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Tab.1 Food web matrix for 21 species in the central and western tropical Pacific

et B e &% predator species

prey species English name 1234567891011 12 13 14 15 16 17 18 19 20 21
188 Katsuwonus pelamis skipjack tuna 1000011000 1 1 1 0 1 1 1 1 0 0 0
2.3t H L Lampris guttatus opah 010000000O0O OO O OO 1 0 0 O0 O0 O
3.48t6#  Coryphaena hippurus dolphinfish 0010000O0OO0OO0OTO0OTOOOT1T O0OTO0OTOTO0OO0OTO
ARKIEEMM Thunnus alalunga albacore 0000000000 O O OO0 000 OO0 O O
SYPERHNER  Acanthocybium solandri wahoo 000000000O0O OO O OO OO OO0 O O
6. MEELAE T albacares yellowfin tuna 0000000000 O O OO 1 0 1 00 0 0
7T RIE&HE T obesus bigeye tuna 00000000000 OO O T1 01 0 0 0 0
8.1 Alepisaurus ferox longnose lancetfish 0101111001 1 1 0 00 00 0 0 0 1
9. 574 UE % Lepidocybium flavobrunneum escolar 0000011100 000001 00 0 1 1
10 R VUt Tetrapturus angustirostris  shortbill spearfish 00000000000 OO O OO OO O O O
11804 Xiphias gladius swordfish 000000000O O OO O 1 1 1 0 1 0 0
12.5%8(NE M Kajikia audax striped marlin 0000000OO0OO0OOOOOOOTOOOOTO0O O
13.KBEF & Carcharhinus longimanus oceanic whitetipshark 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0
148IKEE  C falciformis silky shark 000000000O0O OO OO OOO OO O O
15.ENEM A Istiompax indica black marlin 0000000OO0OO0OO O OO OOUOOUOOTOTO
16. K7 % Prionace glauca blue shark 00000000000 OO O OO OO O O O
17. et Makaira mazara blue marlin 000000000O O OO OO OUOOO O O
18V iEfifEfa  Istiophorus platypterus Indo-Pacific sailfish 0000000O0O0OO0OO O O OO OO OUOTOTOTO
19.7k6%5%  Isurus oxyrinchus shortfin mako shark 0000000OO0OO0OOCOTOOOUOTOUOTOT1T OO
20.#5%  Pseudocarcharias kamoharai crocodile shark 000000OO0OOOO OO OOOUOUOUOUOOTDO
20 R KEE  Alopias pelagicus pelagic thresher 000000000O O OO OO OO OO O O

T IR EHERR, O REHERA.

Notes: 1 means predation relationship, 0 means no predation relationship.
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Tab. 2 Life history parameters of 21 species in this study
LUE LB S WK B /om ERKSHT S0%BLEE K B /om
species name Line W_a W_b k Linat ¢ p
W K. pelamis 82.0 0.0077 327 0.50 42.81 2373927 8.018 544E+02
W A L. guttatus 119.0 0.028 1 3.00 0.22 55.97 1.008 048  7.707 848E-01
W C. hippurus 130.0 0.0240 275 1.10 67.19 0.822 564  1.140 029E+00
Kig &M T alalunga 134.0 0.0257 275 0.20 78.09 0.767 182 8.891 242E+01
WL A solandri 159.0 0.0022 325 0.30 95.48 0.517 638  4.467 464E-01
WHESMM T albacares 183.0 0.0214 293 0.50 74.40 0.374 629  8.160 170E+01
KIRGAeta T obesus 203.0 0.0178  3.01 0.20 128.15 0295120  1.452 621E+01
Wi A. ferox 218.5 0.00389  3.12 0.77 43.37 0.249 173 7.402 064E-01
SEesE L flavobrunneum 203.4 0.025 5 2.84 0.08 116.18 0.293 787  2.035 210E-01
R VUG T. angustirostris 233.4 0.0009  3.78 0.53 130.29 0214095  2.078 053E-02
Slth X gladius 2522 0.0042 320 0.10 160.81 0.179 154 3.184 560E-01
% OUtENE A K. audax 264.0 0.0066  2.90 0.40 156.95 0.161269 2.017 682E-01
KUEHE  C longimanus 285.0 0.033 1 2.84 0.10 159.57 0.135237  7.056 810E-02
WIRFEE  C. falciformis 304.0 0.007 9 3.04 0.10 168.52 0.116 582  8.623 482E+00
ENEEM 1 indica 306.0 0.0065  2.96 0.10 171.33 0.114 837  4.003 389E-02
K&E® P glauca 311.0 0.0046 324 0.10 184.90 0.110 634  5.397 896E-02
W M mazara 363.0 0.005 4 3.07 0.30 224.62 0.077 527 8.727 221E-03
PG 1 platypterus 241.0 00162 274 0.10 166.47 0.198 884  7.451 358E-02
A& I oxyrinchus 321.0 0.0055  3.10 0.10 165.91 0.102 868  7.482 716E-03
#2%  P. kamoharai 129.0 0.00389  3.12 0.10 83.92 0.837304  9.568 887E-02
WK REE A pelagicus 326.7 0.0178  2.59 0.10 210.41 0.098 786 1.675 298E-01

e Linefk%3 5 9von Bertalanffy (T3 S B AEK S8 W_afIW_b AR AR AR ERRSE: Lo, NS0%BE IKE: ofiply

Rickersfh-#h TR B S 4L

Notes: L, and k are the asymptotic length parameter and growth parameter of von Bertalanffy, respectively. W_a and W_b are parameters of length-

weight relationships. Ly, is the length at 50% maturity. o and B are the parameters of the Ricker stock-recruitment function.
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R 310 MRS & MR IR
Tab.3 Fishing strategies for the 10 simulated species

spﬁﬁsﬁjﬁle F=0/a F=0.8F sy F=Fingy F=1.2F gy F=Frecent

8 K. pelamis 0 0.216 0.270 0.324 0.183
PEA A L guttatus 0 0 0 0 0
6 C. hippurus 0 0 0 0 0
KMt T alalunga 0 0.662 0.827 0.992 0.430
YW IRHIER A solandri 0 0 0 0 0
HE At T albacares 0 0.120 0.150 0.180 0.089
KIREHMf T obesus 0 0.056 0.070 0.084 0.085
Wit A ferox 0 0 0 0 0
Sk lE L flavobrunneum 0 0 0 0 0
R VUEETES T angustirostris 0 0 0 0 0
Slfn X gladius 0 0.136 0.170 0.204 0.080
FoUDUtERE s K audax 0 0.373 0.466 0.559 1.631
KHEH & C. longimanus 0 0.093 0.116 0.139 0.395
HIREE  C falciformis 0 0.156 0.195 0.234 0.313
ENEEME A L indica 0 0 0 0 0
KEE P glauca 0 0.288 0.360 0.432 0.140
WHH M mazara 0 0.256 0.320 0.384 0.280
SPEENEf L platypterus 0 0 0 0 0
Gt I oxyrinchus 0 0 0 0

2% P. kamoharai 0 0 0 0 0
WK RE A pelagicus 0 0 0 0 0

Tt Fugy M F econdRIEWCPFCH PAL 12 15 (2016—20194F) f3 H, A3Fh S AR AE [F]— SR PP Al (ELEAR AR BEF sy P F e 3 920184, iR BETHI

M2018FFF4f

Notes: Fyey and Freeen Were based on the assessment report of WCPFC(2016-2019) and each species was not evaluated in the same year. Both £y, , and

Flecene are assumed here to be in 2018, assuming the forecast starts in 2018.
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Fig. 1 Initial biomass of species estimated by model
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2B Wy i R4S B4, v 3 A AR A b
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Tab.4 Ratio of predicted biomass by this model to
biomass estimated by WCPFC single species model

AR tef

species name ratio

% K. pelamis 1.92
P A L guitatus 0.54
itk C. hippurus 1.01
KEEEHE T alalunga 1.07
WKL A. solandri 0.62
UGS T albacares 135
KIREAEM T obesus 1.84
Wit 4. ferox 0.88
Sl L flavobrunneum 0.94
RW)VUEETER T angustirostris 1.92
&lft X gladius 1.26
FOUEERES K. audax 1.67
KEEHE C. longimanus 1.93
KRB & C. falciformis 1.99
ENEEME . L indica 0.96
H ¥k P glauca 0.99
Wk M mazara 1.21
Vg 1 platypterus 1.01
W% I oxyrinchus 1.19
5% P. kamoharai 0.76
WK% A pelagicus 1.82

Hrp, REREAfh, Qg | KEgHE
Pk B R, Glfn . EEE MM M GRA
KAESHA ) FRET 5.51%~99.48%; JKiG% |
g ENER A M RE B BT T
0.01%~50.89%, 4 F=F. ..., KIR4HH60
Ry utgif . KEEEE | HRRERE . flf
WIE AR E, WM, MK EE S Es BT
BT 19.12%~95.39%; K% | FEEftfn . B
FER AR B 55 BT T 0.10%~7.82%. 1
4 FRIET RS T, AR R A Y LR AR .

ARV B RS T, AP ) = B R A A 4 i
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Analysis of pelagic ecosystem dynamics in the western and central tropical
Pacific based on the LeMaRns model
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Abstract: The western and central tropical Pacific Ocean is one of the most productive marine ecosystems and a principal tuna
fishing area globally. To investigate the effects of fishing on the marine ecosystem's structure in this region, LeMaRns model,
an ecosystem model based on body length structure, was developed. It simulated and analyzed the impacts of tuna fisheries on
key species and ecosystem indicators. The model evaluated five fishing strategies, including F=0 (i.e. no fishing activity),
F=F, (fishing mortality at maximum sustainable yield), F'=F .., (average fishing mortality in recent years), F=0.8F,q,, and
F=1.2F, with projections for 10 years on 10 species. The study analyzed the effects of these strategies on two single species
indicators of biomass (B), spawning stock biomass (SSB) and four ecosystem indicators of Large fish indicators (LFI), Mean
maximum length (MML), typical length (TyL) and length quantile (LQ). Findings indicated that the biomass of the species gen-
erally reached equilibrium at 7=0. Under fishing pressure, the biomass of tuna species such as Thunnus obesus, Xiphias gladius,
T. albacares, Katsuwonus pelamis and T. alalunga decreased by 0.26% to 99.75%, while that of Isurus oxyrinchus, Istiophorus
platypterus, and Istiompax indica increased by 0.01% to 12.51%. The biomass of Prionace glauca increased by 36.74%, and
the spawning stock biomass decreased by 60%. Other species' resource status remained largely unchanged. Over the first six
years of simulated fishing, MML, TyL, and LQ initially increased with fishing effort and then decreased; LFI consistently
increased. The study suggested that the western and central tropical Pacific ecosystem would be in a sustainable state under the
recent fishing mortality over the next decade. The LeMaRns model can be used to simulate and analyze large-scale marine eco-

systems, providing a valuable ecosystem-level approach for fisheries management.
Key words: fisheries management; LeMaRns model; fishing strategy; ecosystem; ecological indicators; Western and Central
Pacific
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