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Tab.1 Sample sites coordinates in Haizhou Bay
sample site latitude longitude [15-16]
1 34°55'12" 119°28'48"
2 34°55'45" 119°27'45"
3 34°54'42" 119°2648" 1.2.4 ’ ’
4 34°53'12" 119°2648" EE>1( )s
5 34°53'45" 119°25'45" ,
6 34°52'9" 119°25'45" EE<I, Pedigree
7 34°56'00" 119°29'33"
8 34°57'00" 119°30'31" .
9 34°58'00" 119°31'37" Pedigree 0~1.0, 0
10 34°52'30" 119°28'1" > ) ; 1.0
11 34°53'30" 119°28'52" , ,
12 34°54'30" 119°29'43"
13 34°57'00" 119°28'19"
14 34°56'00" 119°30'31" ’
15 34°54'30" 119°30'31" 10% ’ ’ —0% - 50%
16 34°57'00" 119°30'31"
17 34°55'00" 119°32'43" 1.2.5
18 34°56'00" 119°32'43"
19 34°55'12" 119°37'18" ( )
20 34°55'45" 119°22'45" ’
21 34°54'42" 119°21'42" ’
22 34°53'12" 119°37'48" EE=1 )
23 34°53'45" 119°21'9"
24 34°52'9" 119°32'45"
25 34°53'00" 119°20'00" 2
26 34°51'00" 119°30'00" 21 Ecopath
27 34°52'00" 119°15'00"
1.2.3 (B) >
Ecopath ( 3
, 1.0 442,
i, Morissette 7}
(3] , 150  Ecopath ,
0.16~0.68, Pedigree
a (1] P/B 0.588,
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Tab.2 Trophic groups and main species included in the model set-up

group

main species

Fenneropenaeus chinensis

other pelagic fishes

other demersal fishes

benthic fishes

crabs

shrimps

macrobenthos

meiobenthos

Cephalopod

Zooplankton

Phytoplankton

detritus

Liparis tanakae
fiiefiif Lophius litulon
Larimichthys polyactis

¢ Engraulis japonicus

Fenneropenaeus chinensis

Scomberomorus niphonius

fiz Atropusa atropus
Pneumatophorus japonicus

Harpadon nehereus
Lateolabrax maculatus
Muraenesocidae
Sciaenidae

Gobiidae
Taenioididae
Cottidae
Bothidae
Pleuronectidae
Cynoglossidae
Portunus trituberculatus
% Charybdis bimaculata
Y& Charybdis japonica

b

Crangon affinis
Oratosquilla oratoria
Trachypenaeus curvirostris

Palaemon gravieri

Polychaeta
Echinodermata
Mollusca

other crustacea

Copepods
Echinodera
ostracods

Turbellaria
Isopod crustaceans

Loligo japonica
Todarodes pacificus
Octopus variabilis
Octopusocellatus

Sagittacrassa
Calanus sinicus

Euchaeta concinna
Bacillariophyta
Pyrrophyta
POM-detritus
Liparis tanakae
iz % Lophius litulon
Larimichthys polyactis

i} Engraulis japonicus

Ecopath

—0.50~0.50
-0.5~1 B

50%,
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Tab.3 Input and output (bold) parameters of the Ecopath model of Fenneropenaeus chinensis stock enhancement area

/ /
/(tkmZ-a™)
number group
trophic level B /t-km?) P/B O/B EE catch
Fenneropenaeus chinensis 3.18 0.04 8.50 25.00" 0.53 0.015
2 other pelagic fishes 3.52 0.25 1.80 5.98 0.83 0.165
3 other demersal fishes 3.62 0.28 2.90 9.00 0.94 0.048
4 benthic fishes 3.71 0.30 1.46 5.60 0.29 0.052
5 Liparis tanakae 4.14 0.10 1.50 4.50 0.67 0.015
6 crabs 3.06 0.25 3.50 12.00" 0.91 0.085
7 macrobenthos 2.33 24.50 1.57 8.60" 0.76
8 meiobenthos 2.05 9.50 9.00" 33.00° 0.41
9 fiic il Lophius litulon 4.42 0.25 1.16 3.80 0.14 0.013
10 Larimichthys polyactis 3.66 0.51 1.66 5.90 0.64 0.074
11 fi# Engraulis japonicus 3.10 0.45 3.01 9.70 0.83 0.100
12 Cephalopod 3.67 0.30 3.00 9.75 0.56 0.400
13 shrimps 3.01 0.60 8.70 28.00" 0.86 0.150
14 zooplankton 2.05 18.20 25.00° 180.00" 0.44
15 phytoplankton 1.00 31.00 106.52" 0.00 0.66
16 detritus 1.00 80.32 0.63
Dk Fishbase
Note: *represent the data which collected from references or FishBase.
EE 29.21%,
EE 10.61% KS/(=0)"", ,
, B EE ,
, B EE KS; (-0.0439),  ffi
s KS; KS;
EE (-1.207), KS;
2.2 —1.045,
2 24
b
) 5 ) 5
: 9335.191 tkm >a’,
822.214 tkm>a'
( ), 1.332
0.415
0.177 0.114
, 2.5
2.3 0.04 tkm*a'( 6), ,
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0.846 tkm>a' ,
EE=I, , 0.846 t-km >a'
x4 WASKHTHIH S S KBRS T
Tab. 4 Sensitivity of the estimated parameters when input parameters value were varied
aroup perﬁurba- sensitivity by group
tions 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Fenn- 50% 1 -0.1 -0.05
eropenaeus chinensis 50% —-0.5 0.2 0.05
2 50% 0.66 -0.05 -0.22 -0.09 -0.03
other pelagic fishes 50% -0.18 0.11 0.38 0.17 0.04
3 50% -0.09 0.95 -0.1 -0.09 -0.12 -0.28
other demersal fishes 50% 0.15 -0.31 0.07 0.13 0.07 0.23
4 50% -0.07 0.95
benthic fishes 50% 0.04 -0.32
5 50% -0.06 0.97 -0.07 -0.06
Liparis tanakae 50% 0.02 -0.33 0.05 0.03
6 fitk 50% —-0.04 -0.05 0.95
Lophius litulon 50% 0.03 0.05 —-0.32
7 50% -0.05 0.1 0.97 -0.09
Larimichthyspolyactis 50% 0.04 0.07 -0.34 0.08
8 figt 50% 0.98 —-0.17 -0.13 —-0.04
Engraulisjaponicus 50% -0.37 0.15 0.11 0.04
0 erabs 50% 0.85 -0.05 -0.05
50% -0.31 0.02 0.05
10 50% -0.05 -0.08 0.96
Cephalopod 50% 0.03 0.06 —-0.33
11 shrimps 50% —-0.04 0.97
50% 0.04 -0.34
12 50% 0.41 -0.45
macrobenthos 50% -0.12  0.46
13 50% 0.99
meiobenthos 50% -0.42
14 50% 0.39 —0.46
zooplankton 50% -0.07 048
15 50% 1
phytoplankton 50% -0.45
3 (TPP) (TR)
Pedigree ,
: Odum' Tpp/TR>1

24
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= — [ B X UE Fo epmeropenaceus chinensis
—_—— —— HAthrp_EJZ 625 other pelagic fishes
HAICZ 425 other demersal fishes =
— I — — JEATE 6.2 benthic fishes 3
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_ —— M2 crabs 2
—— —— RAYKAHE SN macrobenthos 5
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—— U2 shrimps
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PRIEHIY) phytoplankton
67 detritus
— — fleetl
2
Fig. 2 Mixed trophic impact analysis of groups in Haizhou Bay ecosystem
raulis japonicus JNELH Larimichthys polyactis FX“&:@# Lophius litulon
£Cephalopod TFUEA Y phytoplankton W34 zooplankton
HJ'F 2 shrimps JINEUEEAR B4 meiobenthos ii—ﬁ_, [¢)Z 1625 other demersal fishes
Hoplbrp L2 43 other pelagic fishes 1 [EIBIXUF Fenneropenaeus chinensis JIEATi 12 benthic fishes
00 KT 54 macrobenthos 2 crabs MEWiF14 Liparis tanakae
4
-02 4
913
14
041 1012
-0.6 1 23 8
- " 15
N
-0.8 4+
-1.04+ >
1
-124+ 6
0.0 0.1 02 03 04 0.5 0.6 0.7 0.8 0.9 1.0

SR relative total impact

3 (KS))
( 2).

Fig. 3 Overall impact and Keystoneness index (KS;) values in ecological restoration area
Numbers in the diamonds represent the number of functional groups in the model (See Tab. 2).
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Tab.5 Summary statistics of the ecosystem attributes in of the Haizhou Bay
index I 11
/(tkm-a™") sum of all consumption 3838.019 3858.544
/(tkm*a") sum of all exports 822.214 812.7728
/(tkm™-a”") sum of all flows into detritus 9335.004 9346.072
/(tkm2a™") sum of all production 3892.630 3899.608
/(t-km %-a"') total system throughput (TST) 9335.191 9346.072
/(tkm?-a") net system production 822.042 812.773
/ total primary production/total respiration (TPP/TR) 1.331 1.326
connectance index(CI) 0.415 0.415
( )/(tkm2a") total biomass (excluding detritus) 86.530 87.336
system omnivory index (SOI) 0.174 0.163
finn cycling index 0.114 0.114
0

transfer efficiency from priin/;ry producers 6.6 67

/% transfer efficiency from detritus 9.4 9.4

/% total transfer efficiency 7.9 8.0

I ; 1

Note: I: The current status of the system; II: The status at ecological carrying capacity of Fenneropenaeus chinensis.

&6 HEMMIMEELETSEMNE (B

Tab. 6 Ecological carrying capacity of Fenneropenaeus chinensis (in bold)

multiplier /(tkm?-a") biomass /(tkm?-a™") catch mass-balance changes
1 0.04 0.015 balance
2 0.08 0.03 balance
5 0.20 0.075 balance
10 0.4 0.15 balance
20 0.8 0.3 balance
21.15 0.846 0.317 EE=1
25 1.0 0.375 EE=1.045
30 1.2 0.45 EE=1.103
i , TPP/TR ,
1 , TPP/TR= : , 822.0420 tkm >a”'
1 TPP/TR 1.331 , )
, FCI 0.114,
5
>
, SOI 0.05% ,
CI
> > >
soI  CI o,

0.174  0.415,
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Ecological carrying capacity of Chinese shrimp stock enhancement in
Haizhou Bay of East China based on Ecopath model

WANG Teng', ZHANG He', ZHANG Hu’, ZHANG Shuo'->

1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306,
China;

3. Institute of Oceanology & Marine Fisheries, Jiangsu, Nantong 226007, China

Abstract: In order to protect the wild population and genetic resources of Chinese shrimp (Fenneropenaeus
chinensis), stock enhancement activities about Chinese shrimp had been carried out since 1980s in Haizhou Bay.
Stock enhancement is an important way of fishery resources conservation, which can increase the high quality
fishery resources and improve the fish population structure. However, scientific management of stock enhance-
ment need to understand the carrying capacity of target species. Based on the data of biological resources obtained
from an investigation of Haizhou Bay in 2013, a balanced trophic model of the area was constructed using the
Ecopath with Ecosim software package. The effects of uncertainty of input parameters and Ecopath analysis sensi-
tivity were explored. Trophic flow and system attributes of the Haizhou Bay ecosystem were analyzed. The eco-
logical carrying capacity for Chinese shrimp were also predicted. The model consisted of 16 functional groups,
which covered the main trophic flow in the Haizhou Bay ecosystem. The results showed that the pedigree index of
the model was 0.588, indicated that the model input parameters were robust and reliable. The input parameters hav-
ing the greatest effects on the output parameters were the ecotrophic efficiency (EE). Trophic levels of functional
groups varied from 1-4.42. The total system throughput in ecosystem was estimated to be 9335.191 tkm *a ', sum
of all production was 3892.630 t-km *a', and sum of all consumption was 3838.019 t-km >a”', total net system
production was 822.042 t-km >-a"'. The total energy transfer efficiency was 7.9%, transfer efficiency from primary
producers and detritus was 6.6% and 9.4%, respectively. The proportion of the total flow originating from detritus
was 40%, and that from primary producers was 60%, indicating that the energy flow was dominated by grazing
food chain. The ratio of TPP/TR was 1.331, the connectivity index was 0.415, the omnivory index was 0.174, the
Finn cycling index and the mean path length were 11.4% and 2.8 respectively. This study showed that the ecosys-
tem of Haizhou Bay was still on a relatively low maturity and stability condition, and at a developing stage. The
analysis on the keystone species showed that Chinese shrimp was not a keystone species of this ecosystem. The
ecological carrying capacity was defined as the level of enhancement that could be introduced without signifi-
cantly changing the major trophic fluxes or structure of the food web. At present, the biomass of Chinese shrimp in
the ecosystem was 0.04 tkm>-a', with a greater potential of continued enhancement. The ecological carrying
capacity biomass of the Chinese shrimp was 0.846 tkm*a ', meaning there is further potential for stock en-
hancement. Our results will contribute to manage the stock enhancement activities and be a good example for the
carrying capacity research of other species.
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