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Fig. 1 Fishery resources survey station in the marine ranch of

the Wuzhizhou Island
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Table 1 Species-specific input parameters in the size-spectrum model

LY/ Wit Winat B Rinax SS 4 K, 0
K H B4 Trachiocephalus myops 1419.92 218.92 18 9.52 x 10° 10.23 1.30 0.24 0.93
4G 8% Brachypleura novaezeelandiae 57.04 13.73 3090 5.15 x 10’ 9.81 1.30 0.46 0.63
i e KR8 Priacanthus macracanthus 441.61 100.08 50 7.93 x 10* 11.39 1.30 0.70 0.73
&AM KA Ostorhinchus fasciatus 101.73 21.04 6 545 9.38 x 10° 5.86 1.30 0.78 0.43
REBEN 11 i Secutor ruconius 29.26 8.51 970 9.16 x 10° 6.99 1.30 0.43 0.3
BV A Trichiurus nanhaiensis 805.85 181.87 20 4.11 % 10° 37.84 1.30 0.29 0.54
H AEESE Upeneus japonicus 73.31 19.28 254 3.34 x 10° 8.62 1.30 0.67 0.23
H A [t ifiInegocia japonicus 268.78 77.53 112 538 x 10° 11.48 1.30 0.32 0.53
/DM Uranoscopus oligolepis 59.75 21.54 60 3.73 % 10° 7.20 1.30 0.68 0.95
E[ B /NA i Stolephorus indicus 87.71 17.33 5487 2.55 x 10° 8.66 1.30 1.05 0.89
A BE Epinephelus stictus 257.92 64.48 75 5.04 x 10° 3.91 1.30 0.19 0.4
KR8 Decapterus maruadsi 464.44 116.11 8 849 7.54 x10* 0.55 1.30 0.36 0.66
2 RT3 WiSepiella maindroni 620.00 155.00 20 320 x10* 132 1.30 1.10 0.43
5 Loligo chinensis 24.00 8.00 14 9.13 x 10° 0.67 1.30 1.10 0.43
AL Saurida undosquamis 218.37 54.59 33 6.30 x 10* 9.99 1.30 0.59 0.62
R 48 Pennahia argentata 539.00 134.75 28 1.90 x 10° 11.67 1.30 0.4 0.41
S [C# 4 £ Champsodon snyderi 28.72 7.18 745 9.64 x 10° 1.60 1.30 0.95 1.00
KARHR Y Gerres macrosoma 366.31 91.57 284 1.05 x 10° 14.86 1.30 0.41 0.92
H AR 42k 48 Nemipterus japonicus 69.50 17.38 50 3.25x 10° 3.48 1.30 0.76 0.64
T8 ik Polynemus sextarius 137.00 34.25 178 5.06 x 10° 2.70 1.30 0.37 0.57
WISkl Lagocephalus wheeleri 574.90 143.73 82 4.66 x 10* 27.59 1.30 0.46 0.86
TESE R 10 Parajulis poecilepterus 276.24 69.06 146 7.64 x 10° 12.38 1.30 0.22 0.38
W8 Muraenesox cinereus 511191 1277.99 205 3.91 x 10° 175.44 1.30 0.19 0.79
ZBEBSIBIR 1§ 1 Yongeichthys criniger 56.98 14.25 950 4.23 x 107 6.85 1.30 0.4 0.09
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Table 2 Species-specific fishing death coefficient management

combinations in multispecies management
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Fig.2 A summary of the size-spectrum model (SSM) outputs
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a. Feeding level; b. species biomass change through time; c. predation mortality coefficient; d. fishing death coefficient; e. community size spectra
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Table 3 Changes in fishing death coefficient for species

in the simulation

LY/ F F1 Fl
KB4 Trachiocephalus myops 0.60 1.05 0.15
WU Muraenesox cinereus 1.01 1.77 0.25
P WA 10 Trichiurus nanhaiensis 0.35 0.61 0.09
2[RI B W Sepiella maindroni 0.28 0.49 0.07
Uit Pennahia argentata 0.27 0.47 0.07

5 B KHR 4 Priacanthus macracanthus 0.94 1.65 0.24
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Fig. 3 Changes in species biomass in communities under single-species management
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Figures a, c, e, g, i, and k show changes in biomass of species in the community after a 75% increase in fishing death coefficient in 2025 for simulations 77a-
chiocephalus myops, Muraenesox cinereus, Trichiurus nanhaiensis, Sepiella maindroni, Pennahia argentata and Priacanthus macracanthus, respectively. Fig-

ures b, d, f, h, j and | show changes in biomass of species in the community after a 75% decrease in fishing death coefficient in 2025 for simulations Trachio-
cephalus myops, Muraenesox cinereus, Trichiurus nanhaiensis, Sepiella maindroni, Pennahia argentata and Priacanthus macracanthus, respectively. The black

dashed line corresponds to the year 2025
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Table 4 Changes in the mean values (%) of community ecological indicators under single species management
. B SRR KA K
Yk SYEEL7/biiy ' o T3 "
B [ okt I sk
KA Trachiocephalus myops?! -0.79 -0.20 -1.59 -0.66 241
KKK B4 Trachiocephalus myops| +3.53 +1.79 +5.04 +3.93 +7.11
G Muraenesox cinereus?t -0.07 -10.69 -2.29 —0.02 ~0.49
JK i Muraenesox cinereus | +0.54 +19.01 +14.84 +0.28 +3.09
BT 10 Trichiurus nanhaiensis?t -0.35 —-0.06 029 —031 121
AR 8 Trichiurus nanhaiensis | +1.80 +0.62 +0.69 +1.96 +3.74
SIS W Sepiella maindronit +0.69 +0.29 +3.39 +1.27 +3.23
2RIk i Sepiella maindroni |, -1.20 -1.19 ~7.08 -220 -4.72
i tt Pennahia argentatat +0.08 —0.04 -0.91 +0.68 -3.84
¥RUi 10 Pennahia argentata| +0.56 +0.17 +1.84 -0.56 +8.52
5 B KIR8H Priacanthus macracanthus?t +0.25 +0.14 ~0.05 1037 ~0.65
S8 R KR Priacanthus macracanthus | -0.81 -0.53 +0.02 133 1274
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Table S Changes in the mean values (%) of community ecological indicators under multispecies management
B PR pithiEs
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& it Bk i TR s
KAt Trachiocephalus myops |
IR IHE Muracnesox cinereus| +3.73 +20.74 +16.87 +3.86 +8.58
P VT €8 Trichiurus nanhaiensis |
K48 Muraenesox cinereus | +2.11 +19.67 +14.28 +2.00 +5.70
& RICEN B W Sepiella maindroni|,
WK Muraenesox cinereus|, ~0.82 +17.80 +12.64 —2.06 -2.16
Uk 8 Pennahia argentata)
IRUEEE Muraenesox cinereus), +1.08 +19.17 +16.82 -0.29 +11.11
JH R KRS Priacanthus macracanthus |
4% Muraenesox cinereus) —031 +18.68 +14.71 -1.08 +5.35
FAVRFHT 8 Trichiurus nanhaiensis |,
KAt Trachiocephalus myops | +4.95 +1.90 +5.77 +5.48 +9.23
= [RTCEH S W Sepiella maindroni| .
S5 Trachiocephalus myops | 1.14 +0.43 211 +0.26 +1.11
Ui th Pennahia argentata
KK Ha B Trachiocephalus myops | +3.97 +1.90 +6.63 +3.19 +14.49
48 R KR Priacanthus macracanthus|
Kk B Trachiocephalus myops | +2.53 +1.29 +4.79 +2.40 +8.27
= [RTCEH S Sepiella maindroni|
AN A Trichiurus nanhaiensis | +0.12 —0.56 —6.12 -0.80 -2.04
4 f Pennahia argentata) .
RS i Trichiurus nanhaiensis | +1.49 +0.62 +1.79 +0.71 +8.43
55 B KRB Priacanthus macracanthus )| .
A Trichiurus nanhaiensis | 0.83 +0.13 +0.61 +0.48 +5.43
Ui th Pennahia argentata
2 [RICH B WSepiella maindroni| 0.85 -LI —5.23 —2.94 +3.43
8 R KRB Priacanthus macracanthus |
2 [T 2 Sepiella maindroni) —1.69 —141 —6.97 —2.90 -3.88
55 B KR Priacanthus macracanthus |
-0.25 -0.36 +1.85 -1.84 +10.78
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Fig.4 Changes in species biomass in communities under multi-species management
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Figure a shows the change in species biomass in the community after a simulated 75% increase in fishing death coefficient for both Trachiocephalus myops and

Trichiurus nanhaiensis in 2025; figure b shows the change in species biomass in the community after a simulated 75% increase in fishing death coefficient for

Trachiocephalus myops in 2025 and a 75% decrease in fishing death coefficient for Trichiurus nanhaiensis in 2025; figure ¢ shows the change in species bio-
mass in the community after a simulated 75% decrease in fishing death coefficient for Trachiocephalus myops in 2025 and a 75% increase in fishing death coef-
ficient for Trichiurus nanhaiensis in 2025; figure d shows the change in species biomass in the community after a simulated 75% decrease in fishing death coef-

ficient for both Trachiocephalus myops and Trichiurus nanhaiensis in 2025, the black dashed line corresponds to the year 2025
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Assessing the impacts of fishing on fish community in marine ranch of the
Wuzhizhou Island based on size-spectrum model

Qiao Jiale', LiXiaodong?, LiJianlong**, Xia Kaiming', Liu Qi', Wang Yingbin'

(1. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China; 2. College of Marine Sciences, Shanghai Ocean University,
Shanghai 201306, China; 3. Department of Marine Sciences, Hainan University, Haikou 570228, China; 4. State Key Laboratory of Marine
Resource Utilization in South China Sea, Hainan University, Haikou 570228, China)

Abstract: The concept of ecosystem-based fisheries management has been widely recognized, but it’s application
in the construction of marine ranch is still very rare. In this study, based on the data from a bottom trawl survey of
fishery resources conducted in the waters of Wuzhizhou Island from 2020 to 2021, a marine ranch fish community
size-spectrum model (SSM) was built, which reflects the complex structure of food webs and interspecies interac-
tions in marine ranch, to assess the impacts of fishing on the fish community in marine ranch. The study analyzed
the effects of changes in species-specific fishing death coefficient on fish community by simulating two manage-
ment strategies (single-species management and multispecies management) and monitored the state of fish com-
munity characteristics using five community ecological indicators: the total biomass of the community, the slope of
size spectrum, the mean maximum weight, the mean weight, and the large fish index. The results of the single-spe-
cies management strategy showed that the marine ranch ecosystem of Wuzhizhou Island showed top-down control,
and there was a strong regulatory effect of carnivorous fish on plankton-feeding fish. Complex interactions such as
competitive predation among different species produce trophic cascade effects after changes in fishing death coeffi-
cient. The results of the multispecies management strategy showed that fishing death coefficient of Muraenesox
cinereus had the greatest effect on the slope of size spectrum, and that fishing death coefficient of Trachiocephalus
myops and Muraenesox cinereus had the greatest effect on fish community biomass and community structure and
function. The results of this study have important implications for the conservation and stabilization of fish com-
munity, and can help managers to better understand the potential impacts of changes in fishing death coefficient
rates on fish communities, so that viable and effective conservation and management strategies can be developed

based on the importance of the species to the fishery.

Key words: size-spectrum model; marine ranch; management strategies; ecological indicators; trophic cascading effects
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