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Fig.1
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1
Survey stations in the near island area of Wuzhizhou Island
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Tab.1 Functional groups and main species composition based on Ecopath model in the marine ranching around Wuzhizhou Island
(Cheilinus chlorourus), (Thalassoma lunare),
1 (Ostorhinchus fleurieu), (Lethrinus nebulosus), (Scolopsis
monogramma), fif (Plectropomus leopardus)
2 (Siganus fuscescens), (Naso annulatus)
3 fili (Arothron hispidus), fili (Sufflamen chrysopterum),
(Abudefduf sexfasciatus)
4 (S. ciliata)
Scolopsis ciliata
5 (C. boenak)
Cephalopholis boenak
[ (S. monotuberculatus)
Stichopus monotuberculatus
7 Holothuria eduils (H. eduils)
8 (Stichopus chloronotus), (Holothuria atra), (Actinopyga echinites)
9 (D. savignyi)

Diadema savignyi
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(Turbo argyrostomus), (Tectus pyramis), (Drupella cornus),

10 (Tridacna gigas)
. (Atergatis floridus), (Dardanus pedunculatus),
(Metapenaeopsis barbata)
12 (Echinothrix diadema), (Linckia laevigata), (Comanthus
bennetti)
i (dsparagopsis taxiformis), (Sargassum hemiphyllum),
(Padina boryana)
14 (Turf)
15 (Polychacta), (Gastrotricha), (Nematoda)
o (Paracalanus parvus), (Temora turbinate), (Sagitta
larvae), (Doliolum denticulatum)
- (Chaetoceros compressus), (Bacteriastrum hyalinum),
(Ceratium furca), (Trichodesmium spp.)
s (Galaxea fascicularis), (Porites lutes), (Acropora
aspera), (Montipora grisea)
19 (Zooxanthellae)
20
1.2.3 Ecopath , , P/B
B P/B Q/B EE 4 ( , 2022);
3, P/B Q/B
(t/km?) | ,
I ( , 2020) (
(B) ,2010; C&ceres et al, 2016; ,2017; Fourri
I €re et al, 2019; Calderon-Aguilera et al, 2021;
) mg/m’ , ,2022)
t/km? ;
(https://
( , 2015); www.fishbase.org)
1.3
; Pauly (1993) , EE >1,
, ( ,2013) ,
, EE=I,
(Fourri€re et al, 2019; Calderon-Aguilera et al, 2021) ,
P/B Z, (Production/Consumption, P/Q) 0.3 (
Pauly(1980) , 0.1~0.3 ) (Liu et al, 2009); /
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(Production/Respiration, P/R)<1

>

,2022),

EE =1

2.1

2 Ecopath Pedigree
150 Ecopath
P 0.164~0.678 (Morissette et al,
2006), Pedigree 0.50,
0.046~0.926
( ) 1~3.52,
, 1;
R 3.52; )
3.37 2.02,
, 0.262

F2 RN SEFRIAIE S X Ecopath BN gEHB B A S

Tab.2 Main parameters of function group in Ecopath model in the marine ranching around Wuzhizhou Island

/ /
/(t/km?) /(a™") /(a™") /[t/(km?-a)]

Cephalopholis boenak 3.52 1.507 1.400 10.870 0.301 0.100
2 Scolopsis ciliata 3.37 2.448 1.460 14.690 0.308 0.400
3 3.28 5.794 1.964 9.240 0.926 0.269
4 2.62 1.673 2.960 10.570 0.643 0.151
5 2.42 21.519 4.200 14.200 0.377 —
6 2.27 11.693 7.200 24.500 0.840 —
7 2.20 1.656 5.219 37.280 0.490 0.200
8 2.20 15.066 5.750 24.000 0.710 0.676
9 Diadema savignyi 2.12 8.273 4.200 16.700 0.046 —
10 2.11 4.400 12.400 61.600 0.753 —
11 2.02 14.392 6.200 22.240 0.414 —
12 otbereulatus 2.02 0.535 2.430 8.150 0.262 —
13 Holothuria eduils 2.01 7.170 7.600 41.540 0.062 —
14 2.00 3.922 63.500 215.000 0.474 —
15 2.00 127.900 3.100 10.500 0.116 —
16 1.00 2.252 80.000 — 0.469 —
17 1.00 48.786 60.000 — 0.132 —
18 1.00 5.476 376.800 — 0.479 —
19 1.00 14.493 238.000 — 0.360 —
20 1.00 60.410 — — 0.162 —
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Tab.3 Distribution of energy flow at different trophic levels in the marine ranching around Wuzhizhou Island [unit: t/(km*-a)]

\% 0.16 0.02 0.85 2.03 3.06

v 2.99 0.19 12.55 24.96 40.69

111 40.27 0.79 108.30 203.20 352.50

11 351.70 0.79 1 488.00 2 083.00 3924.00

I 3924.00 6 306.00 5919.00 0.00 16 149.00
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Fig.2 Ecosystem energy flow diagram in the marine ranching around Wuzhizhou Island
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Tab.4 Energy transfer efficiencies of each trophic level in the
marine ranching around Wuzhizhou Island

11 111 v \'%
9.066 11.460 8.165 6.102
8.804 12.080 7.076 5.027
8.985 11.650 7.819 5.801
:0.43
( 1I~1V )
:9.465%
1 9.096%
:9.353%
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Fig.3 The mixed trophic impact in the marine ranching ecosystem around Wuzhizhou Island
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Tab.5 Effects of biomass changes of S. monotuberculatus near
island on EE values of other functional groups

/(t/km?) EE
0.535 1.0 0.753
53.500 100.0 0.872
107.000 200.0 0.992
110.210 206.0 0.999
110.745 207.0 >1.000
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; > 3
’ 3.1
2.5 B th
copa , s
6 Y
( ) ( )
20 506.400
2 2 3.1.1 ,
t/(km™a), 4 356.572 t/(km™a),
6 307.762 t/(km2~a), 2 313.544 t/(kmz-a), )
5 20 506.400 t/(km~-a), ( , 2010;
7 528.520 t/(km*-a),
, 2017, , 2019)
21.24% 30.76% 11.28% 36.71%,;
TPP/TR
/ ( /TR) 9.353%, (10%),
/ (TPP/TB)
’ (13.45%) ( , 2022), 111
; (SOI) ’ 10%.
Finn’s (FCI) Finn’s (MPL)
» CI » SOI 78.62%,
, FCI MPL
11
F6 BRINBEERIHERSIEER RILEZINESE X
SNERERFESTESY 16.24% [1 223 t/(km*-a)] ( ),
Tab.6 Ecosystem characteristic parameters of S. ,
monotuberculatus before and when stock enhancement reaches
ecological capacity in the marine ranching of Wuzhizhou
Island
/[t/(km*-a)] 4356.572 5250.423
/[t/(km?-a)] 6307.762 5861.675
/[t/(km?* 2 313.544 2762.114
[tthan2)] Ecopath ,
/[t/(km*-a)] 7 528.520 7 953.044
/[t/(km?a)] 20506.400 21 827.260
/[t/(km*-a)] 9791.710 10 060.700 ’
0.000 21 0.000 21 ’
It/ (k)] 2 619.996 2 622.479 (Lobry et al, 2008; Rahman et al,
/ 3726 3122 2019) TPP/TR TPP/TB
/[t/(km*a)] 6306452 5860.364 TPP/TR
/ 28.834 21.100 r, ;
/ 0.015 0.019 , TPP/TR 1,
0.256 0.256 s R 1
0.120 0.095 (Abdul et al, 2016) Ecopath
Finn’s 2.485% 4.549% TPP/TR 1,
Finn’s 2.379 2.531 3.726, TPP/TB ,  28.834,
33.35 31.29
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(Fourri€re et al, 2019), TPP/TB ,
, 1, TPP/TR TPP/TB
) FCI MPL ,
0 (Rahman et al, FCI ,
2019), 6 306.452 t/(km-a), ,
CI SOl 0.256  0.120, 1, ,
(Abdul et al, 2016), , CI
, SOI ,
FCI MPL

(Abdul et al, 2016),

FCI (Thapanand et al, 2009),

MPL 2.485% 2.379, MTI( 3)
( , 2019; Calderon-Aguilera (Purcell et al, 2016);
et al,2021; ,2022)
, FCI
b ( b
, 2010; , 2019), )
, 3.2
( ,2021) , , 0.535 t/km?,
0.49%,
(Huang et al, 2020)
3.1.2 110.21 t/km?, 200 ,
Ecopath , s
298.955 t/km* 408.641 t/km?, ,
6.44%, 21 827.26 ,
t/(km*a), 2.75%,

, (109.40 t/km>  ( , 2009),
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(2013) Ecopath
(309.40 t/km?) ( , 2016),
(789.60 )
t/km?) ( , 1996)
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( , 2001), s
; , ( , 2013),
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THE ECOLOGICAL CARRYING CAPACITY OF STICHOPUS MONOTUBERCULATUS
AND ECOLOGICAL EFFECT PREDICTION IN A TROPICAL CORAL REEF ISLAND
MARINE RANCHING AREA

MA Wen-Gangl, YIN Hong-Yangl, SUN Chun-Yangl, WANG Zhao-Guoz, WEI Yi-Fanl, FENG Bo-Xuanl,
FENG Jie’, XU Qiang', LI Xiu-Bao', WANG Ai-Min'
(1. College of Marine Science, Hainan University, State Key Laboratory of Marine Resources Utilization in South China Sea, Haikou

570228, China; 2. Dalian Ocean University, Dalian 116023, China; 3. Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China)

Abstract Scientific assessment of ecological capacity of high-value economic species such as sea cucumbers before
bottom-seeding proliferation is a guarantee to prevent ecological risks of marine ranches, and is also an important way to
improve the coral reef habitat in tropical marine ranches and realize the protection and output function of fishery resources.
In this study, the ecological carrying capacity of bottom cultured sea cucumber S. monotuberculatus was assessed at the
tropical marine ranching area of Wuzhizhou Island using ecological modeling method. Based on the data of fishery
resources and environmental factors in the near island area of Wuzhizhou Island marine ranching area from 2020 to 2021,
we built an ecosystem trophic mass balance model using the Ecopath with Ecosim 6.6 software. The research found that the
trophic level of each functional group in the ecosystem ranged from 1 to 3.52. The food web structure was dominated by
the grazing food chain; meanwhile, the detritus functional group accounted for 43% of the energy source and played an
important role in the total energy flow of the system. The total transfer efficiency of the system was 9.353%, which is
slightly lower than the Lindemann efficiency (10%). The ratio of total primary production vs total respiration was 3.726,
and that of total primary production vs total biomass was 28.834. The system connectivity index was 0.256, the
omnivorous index was 0.120, and the Finn’s cycle index and average path length were 2.485% and 2.379, respectively. The
results showed that the food web structure of the ecosystem was relatively simple, the system stability and maturity were
low, and it was vulnerable to external interference. The ecological carrying capacity of S. monotuberculatus assessed by the
model is 110.21 t/km’, which is 206 times of the existing stock, and there is a large space for proliferation. In addition,
reaching the ecological capacity can significantly increase the energy recycling efficiency of the detritus functional group,
further optimize the trophic level structure, and improve the stability and maturity of the ecosystem. Therefore, species
with similar ecological niche to S. monotuberculatus can be harvested appropriately, and at the same time, proliferate and
release other economic species at different trophic levels can effectively reduce interspecies competition and utilize the
redundant energy of the system, so as to expand the ecological capacity of S. monotuberculatus and realize the healthy and
sustainable development of the marine ranching area.

Key words Stichopus monotuberculatus; ecological carrying capacity; Ecopath model; marine ranching



