are the best for age determination and validation? (3) How to select the best model to describe
growth. These issues are reviewed in this study. We compare the advantages, disadvantages and application
limitations of two age determination methods ( hard tissue identification, length frequency analysis) and three
age validation methods( margin increment analysis, chemical markers, and bomb carbon dating). Applications
of various growth models for different shark species are also analyzed. Our review indicates that vertebra close
to the first dorsal fin are the best samples for determining age of sharks; chemical methods need to be used to
increase the visibility of annuls; validation techniques are important for reducing systematic error in
determining age of sharks; and multiple candidate models should be tested for choosing the optimal model.
This study will provide guide and reference for further studying the age and growth of sharks.

Key words: sharks; age determination and validation; growth models; growth parameters
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