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Fig. 1 Sketch map of mangrove-based polyculture system and the sampling sites
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Tab.1 Basic input data and output parameters of groups estimated by ECOPATH model for mangrove
planting-aquaculture system

G LIl e/ (- hm™) - AW/ (s hm”) PIB Q1B EE ERY
No. Functional group Yield Biomass /a /a Trophic level
1 FAR SN Mangrove trees 5.120 80.000 - 0.570 1.000
2 VRIS Phytoplankion - 5.230 190.000 - 0.173 1.000
3 VRIS Zooplankton - 2.450 18.000  93.000  0.563 2.000
4 ZFI Polychaetes - 0.890 3.840 13480  0.410 2.270
5 %% Crabs 0.024 0.054 4.010 14860  0.118 2.480
6 YT Shrimps 0.014 0.004 1.830 24400  0.187 2.410
7 i Oysters 0.130 0.850 1530 35000  0.363 2.100
8 HAKFN) Mollusks 0.001 0.220 2.520 8370  0.206 2.400
9 18 Mud carp 0.003 0.01 2.250 5250  0.625 2.710
10 Je¥ B HEM Tilapia 1.257 1.560 1.850 4.580 0.735 2.650
11 f§%Silver carp 0.002 0.550 1.520 10.190  0.124 2.250
12 % Bighead carp 0.120 0.420 1.299 7530 0215 2.890
13 Hiffi Grass carp 0.210 0.360 1.050 5540  0.725 3.050
14 )8 Detritus - 90.000 - - 0.241 1.000

T PO BRI Q FORT 9L RHAROR S H 24

Note : P-Production; B-Biomass; ()—Consumption; Output parameters are in an italic typeface.
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RN, DR e E S REE RN BYINER,
K, ECOPATH ALK 2T MR AT — FR 58 AR & 2B 2
RGN DTNRERES H SN EAE TR (ER ), B
BEFRYEE ] 1.00 ~ 3.05, WG EFETE (B
REHE 1,2, 14) 0 TR BB SR L, i i A= )it 53 di1)
H R G5 R 1990.44% F193.165% ., A E IR,
$8& T IRl 2B AT KRS SRR AR
TR RERE, i AR i ol R G 1Y) 8.68% il
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Tab. 2 Energy flows of each group by trophic level decomposition for the mangrove planting-aquaculture system

t*hm”-a’

i IhReE B Trophic level

No. Functional groups 1 11 111 v A%
1 LT HK Mangrove trees 409.600 0.000 0.000 0.000 0.000
2 TFIFAEA) Phytoplankton 993.700 0.000 0.000 0.000 0.000
3 7% Zooplankton 0.000 227.850 0.000 0.000 0.000
4 % E2 Polychaetes 0.000 7.798 4.199 0.000 0.000
5 2k Crabs 0.000 0.401 0.351 0.000 0.000
6 #F2 Shrimps 0.000 0.060 0.035 0.000 0.000
7 HEW Oysters 0.000 5.686 0.000 0.000 0.000
8 ARSI Mollusks 0.000 1.142 0.700 0.000 0.000
9 fi f71 Mud carp 0.000 0.006 0.105 0.057 0.000
10 Je % %4k {4 Tilapia 0.000 12.355 15.101 0.324 0.000
11 i Silver carp 0.000 3.083 2.522 0.002 0.000
12 i Bighead carp 0.000 1.107 2.055 0.105 0.000
13 Fiffi Grass carp 0.000 1.445 0.465 0.215 0.000
14 {4 )8 Detritus 1312.939 0.000 0.000 0.000 0.000
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FALRGE PRI IR . LDRARFIE - FRFE AR G A
BRGRERANMIE 2 7R, RGBT
B, IR RE IR B0 . RRIRACE R R AR
TEE TR UM Z [A], B IR TR AR H B R3]
LAY SRS N 12.8% , W v oK FL R T B A 8%
(10.0%), ZJ5 ZGHIREACRIGERFRT, I TR

AR IE SR B T SRR 5.5% IR Tk
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ROV IR 5% LT o SARARRCRE R A T e
FRIGE T H RS 3R 7.2% F16.6% , SRR
HARE N 6.9%, REtn s, HERIR T0E 1 b
SABEIILIY 58.0%, I AR TRIHRA = H 1 42.0%
(1 2), W RS REFmIE LA E B YEEh £ 5
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Fig. 2 Flow diagram showing transfer efficiency between discrete trophic levels in mangrove planting-aquaculture system

a. Energy flows efficiency originated from producers; b. Energy flows efficiency originated from detritus; c. Energy flows efficiency combined.
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Fig. 3 Mixed trophic impacts of the functional groups in mangrove planting-aquaculture system showing the combined direct
and indirect trophic impacts
Positive impacts are shown above each baseline in dark bar, while negative impacts are shown below the baselines in grey bar.
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Tab.3 Summary of system statistics obtained for mangrove planting-aquaculture system by ECOPATH

FEHEZE Atiribute parameters Value 1 Value 2

BHAER /(1 - hm™ + a™') Total consumption, CT 286.507 315.059
JE /(- hm™ - a™) Total exports, TEX 1228.339 1247.235
JBIEG AR/ (1 - hm™ + a™') Total respiratory flows , TR 174.961 256.065
TRl EE B/ (- hm™ « a™') Total flows into detritus, TDET 1312.939 1268.800
ARG/ (- hm™ - a™') Total system throughput, T 3003.000 3087.159
JAEEE /(1 hm™ + a™') Total production, TP 1458.000 1480.000
B4/ (1 - hm™ + a™') Total net primary production, TPP 1403.300 1403.300
BAEME/ (1 - hm™) Total biomass, TB 17.709 21.943
AR AR S 1 R Total net primary production/total respiration, TPP/TR 8.021 7.485
ARG/ (1 hm™ « a™') Net system production, NSP 1228.339 1147.235
TEFFEEL Finn cycling index, FCI 0.26 0.28

SEHIRERE{AE Finn® s mean path length, FML 2.139 2.142
HEREASEL Connectance index, Cl 0.243 0.242
ZE 41T System omnivory index, SOI 0.187 0.185
WEEPERERT - M PEREWT Detrivory : Herivory, D : H 44:1 39:1

1 Value 1R SHTHY RGUIRE; Value 21CR KBTI A B 105 19 R GURHIE .

Note: Value 1 represents the present status of the system. Value 2 represents the status after a large amount of tilapia biomass is introduced into the

system.
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Assessment of ecological carrying capacity of intertidal mangrove
planting-aquaculture ecological coupling system

XU Shannan', CHEN Zuozhi’, ZHENG Xingwen', HUANG Xiaoping’, LI Shiyu'

(1. School of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou 510275, China; 2. Key Laboratory of
Mariculture, Ecology and Quality Control, Ministry of Agriculture; South China Sea Fisheries Research Institute, Chinese Academy
of Fishery Sciences, Guangzhou 510300, China; 3. Key Laboratory of Marine Bio-resources Sustainable Utilization, South China Sea
Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China)

Abstract: Carrying capacity is critical for the sustainable development of fishery. Based on the data obtained from
bimonthly surveys during the period from October 2008 to August 2009, a trophic model of a mangrove planting-
aquaculture coupling system was constructed by using the ECOPATH model with Ecosim software. Energy flows and
ecological carrying capacity (ECC) of the coupling system were analyzed and evaluated. The results showed that the
constructed ECOPATH model consists of 14 functional groups, with the trophic level ranging from 1.00 to 3.05. The
geometric mean of the trophic transfer efficiencies was 6.9% ,with 7.2% from detritus and 6.6% from primary producers
within the system. The lower efficiencies were attributable to that most energy flows back to detritus, suggesting that
the food web was more dependent on detritus than on primary producers to support fishery. The ecosystem attributes
statistics : TPP/TR (total primary production / total respiration) was 8.021, together with low connectivity index
(CI) being 0.243, Finn’ s cycling index (FCI) being 0.26 and mean path length (MPL) being 2.139, indicating this
system is at a development stage according to Odum’ s theory. Furthermore, we estimated the carrying capacity for
tilapia ( Oreochromis niloticus ), grass carp ( Ctenopharyngodon idellus ), silver carp ( Hypophthalmichthys molitrix )
and bighead carp (Aristichthys nobilis ), which are the main cultured species in the system. The ECC was defined as
the maximum biomass that a specified environment can support without significant change of major energy fluxes or
structure of the food web. The ECC of tilapia, grass carp, silver carp and bighead carp culture should be 5.82 t/hm”,
1.81 t/hm*,2.62 t/hm’ and 4.76 t/hm’, respectively in the system. Furthermore, the effects of uncertainty of input
parameters and sensitivity analysis of the ECOPATH were also explored. [Journal of Fishery Sciences of China,
2010,17(3): 393-403]

Key words: ECOPATH model; energy flow; detrital flow path; ecological carrying capacity; integrated multi-trophic
aquaculture (IMTA)
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