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5103005 4. A AKFRARFEHAIF A H G L=, B

201306

2013065 5. EZImol TR A PO, FiEE 201306)
OE AR, WOl R IR P A BB W T A S RGNS LR B TAS RSN
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I0TC) | Fishbase %5/ FFECH PR FISCHR , 18 R 2 U g 1 T B0 BEVE AR il 19 4> R R ik K5 1 2
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PREIS/INR B A 3 R GE  RAMR SR LU B R B, AR 2R i Ho 1) BT, o A= 38 R e i e e M T B 237
AL TR E A, FE Y A B W 12 B AR RS ARG A A T R R, (H S [ A 2O A [ R

USR], FE v A H b RIS A R 5 =X, 25 A [ 57 ACF X A S RGN o 7E B 47 1 B
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AR R RAR T AT AR
SRGEMNIFE . 12 R T F il o Foi sl it 17
FEFRK I Z PR3 B J7 14555 (A length-based
multi-species analysis by numerical simulation in R,
LeMaRns ) 0] IR BF5E AR 1 ARG
AEfk. LeMaRns #71 fe4) th HALL 457 JF % )
FHOR A 3R 736 30 ] B £ 26 1 7% , 5 H1 ROCHET
“'UF THORPE 25" 13 i AL ta S VR | 10
T Y PR VEAS TR A el e s mig O DL R
PERIBL 28R . LeMaRns A58 1] L) 45 4 3
fiARE R —i2 TR, LeMaRns A58 7647 XA iy
FEN (IR K2 B W s BRI SR ), W] LA
SEPORE L A A 22 Wy oA EL AT 45 G R
RAES RGN,

EIVREVE Y PP el B T 20 HiE4d 50 4F
AR, RS i 0 RS 85 R Y 2 4 AR L i, (H B
Xof g v Y 4 B ) A 2 2R SR BLAIE T i R T
Ji& o A SCHCHE B BE v 42 46 2. 25 51 2% (Indian Ocean
Tuna Commission, IOTC ) F{I Fishbase ( https://
www. fishbase. de/ ) 28N FF B3R B Fil SCHk 10 28 &
B, ML T B VR AR ML 19 SR
FitE) LeMaRns Az 35 R Ge R, JE DL 1 il L2 A= 2
ARG 4 R 7 20 AN R 45 K F
FRIAS Ak, AT 45 SR AT Ay B0 RE T 1Y) < A £ 3 ) A5 B
PRAEZSH I Z Rl A B — 2P B o 4R
LR

U RPRS ik

1.1 HEskiR
L1 g

ARSCIE I T B RS 19 SR, o
16 /> EJVEE V4 4 £ 3 M 32 230 55 K S 9 )
Filr, B8 TOTC B4 TAEA JAA PEAG 1L, 7T LA 2
LeMaRns # B Y5004 20K . 31X 16 DR Y AEH)
i (B) K (C) B TR (F) Fl K™ ol
MY (S, ) Bk B 10TC #9 5 S TARE4,
B[R] S 2010—2019 4R, 4k 10 4F, X 5 A~ TAE
217 ) 2« A T AFE2H ( Working party on billfish,
WPB) SR GMIGHAH TAE4 (Working party on
ecosystems and bycatch, WPEB) i 44 TAE
ZH ( Working party on neritic tunas, WPNT) | #7
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46 T /E 4 ( Working party on tropical tuna,
WPTT) Fl i 47 4 46 4 T AF 41 ( Working party on
temperate tunas, WPTmT) ,

H F3X 16 MR E 24 T M B e E
T, AT RV RIS, AR SO S AN A
T ISR aEfaE X R F DY)
L LT £ (Alepisaurus ferox) ] VAR 2 MW MR JZ
Yy Hb [ K sk K £ ( Exocoetus volitans ) F1 H 7= fi
( Scomber japonicus) 1, W T I0TC &% 5 A
(9 3 AN RR FEAT VP, T 12 4R BORH 5C R ks
PR AR 5 B AT A R 8 55 o7 B AR R 0 i iy
Bttt TRk RS A&
BHEZ AT EWEEIRE, IrD R R A S, MR
NS R G AR b AR W) R B R IR A S5, el
TR AN O 2 UF AR IR K 5T 6 T
(Istiophorus platypterus) ¥ , [RIFEAL T 45 5 &
G, LV EY RS, MRS T AR A,
TREAGX 3 AWy Rl ¥ G BV LeMaRns A= 25
FR GRS, A ADRE © AT A R F 5 A0
TR AR 0, i A ALHLA I Bl AN BE Dy O, i
PLRFIX 3 A4 o %) Y AR S 09 457 56 T 3 73 i) ik
W1t 410.01,
1L1.2 EYrEss

LeMaRns BiRITFEE 19 NYIFH A LL R LA
Hokiztr (R 1) FifE Von-Bertalanffy # it < J&
L AR ZEC kAR BRE A KRS H W, A
W, 350% A I BE Ly ; Ricker SEA-%h 5T
AR AT N SH o BHEMKSE b,
L, Wy W, Fl k (5B AT 2L Fishbase [ 3t 5k
B, ¥ THORSON 25 (5t , Ly, Al 3@ it LR
NS

Lsy =L, exp( —kas,) (1)
AL, AT E R 5k O Von Bertalanffy
AR agy W) UL I B 4 1, 75 Fishbase
W3k ] A5 75

A4S HALL 257 iR 5T, Wl LAE RS LA R 245X

HHEZH a M b:
= el ~23hla (2)
b = o0 1513 -0.948 4ins (3)
L, A AT E IR 5 S, R R B
G 7R
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Tab.1 Life history parameters of 19 species in the model

Y N

v KiE s kR sm oW g ax

Species I /)( b KR = Z8

»/cm Wy W k/(t-1) L/ cm a b

F3k KA Exocoetus volitans 31.5 0. 004 3.12 1.08 14. 791 21.435 8 020.0
H A Scomber japonicus 41.6 0. 008 3.05 0.30 20. 866 11. 306 2 370.0
KUEEMELR Auxis rochei 44.0 0.010 3.06 0.57 22.202 9.938 246.0
J AE Auxis thazard 49.0 0.010 3.07 0.95 25.199 7.759 148.0
B 5 8 Scomberomorus guttatus 69. 6 0. 008 3.01 0.75 35.437 3.461 64.0
fifitti Euthynnus affinis 81.7 0.010 3.05 0.67 41. 807 2.39%4 83.9
il £t1 Katsuwonus pelamis 82.0 0.011 3.11 0.59 42. 851 2.374 178.0
H T4t Thunnus tonggol 111.0 0.015 2.97 0.32 60. 433 1.183 29.4
K g4 ta Thunnus alalunga 134.0 0.019 2.99 0.15 73.541 0.767 5.0
R L8 Scomberomorus commerson 146.0 0. 007 3.00 0.40 80. 126 0. 630 34.2
W4 A 1 Thunnus albacares 183.0 0.015 3.02 0.40 104. 531 0.377 11.8
KHR 446 ff1 Thunnus obesus 203.0 0.014 3.02 0.24 114. 115 0.295 7.2
ML 8. Alepisaurus ferox 218.5 0. 004 3.12 0.77 43.371 0. 249 1.5
SP-tig fiE AL Istiophorus platypterus 241.0 0. 006 3.14 0.15 138. 351 0.199 0.8
G4 Xiphias gladius 252.2 0. 004 3.15 0.13 146. 090 0.179 0.6
SegrPutgfAn Tetrapturus audax 264.0 0. 006 3.15 0.53 155.392 0. 161 0.1
ENEEM . Istiompax indica 306.0 0.004  3.13 0.16 177. 609 0.115 0.5
K% Prionace glauca 340. 0 0. 004 3. 10 0.12 200. 526 0. 090 0.2
Wt Makaira nigricans 363.0 0.004 3.11 0.39 210.272 0.078 0.2

113 YMMEAER RS
B 19 APFIELAG 16 A~ ENEEVEGAR it

FEA AT S0 B ) B, S et D SR
PEARAH O W i (PP ST £ S BT | Fishbase )
b BB LA A3 A S A E IR SFIRAAM T A EAE R R (K 2) .

®2 HEEADMYMEOBERIXRER

Tab.2 Feeding relationship matrix of 19 species in the model

W EY i Predator
Prey 1 2 3 4 5 6 7 § 9 10 11 12 13 14 15 16 17 18 19
1 K3kt Exocoetus volitans o 0 0 0 o0 1 1 0O 0 O 1 1 0 1 1 1 1 1 1
2 HAME Scomber japonicus 0 0 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1
3 XUEEAEHEE Auxis rochei 0o 0 0o 001 00 0 0 1 0 o0 1 0 1 0 1 1
4 JRAEER Auxis thazard o 0 0 o 0O 1 0O O O O 1 O O 1 0 1 0 1 1
5 BES TS Scomberomorus guttatus o 0 o O o O o O O O O O O O O O o0 1 o0
6 i Euthynnus affinis o o o0 o o o o o o o o o o0 o 1 0 1 1 1
7 i Katsuwonus pelamis o 0O o0 0 O o 1 0O 0 O 1 0 0 1 1 1 1 1 1
8 T4 Thunnus tonggol o o0 o o o o o o o o o o o o0 1 o o 1 1
9  KtE4Apt Thunnus alalunga o o0 o0 o0 O O O O O O O O O O 1 0 0 1 1
10 FRIGEHZ Scomberomorus commerson o o o o o o o o o o o o o o o o o0 1 o
11 WEE4LH A Thunnus albacares o o0 o0 o0 o0 O O O O O O O O O 1 O 1 1 1
12 KAR4H A Thunnus obesus 0o 0 0 000 00 0O 0 0 0 0 0 1 0 1 1 1
13 WL fa Alepisaurus ferox o o0 o o o0 o0 o0 o o0 o0 1 1 1 O O O O 1 O
14 SPEEREADL Istiophorus platypterus o 0 o 0o 0o 0 06 0O 0O 0 0 0 0 0 o0 o0 o0 0 O
15  Sf4 Xiphias gladius o o o o o0 o o o o o o o o o o o o o0 o
16 SLrputigffita Tetrapturus audax o o0 o o o o o o o o o o o o o o o o o
17  EJEM A Istiompax indica o o0 o o o o o o o o o o o o o o o o o
18 K% Prionace glauca o o0 o o o o o o o o o o o o o o o o o
19 WMl Makaira nigricans o o0 o 0O o O o O O O O O O O O O o0 o0 o
H:LAHEXR; 0. WAEREXR,

Notes: 1. Predation relationship; 0. No predation relationship.
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1.2 RHEHE
12,1 AEjE e

LeMaRns #5571 J2 3 T 1A 45 04 1 0. 25 B 7%
BT, SRR S5 ] LA AL o ) Fh B AR
ET PSS ' STMCIRD B BUR Y NF N g R LN N 3 5]
AR KN, B4 Mizer 81 1 FishSUMS 458
T2 LeMaRns B (14 44 2 35 F 4 P K 52
APIAT5 T % R, — SR LE L 38 R R R
3 F PR SR e B A Sy AR AR R e
W SRR A B A5G OC, Il T 25 5 i 4T
TR R A AL A5 0 R AT S A

LeMaRns 78 R 418 f 2% () 1R 4K 25 #4449 32
VR AE SR AT O T Ak S A R A A
X BE 1) bR B, (] B i A S IR IS S
BLHLER A5 16 . LeMaRns 45 %045 2 35 4 155 52
T2 BRI B T NI 2 AR T St 2
FR AR SREL, W] LA AR RT3 0 1 S B0 T
BERE B VR 1 Bh 28, (288 5E T T 8 A
PR A%

f4fE Von Bertalanffy 2 J7 78 , fi i f.25 4>
WAL —A i K

L,=L, [1-e 0] (4)
K L, YA 0 B8 K JE; k5 Von
Bertalanffy %fﬁ%%ﬁ;toyiﬂﬂ%ﬁ KN 0 S
1Y . BT LeMaRns B2 JE F B HOA [H] | 29 1L
KEE, BT LART 20 G R s B A7 s ilfk .l A
T AT S BB A, X TR AR IR AL
Jr BE Ak iR IRFIR] ¢ 5 S
TR e B

AL AR BRI EE L, AR 1
FRRK R

AT E R 32 AR AL, S IR AE I B
RUSE S 5 R B 8, D b i FEARC A ) ) B
AR L SR

M, =

5]

1
T4 e itk (6)

P Ly J 50% MR BN K BE X TR A B
ik, RN T 1077

FH SRR SRR 70 O R R AR Y
LeMaRns #5781 A5 JLAPAS [|] (1 b 78 2 pR AL, A SC
MRS HALL 27 j0F5E, Y 1 Ricker b 754 bR
5.
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R, =a,;Sl.e_B"S" (7)
KPR, WAbsEaE; S, AN A o
Ricker ZER-#b 70 5 OC R b 1 26 77 1 2408,
M Ricker SEAR-%h 3 5C Z A Y o (1) %55 BE AH G 2

LeMaRns #1405 3 RN [ 2SR FE T2 %
FARBET (M) I EIET 2 (M,) Filifise 1
F(F),

HARFET 2 (M, ) & 45 B bR 1 il & A 85 LA
SRR BT SR g 3 i 5 AR BB T
BT AR SR, S TN B SR BE T RN 5 A
FE M2, AR SR T T constant Y, X T Fir
HEKAHSH T 0.2 WEET

ANFEF SRS ESE TR (M) BRRTE—iE,
A AU TR B e £ 5 i 25 A 28 ) o &
A o AR 78 Al 47308 3 5 F X6h 550 0E 285 49 A 19 s
I PRATCR A IR, 1 O 2388 3o 4% £ ¢ R B AR 7
FEMEEREGHEAEwmES. KR4, M
P i SRR A n BB m ISR TR
(M) 5 L h

M2(m,n) = ; JZ]L,]N

i,j,m,n
y (8)
’ ; ;Ui,j,k,[WkJNk,l +0

AW N FT 35 AR B m TR K2 n F
HEH AR WBR FEMEY R L
G3 IR FIARIC A 5 0" 7 LeMaRns #8 rh 44,
FAREEE PRI Yy Y, R Bl g o 0
HARH U, BUE RN, — Sl B W Floks 25 K
ot B(E R R, 25 5 BB 2 1Y S8 T A OR I
Vs g NTEMAC L j IR | RITEMAC L n (8
TR m B CGERLE) 8 PLTF A 30E
X
Vijimn =0T (9)
€, IR j R WA n 1Bk
R m WRSHEF 57, R s
m BIMESSIE, BEE N 0 80 1, FonrEfiad g
THEAENBIEE .
THPFIE T HTE LeMaRns A58 v i e 3 H
AR AT P R 45 55 o o A A @
BRI H7 5L T Ny
Fi,j ZkIZ::]Ek‘],:,k<Li) (10>
KB, N8 R A BB %5 ik k=11,
o (L) AR L (A i S aek v EL B a4 44
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1.2.2 alffirEh 2k

1r LeMaRns £ B fp A 3 Fpa] ditd gl 26, 43 5]
A logistic {12k \log_gaussian fl{ZE F1 knife-edge i
2o AIRFET logistic HhZk:

1
q<L)=1+eXp[_77(L_L50):| (11)

i A logistic T4 i e RE A8 A BERE 5 Ly N
BORAT PR M A0 50% Ab ARG KB . AR SCAR 4
THORPE %" (5% K n 58 4 0.25,
1.2.3  AEBRGHER

LeMaRns 512 — N3 T AR, B4y
B AN ETREN AT RGER, 7000 KA 1
255 %81 ( Large fish indicator, LFI) SEXHR KR
( Mean maximum length, MML ), H#i & | &
(Typical length, TyL) F11 B 43 i %X ( Length
quantiles, LQ) o i T#RJE B FEAL A48 1R, A
ALK LEL 4845 F0 MML $8 48 -4 70758

LFI £/RKERTF Ly R FAERSR] ¢ AR
Prig A fa] ¢ bR A Y E ]l AR A
PR

ns o N

gl r;Nj,i,f Wj,i]( Li=zLy )
LFI, ==Y (12)

2B;;
N IR PR | FEREE] ¢ BRI
o W, R R AL ) BT o —A
TR Y L= Ly B 1,25 L < Ly 2R 0
B, Jyn i fERFI] ¢ BRI, Ly RN
B BT R AR At F M R 7E TOTC KB
FASEBIEIT , A% SCR Y & MML Y- i Bsf ) £, K¢
Lo &N 120 em,
MML FR K FE L, W femtia] ¢ Ay &
IR %, LR AR
SB,L.
MML, ==, —— (13)
i;lBi'l
1.2.4  SlBACE R =X
AR SCF A 955 %% o ok e il 5 K7, AR i
THORPE 45" of w] #0402 SC AT
G, =L 3 e (14)
M=t Bpy

g, BN S PR s B)F- 22 AT AR R

Fyo HVE, SYRNREBA f 7€ y AR B 50T R A
i8I5S Rsenl il R BN LSO T, il
SR ST RAINT LR

F — E F201072019 ( 15)

Eo10—2010
A B IR 17 85 18 5 Ear02010 19 2010—
2019 ﬁiilzi/,j E‘Jﬁ%%ﬁ %; F2010—2019 j‘7 2010—
2019 EARAR P 5L T- R (K 3) . 25
BURHCY = 5 SR LU 45 ) B
FREX KRB R A5 K F-
ARV EN P A il A 4 B TR /Y
WAV 7 =X, A A5 A48 5 (Long line, TL) il
(Gillnet, GN) . B I’ ( Purse seine, PS) 71 fth
(Other, OT) ,OT J2EFXF Kk K | H AEE R i
PR 7 2, SE BRI 85 15 2l R S e 2B 11
T TR RY, i HAE T F 5T, A SCAR BB —
Pl LR — R L D7 87 ARk D
£ 2010—2019 A& Ml J7 2G4k 5 L i)
T S v R 0 LU 91, BT o b8 e R A 1R
T SARBAIZ YR — L T (K 3) .

x3 ELHFX-UFHASMENTEEH Fuu
Tab.3 Operation mode-species combination

and F ;.00 0f €ach combination

PRk 5 =X
S;ﬁ%ﬂ; Operation  Fig19_2019
mode
K3k KA Exocoetus volitans oT 0.01
H A Scomber japonicus oT 0.01
KUBEFE R Auxis rochei LL 0.48
i e Auxis thazard LL 0.48
B 5 88 Scomberomorus guttatus GN 0.48
fifitti Euthynnus affinis GN 0.48
filfti Katsuwonus pelamis PS 0.40
H T4t Thunnus tonggol GN 0.56
KESH A Thunnus alalunga LL 0.27
R Scomberomorus commerson GN 0.49
W 4 A 71 Thunnus albacares PS 0.19
KR 4:AG 0 Thunnus obesus LL 0.21
WL £ Alepisaurus ferox oT 0.01
SP-tg AR Istiophorus platypterus GN 0.28
St Xiphias gladius LL 0.11
80D T A Tetrapturus audax LL 0.54
ENFEM . Istiompax indica GN 0.31
K& Prionace glauca LL 0.25
WAt Makaira nigricans LL 0.27

http://www. shhydxxb.com



208 (S R Ty N S S 1 2%

1.3 HBEHYUESERIE
1.3.1 BiiG

ARG HHE B b R —HYAE, N
AR Y 5 B - R 2, T 0 AT A . i
i A AT B A LRI S R A
FBAVPARTT T SR E . A SR H] SPENCE
S50 1 0 P DU 7 3 B0 LeMaRns 458
TP 2 250 b B E SR B s D i
€ — S BUEANE RS AT IR A, SR 5 18
5 /R B R 5% 52 45 F 1% ( Markov Chain Monte
Carlo, MCMC) 3 HDFATIR A i ™ X s 943
AT HEAT AR , ATTDLE 1 LA B b 1
1.3.2 BB EIE

ARG G BRASE R, W) LG BB WA 5 DL P
AFRUE s (1) 6 AR A 75 0L T s 7B, e
AYIFER LIS FEATTE , I I 203k B FR 2
(2) IS UERRHE (1) B2 HRRAE i i, 7524
BAR47 55 18 (1 X Eygg oo ) T 0 B 4THCHY 30
a, VEAG I (4 F5000 A ) £ 5 2010—2019 473
AW (Bigioane ) Z LN 0.5 ~2.0,

LR TCH P 00 Iz 718 50 a ),
19 N FHERFF AT , HIR A2 FhE AR ) ARk
B TR AR A R G B AR DGR A o 7E T I
HIEEE) TP EPIRES A G BB IR Y 5 — SR T
TERRIE . DASPHFIS ) 5 ZOR A5 A A, 78 2 i 4
$i 8% 188 (1 X Eqgig_a019) FIZKE T ALEL T 30 a
E,%ﬁ’ﬁﬁi%% BiL:j Bzo]0—20|92ttﬂgj"7 0.5~
2.0(F4) FFE BB EIER S — 2R WiEbniE, 257
TR, BN EE PR AR A R G LeMaRns #0374
L,
1.4 #HER)IBIT
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Fig.1 Biomass changes of Istiophorus platypterus , Xiphias gladius , Istiompax indica

and Prionace glauca in different operation modes
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Impact of Indian Ocean tuna fisheries on pelagic ecosystem based on
LeMaRns model

LI Xiuchao'?, LIN Qingin'*, CHEN Zuozhi’ , ZHU Jiangfeng'>*° | ZHANG Chunyue'*"

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Minisiry of Education, Shanghai 201306, China; 3. South China Sea Fisheries
Research Institute, China Academy of Fisheries Science, Guangzhou 510300, Guangdong,China; 4. Key Laboratory of Oceanic
Fisheries Exploitation, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 5. National Pelagic Fisherices
Engineering Technology Research Center, Shanghai 201306, China)

Abstract ; In recent years fisheries management has gradually shifted from single-species management mode to
ecosystem-based management mode. Due to the complexity, however, the ecosystem-based management has
not been widely studied and implemented. Based on public databases in the Indian Ocean Tuna Commission
(IOTC) , Fishbase and other resources, a LeMaRns ecosystem model ( Length-based Multi-species analysis by
numerical simulation in R) was developed based on 19 major species in the Indian Ocean tuna fisheries, and
changes of species and ecosystem structure at different fishing levels of four fishery types were predicted. The
results showed that fishing would reduce the stock biomass, affect the interspecific relationship and further
lead to the changes of stock biomass of other species. Large fish indicator (LFI) and mean maximum length
(MML) are most sensitive to longline, and the decrease of the two indicators indicated that the proportion of
large individual fish in the ecosystem decreases and the proportion of small individual fish increases, which
may have a negative impact on the stability of the ecosystem and should be considered in fishery management.
The study suggests that fishing has a negative impact on the ecosystem structure, however, fishery type
imposed the impact differently with respect to various species. This should be taken into account when
implementing ecosystem based management. Under the scenario of two times of recent fishing effort (2 x
E 102010 ) » no stock was predicted to be in a state of collapse, and the relative stock biomass of skipjack tuna,
albacore tuna, yellowfin tuna and bigeye tuna ranged 0.6 - 0.7, 0.6 -0.7, 0.7 -0.8 and 0.6 - 0.7,
respectively, remained at a relatively high level, indicating that the stocks are in a healthy state. Finally, in
order to better apply the LeMaRns model to the pelagic ecosystem system, several suggestions were made for
further research: structural improvement of the LeMaRns model to better suit the actual situation, and
conducting food web surveys and biological studies to ensure accurate data, and incorporating environmental
factors, etc.

Key words: LeMaRns model; ecosystem; size structure; tuna fishery; Indian Ocean
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