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Fig. 1 Bottom trawl survey stations in the adjacent waters of Changshan Islands
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Table 1 Definition of functional groups in the adjacent waters of Changshan Islands Ecopath model

s IR 2,
No. Functional group Composition
1 P Konosirus punctatus P Konosirus punctatus
2 FEHY Setipinna taty Y Setipinna taty
3 fit Engraulis japonicus fit Engraulis japonicus
4 AREE Pampus argenteus AREE Pampus argenteus
5 5 5 ST Scomberomorus ni phonius 5 5 ST Scomberomorus ni phonius
T/ NPT 1 Sardinella zunas W [R5 Decaprerus maruadsi 7% 55
N . . H 24 N Z N 55 A3
6 HAthrp )22 Other pelagic fishes - . ) - o ‘i *
Thryssa chefuensis Wb Thryssa mystax %5
7 INEEAL Larimichthys polyactis /NEE Larimichthys polyactis
8 VRGOl Sebastes schlegelii VRSPl Sebastes schlegelii
9 RSNt Hexagrammos otakii KNkl Hexagrammos otakii
10 MBWiF44. Liparis tanakai MEWiF48. Liparis tanakai
11 fifi Platycephalus indicus fifi Platycephalus indicus
F it Pennahia argentata  FZ IS U Johnius belangerii | 22 6 M 75 A0
12 HAE E /2K Other demersal fishes Collichthys niveatus ¥ it Nibea albiflora J#iF} Callionymidae. 4 i F}
Zoarcidae, 8%} Sparidae %¢
13 g Paralichthys olivaceus g Paralichthys olivaceus
N 225 B AR AL Amblychaeturichthys hexanema 77 FEMF fE a1 Chaeturich-
14 W28 Gobiidae thys stigmatias . PHERTFLER B4 Crenotry pauchen chinensis 77 & 2 F R4
Synechogobius hasta %
15 e fi fie Lophius litulon e g Lophius litulon
16 Kt Saurida elongata Kt Saurida elongata
. EHEIRL Cynoglossidae. B} Pleuronectidae . £ F} Rajidae. fiZF} Sillaginidae.
17 HBEM 2 Other benthic fishes ynog N ! &
BIEEER Conger myriaster 55
18 ¥R Oratosquilla oratoria ¥R Oratosquilla oratoria
J& JTEF Trachypenaeus curvirostris & A ER Palaemon gravieri & H
19 HABIFZE Other shrimp WIUF Crangon affinis . HASSHF Alpheus japonicus EEWELUF Alpheus dis-
tinguendus %
20 ZWER T Portunus trituberculatus ZWER T Portunus trituberculatus
21 HAEE Other crabs IR Paguridae JBEWE Charybdis bimaculata %5
22 3k J£ 2 Cephalopods W50 Loligo spp M+ Octopodidae %5
PEREMEE Ophiura sarsi PR Luidia quinaria 3% Asterinidae pec-
23 Pl K2 3% Echinodermata tinifera 2 BRI 3 %5 Asterias amurensis, W [C 20 {116 I Temnopleurus
hardwickii %5
24 IRARENY Molluscs WFEZE Bivalvia, I /£ 2% Gastropoda %5
25 %2 2% Polychaetes VA% Nereis succinea %5
26 HoAth/NERWE A4 Other meiobenthos I IEZE Ostracoda., 1% H Cumacea Vi 225 Amphipoda %5
27 ) Zooplankton ) Zooplankton
28 RIS Phytoplankton PEIFFE Y Phytoplankton
29 W JE Detritus W JE Detritus
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Table 2 Parameters of functional groups in Ecopath model of the adjacent waters of Changshan Islands ecosystem

ired EIRR G/ A/ s AR/ AR IR
Functional Trophic Biomass Production/ Consumption/ Ecological
group level /(t* km™%) biomass /a~ ' biomass/a" efficiency
BEfE Konosirus punctatus 3.01 0.019 0. 62 12.10 0. 49
WY Seti pinna taty 3.33 0. 007 1. 70 5.50 0.83
8 Engraulis japonicus 3.25 0. 020 3.00 9.70 0.91
BB Pampus argenteus 2.48 0. 082 2.32 9.10 0.19

W5 5 DY Scomberomorus ni phonius 3.99 0. 008 0. 65 5. 80 0. 80
HAtrh [ E 2 Other pelagic fishes 3.09 0. 068 1. 42 6. 90 0. 94
INEEA Larimichthys polyactis 3.10 0.018 1. 66 5.70 0. 88
VFECOSPBh Sebastes schlegelii 4.02 0.015 1.32 4.70 0.41
RNt Hexagrammos otakii 3.90 0. 009 1. 24 4. 30 0. 66
ST 401 Liparis tanakai 4.24 0. 010 0. 90 3. 60 0.52
§fi Platycephalus indicus 4.16 0. 006 0. 89 3. 60 0. 62
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gk

iRed EIRR A7/ i g/ s HAER/ AR AREIE
Functional Trophic Biomass Production/ Consumption/ Ecological
group level /(t*km %) biomass /a ' biomass/a efficiency
HAh)ER ZE 25 Other demersal fishes 3.94 0. 045 2.61 8.93 0.89
W F B Paralichthys olivaceus 4,57 0. 009 0.92 3. 80 0. 85
HRFE A2 Gobiidae 3.4 0.015 1.59 4.70 0.73
W Lo phius Litulon 4.26 0. 033 1.16 3. 80 0.34
KWt Saurida elongata 4.43 0. 006 0.52 5. 00 0.10
HAEMG 26 Other benthic fishes 2.67 0. 009 1. 46 4. 80 0.75
FHREE Oratosquilla oratoria 2.88 0. 086 8. 00 28. 90 0.73
HABEFZE Other shrimp 2.91 0. 050 8.50 28. 00 0. 90
ST Portunus trituberculatus 2.77 0. 020 3.50 11. 00 0.14
HAb S Other crabs 2.81 0. 008 3. 50 12. 00 0.82
3k J£ 25 Cephalopods 3.14 0. 057 3.70 15. 60 0.72
W 51 Echinoderms 2.45 2. 330 1. 20 3.58 0.03
AR Molluscs 2.11 7. 500 6. 00 27.00 0.29
£ F2 Polychaetes 2.12 4. 500 5.75 22.50 0. 01
HoA /NS Other meiobenthos 2.17 4. 600 9. 00 33.00 0.02
T8I Zooplankton 2. 04 4.550 25. 00 125. 00 0. 64
T Phytoplankton 1. 00 15. 000 70. 00 0. 60
)8 Detritus 1. 00 40. 000 0.49

VE IR 2R Al 250, The coarse data represent the estimated parameters.
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Fig. 2 Food web ofthe adjacent waters of Changshan Islands ecosystem
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Fig. 3 Relative total impact and keystone index values of function

groups in the adjacent waters of Changshan Islands ecosystem
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Fig. 4 Trophic relations of functional groups in the

adjacent waters of Changshan Islands ecosystem



2 TR, 4. FET Ecopath FEAHHK L1 F1) 8 483 I 346 2 6P 3 58 A A A 05T 69

2.3 WHERETM

TEVH A 1 1) 46 2F 8 R H) i 0.009 24 t » km 2,
W 2F I T8 IR G A B HAE W R N
SRR B 37 G VR A W) B 5 4 2 7 AR T
Wi, Y4 OF B AR MR 155 A AR RIS 0. 014 3
t e km BRI RE DR 35 V-4, A= W R AR SO, H
PERVEY SRR EE (BT 86 KT 1, SR 2571
1M o A L B0 52 408 S0 v Sl A 2 2R T B A% S R O B R
AR 0.014 3 t+ km P (L 3).,

£3 KUSGIEBLETFRE BT R
Ecopath # & Zh{E SR
Table 3 Changes in Ecopath model after expanding

biomass of Paralichthys olivaceus of

the adjacent waters of Changshan Islands

ik X7/

B AR By

Multipler Biomass/(t « km %) Changes in model
1. 00 0. 009
1. 55 0.014 SF-fhig
1.56 0. 014 A1
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Table 4 General characteristics of the adjacent waters of Changshan Islands ecosystem before and

after Paralichthys olivaceus resource enhancement

YR W s
ZH Parameter Before resource After resource
enhancement enhancement
BIEFER Total consumption/(t « km™ « a™!) 1 040. 43 1 040. 45
Bk A Total export/(t+ km 2 +a ) 334. 31 334. 30
JBIEIH Total respiratory flows/(t s km 2« a ') 715. 69 715. 70
TAREE B Total flows into detritus/(t* km 2 «a ') 652. 76 652, 74
245 ik Total system throughput/(t* km * +a ') 2 743.19 2 743. 20
B e H Total production/(t « km 2« a ') 1 280. 90 334. 30
VA 145 32 9% Mean trophic level of the catch 2.55 2.55
B P74 Total net primary production/(t « km 2 «a ') 1 050. 00 1 050. 00
AR A R/ MR Total primary production/total respiration(TPP/TR) 1. 47 1. 47
A PP 4 Net system production/(t « km™% « a™!) 334. 31 334. 30
BRI/ B AR Total primary production/total biomass(TPP/TB) 26. 87 26. 86
B CRITRE)E) Total biomass(excluding detritus) /(t« km % «a ) 39.09 39. 09
BEREFEEL Connectance index(CD) 0. 24 0. 24
RGBT System omnivory index(SOD 0.19 0.19
TEFRFE%L Finn's cycling index(FCD /% 6.91 6.19
VI A= 7= 2 R B i 1Y S B 55 4530 R Transfer efficiency from primary producers/ % 6. 28 6. 35
8 BE B i 1 2 B R Transfer efficiency from detritus/ % 6. 11 6.17
BB SR Total transfer efficiency/ % 6.23 6. 29
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Abstract:

stock enhancement. In order to provide a reference for determining the reasonable release number of

Ecological carrying capacity of enhanced species is fundamental to the implementation of

Paralichthys olivaceus enhancement in the adjacent waters of Changshan Islands, an Ecopath model
consisted of 29 functional groups of the Changshan Islands ecosystem was developed based on the data of
the fishery resources and ecological environment in the adjacent waters of Changshan Islands collected in
2016 and 2017. The overall energy flow characteristics of the ecosystem were examined, and the
ecological carrying capacity of P. olivaceus in stock enhancement was assessed using the Ecopath
model. The results showed that the trophic levels of functional groups varied between 1. 00 and 4. 57 in
the adjacent waters of Changshan Islands ecosystem. The total energy conversion efficiency was 6. 23 %.
The total primary production/total respiration (TPP/TR) was 1. 47, and total primary production/total
biomass (TPP/TB) was 26. 87. Finn’s cycling index was low (FCI =6.91%) and system connectance
index was low (CI=0.24). In the adjacent waters of Changshan Islands ecosystem, the ecological
carrying capacity of P. olivaceus was 0.014 3 t » km *, which was 1. 55 times the current biomass of
P. olivaceus. The total energy conversion efficiency increased a little when the biomass of P. olivaceus
reached the ecological capacity, which did not have impact on total consumption, total export and other
parameters in the adjacent waters of Changshan Islands ecosystem.

Key words: Paralichthys olivaceus ; Changshan Islands; Ecopath model; ecological carrying capacity;

energy flow
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