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Abstract 

The Pearl River Delta coastal sea is one of the important ecosystems in China’s coastal sea 

and is typical in the world’s ocean ecosystems.  The Pearl River Estuary provides shield and 

nursing places for juvenile and the river brings down rich nutrients supporting the primary 

production which provides food for the fish.  The Pearl River Delta coastal sea and the estuary, 

have experienced over fishing and pollution for the recent two decades during the rapid 

development in the Delta region. The biodiversity declined significantly and the composition of 

fishery products was composed of small species with lower value. Now the composition of 

catches is not reasonable and the fishing intensity has not been under effective control yet. 

To study the degradation trend of the ecosystem and impact of fishing effort, this paper 

constructed static and dynamic models using Ecopath with Ecosim (EwE) to investigate the 

biomass flows in the ecosystem based on the food-web structure.  Using the basic and network 

analysis function of Ecopath, a trophic model in 1997-1999 was constructed to represent the 

m1ain biomass flow in the ecosystem and coherently quantify state variables as well as mass and 

energy flows between system components, which was based mostly on fish stocks data and the 

published literature. The model consisted of 26 functional groups. The results showed that the 

Pearl River Delta coastal sea ecosystem was composed of four aggregated trophic levels. This 
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study also analyzed the throughput, biomass, production and yield on each trophic level and 

system overall indices such as total system throughput, niches and mixed trophic impacts.  It 

was found that the ecosystem has three main trophic circulation pathways. The total system 

throughput analysis indicates that the ecosystem was in a relative a mature state. 

Keywords: Ecopath with Ecosim, the Pearl River Delta, ecosystem model, trophic interactions 

 

1． Introduction 

It has been widely recognized that ecosystem structure and function need to be taken into 

account with respect to sustainability of living aquatic resources, particularly trophic structure 

and flows of biomass through species interactions [1]. Measurements of biomass transfer between 

functional groups and trophic efficiency provide information on ecosystem structure and function, 

which can be used to evaluate the impact of change on some groups and the way it is propagated 

through the whole ecosystem via the trophic web[2-4] 

 Estuaries of large rivers and their coastal waters are one of the typical marine ecosystems. 

The Pearl River is the second largest river in China, in terms of the flow rate. The Pearl River 

Delta coastal sea (including the Pearl River Estuary) located in the south province of Guangdong 

represents the typical ecosystem of China’s coastal sea and have the characteristics of delta 

coastal waters driven by gradients originating from the combined influence of watershed and sea 

(Fig. 1). It plays a natural refuge and nursery area for hundreds of species, including some local 

and endangered species. The PRD coastal sea is an ocean space with distinct productivity, strong 

fishing activity and complicated relationship of food web. With the development of an 

interdisciplinary research project on exploitation in the PRD coastal sea, a vast amount of 

physical, chemical and biological information has become available. The purpose of this paper is 

to synthesize this information to quantify energy flow and to characterize some functional 

aspects of the PRD coastal sea. A steady state trophic model of the PRD coastal sea is developed 

to show the main trophic interactions and energy flow pathways, to describe the trophic 
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functioning of the ecosystem using holistic ecosystem properties and flow indices and to 

characterize the impact of components. 

2. Methods 

2.1 Modeling approach  

The trophic mass-balanced model for the PRD coastal sea is constructed based on Ecopath 

with Ecosim (EwE) model (version 5.0)[5]. The EwE model is an approach to analyzing trophic 

interactions in fisheries resources systems[6]developed on the base of the earlier work of 

Polovina[7-8]. It can balance steady state ecosystem models and calculating network 

characteristics of aquatic and terrestrial ecosystems[4]. The EwE model consists of a set of linear 

equations representing each functional group in the ecosystem, and describes the balance 

between biomass gains through production and losses. For each of the living groups it is assumed 

that the ecosystem model is in steady state, which indicates the input equals to the output. 

Quantitatively these processes are represented as: 
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where Bi is the biomass of functional group i in a given period of time; (P/B)i is the 

production/biomass ratio for functional group i , which equals to the coefficient of total mortality 

Z under steady state conditions[9]; EEi is the ecotrophic efficiency (the fraction of production 

consumed, fished or exported out the system); Yi is the fishing yield for i (Yi=FiBi, where Fi is the 

instantaneous rate of fishing mortality); Bj is the predator j biomass; (Q /B) j is the ratio of the 

consumption to biomass of predator j; DCji is the fraction of prey i in the diet of predator j. At 

least three of the parameters B , P /B , EE , and Q /B must be known for each group and the 

model estimates the fourth. In addition, the diet composition of all consumers is required[10]. 

2.2 Model structure 

There are many species in ecosystem, which makes functional groups division difficult. The 
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number of compartments[11]can be reduced to an amount according to type of biomass production 

(producer/consumer), habitat (water column/sediment), size (micro-, meso- and macro-), type of 

food (herbivorous, carnivorous, detritivorous, omnivorous) and way of feeding (filter feeders, 

mixed feeders, predators), which can be handled with some ease and still represent typical 

features of the trophic network.  

Considering above criteria and the availability of survey data in the region, the ecosystem is 

represented by 26 functional groups in the model. A functional group includes those species 

having the similar trophic role. Only those of particular interest are kept as individual groups: 

commercially important species such as shrimp, blue scad, bandfish, white croaker and 

Commerson's anchovy etc., and ecologically interesting species such as Chinese white dolphin, 

Sharks and birds respectively. The main primary producer of phytoplankton is identified and 

jellyfish is divided out of zooplankton as a discrete group. Benthic invertebrates are divided into 

microzoobenthos, macrozoobenthos, prawns, benthic crustacean and Logid. Additionally, the 

fisheries resources were divided into the pelagic and the demersal. The apex predator is designed 

for seabirds and sharks except for mammals, Chinese white dolphin. 

2.3 Database 

Input parameters for the model were derived either from published literatures or from field 

survey data. The biomass of fish was estimated from published reports [12], and calculated with 

the swept area method [13]using bottom trawl survey data during December 1997 to June 1999. 

The mollusca and zoobenthos biomass came from the same reports directly. For the pelagic and 

demersal fish groups their biomass were esitimated by the model using the fixed ecotrophic 

efficiency (EE=0.95). Other groups whose biomass data were difficult to estimate made 

reference to similar ecosystem model [14,15] whose location is included in our studied area.  

The Q/B relation represents the amount of food ingested by a group with respect to its own 

biomass in a given period. It is computed with the empirical equation.[16-17], in which 

environmental temperature, fish weight and size, and caudal fin morphology are taken into 
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account[18-29]. The P/B value corresponded to the instantaneous rate of natural mortality (M) is 

estimated using the empirical equation [30-31]. For those groups whose Q/B and P/B were absent, 

similar ecosystem model were referenced or got parameters from Fishbase[14-15]. 

A predator–prey matrix[32-38] is developed from reports of stomach contents for the different 

functional groups, using reports[14-15] for similar species or groups when no data were available. 

As possible as we can, information for different groups were gathered from the same source.  

2.4 Balancing of the model 

 The primary criterion EE is used to balance the model. Obviously, the value of EEi should 

be between 0 and 1. Gross efficiency of food conversion (GEi), which is equal to Pi/Qi, should 

lies between 0.1 and 0.3[5]. The model could balanced by checking the values of EEi and the 

gross efficiency of food conversion (GEi). The diet matrix is adjusted by modifying the initial 

values to produce small changes. Generally this approach[39]is selected just because diet is the 

source of more uncertainty, but it should be avoided large modifications resulting in changed 

feeding patterns of functional groups. In addition, reasonable changes can be made in input data 

Bi, Pi/Bi for inconsistent values of EEi or GEi until acceptable runs were obtained, i.e. EE < 1 and 

0.1 < GE < 0.3 for each functional group.  

3 Results and discussion 

The input and estimated parameters after balancing are shown in Table1, which includes 

biomass (B, wet mass), the ratio of production to biomass (P/B), the ratio of consumption to 

biomass (Q/B), the ratio of production to consumption (P/Q), the trophic level (TL) and the 

ectrophic efficiency for the functional group(EE). The first column shows a dimensionless index 

TL, which can be an integer or a fraction[40]. The trophic level TL=1 was assigned to producers 

and for other groups it was computed according the TL of the prey weighted by the proportion of 

the prey consumed. In Table 1 there are four discrete TLs. The maximum TL in the system was 

that of Chinese white dolphin (TL=4.21), which together with sharks (TL=4.19) constitutes the 
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top predators in the PRD coastal sea.  The TL values of most fish groups are very close as the 

reported literatures[33,35-36] , except for bandfish, which was reported that it has serious 

cannibalism data coming by literature[37]. B in Table 1 is the biomass in the area where the group 

most probably occurs. 

Generally speaking, primary producers have relative high EE value (0.90) and top predators 

have lower ones. As can be seen from Table 1, the EE values are generally high (beyond 0.808) 

for all fish groups, because these species play an important role in the trophical web and they 

face high predation risk. For the detritus group, a relatively low EE value is obtained, which 

implicates that the biomass accumulation is greater than the consumption. The difference is 

assumed to end up as accumulated detritus, buried as sediment here[5,39]. The lower efficiency 

values (0.204, 0.144,0) for Chinese white dolphin, Sharks and birds are easy to understand, 

because they have few predators in the ecosystems. Low EE values for the benthic producers and 

phytoplankton (0. 052, 0. 395) indicate these groups are not fully consumed, while the low EE 

values for zooplankton (0.231), Microzoobenthos (0.365) and Jellyfish (0.301) probably result 

from underestimated biomass. 

 The adjusted predator–prey matrix for balancing model is shown in Table 2. The basic 

attributes of the ecosystem are shown in Table 3. The total system throughput is up to 15244 

t·km-2·a-1, where internal consumption accounts for 32.6% of the total flows, respiration for 11%, 

detritus for 35.8%, and export out of the system (commercial fishing) for20.6%. Total primary 

production to respiration ratio (TPP/R) is 2.867, indicating that TPP is approximately 1.8 times 

more than respiration. The total primary production to biomass ratio was 18.134, which suggests 

a relatively mature state [41]. The connectance index is the proportion of theoretically possible 

trophic connections, which had a value of 0.237.  

Trophic interactions are shown by trophic niche overlaps in Fig. 2, where were expressed in 

proportions from 0 to 1. Values close to unity indicate high trophic niche overlap. The numbers 

indicate functional groups corresponding to Table 1.The predator niche overlap is shown in the 

left of the figure and the prey niche overlap is in the right. They together describe trophic niche 

 6



overlaps. High overlap corresponds to fishes and mollusca groups, such as blue scad and squids, 

Commerson's anchovy and Jellyfish. Top predators and some fishes also have high values both 

in prey and predator overlap, for example Chinese white dolphin and Sharks, Bandfish and True 

lizardfish, Golden thread and Truncatetail bigeye.  

The PRD coastal sea ecosystem is a complex one with many trophic energy flows as shown 

in Fig. 3. The size of the box is proportional to biomass for each group. Boxes are distributed on 

the Y-axis according to trophic level. As shown in this figure, there are three paths 

(phytoplankton, benthic producers and detritus) in the ecosystem). Most of the activities in terms 

of flow occurred in the lower part of the trophic web where zooplankton was a main food source, 

so the main pathway in this ecosystem appeared to be through zooplankton to herbivores, 

primary carnivores, second carnivores. 

The direct and indirect impact on the living groups in the system caused by groups at the 

left is shown in Fig. 4.  Positive impact is shown above the base line and negative is below. The 

impacts are relative but comparable between groups. In Fig.4, Sharks impact negatively on 

Chinese white dolphin, probably because they share similar prey. Compartments with low 

effective trophic levels such as detritus, benthic producers, phytoplankton and zooplankton 

affected almost all groups positively. Predators often have a negative impact on the system 

through cannibalism and predation on other fish. It is shown that other pelagic fish and other 

demersal fish compartments have contrary impact on other groups due to their different habitats. 

Some groups such as horse mackerel, red nullet, blue scad, Commerson's anchovy, Dussumier's 

anchovy and truncatetail bigeye have almost no impact on other groups, either because of its 

very small population or lack of information. For birds, no impact appeared may be due to 

absence of predators in our designed trophic web.  

4. Conclusions 

A trophic network has been constructed for the Pearl River Delta coastal sea based on the 

Ecopath with Ecosim model.  It provides a powerful tool to quantitatively investigate the 
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trophic state of the ecosystem by describing how matter and energy propagate among the food 

web. Thus a more holistic understanding of structure and functioning of the investigated system 

was obtained.  The model was applied to study the biomass transfer between functional groups 

and trophic efficiency to provide information on ecosystem structure and function. It can also be 

used to evaluate the impact of change on some groups and understand how it is propagated 

through the whole ecosystem via the trophic web. The results indicate that there are four 

aggregated trophic levels in the PRD coastal sea ecosystem and the ecosystem has three main 

trophic circulation pathways and most of the activities in terms of flow occurred in the lower part 

of the trophic web. The total system throughput is 15244 t·km-2·a-1 and internal consumption, 

respiration, detritus and export out of the system accounts for 32.6% , 11%, 35.8% and 20.6% 

respectively. The analysis of direct and indirect flows gives indications about the relative 

importance of the relationships between organisms and the relationships of organisms to the 

entire network. Trophic interactions shown by trophic niche overlaps indicate relatively serious 

overlap on prey and predator within the ecosystem. 
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Tables and figures 

Fig. 1. Map of the Pearl River Estuary and the PRD coastal sea 

 

Fig.2. Trophic niche overlap between functional groups. 
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Fig.3. Flowchart of trophic interaction in the Pearl River Delta system. All flows are expressed in t•km-2•a-1 



 

 

Fig. 4. Mixed trophic impact groups of the Pearl River Delta model. 

The impacted groups are on the top of the figure. 
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Table1 Input and estimated parameters (in bold)for the Pearl River Delta model 

Group name Trophic level B (t/km2) P/ B(/year) Q/ B(/year) EE P/ Q 

1.Sousa chinensis Osbeck 4.21 0.025 0.045 4.167 0.204 0.011 

2.Sharks 4.19 0.005 0.200 4.130 0.144 0.048 

3.Trichiurus haumela 4.07 0.020 2.460 6.900 0.838 0.357 

4.Saurida tumbil 3.99 0.006 2.126 7.990 0.968 0.266 

5.Trachurus japonicus 3.62 0.004 2.120 7.860 0.96 0.270 

6.Upeneus bensasi 3.62 0.002 1.770 10.280 0.959 0.172 

7.Birds 3.50 0.003 0.060 66.098 0.000 0.001 

8.Decapterus maruadsi 3.41 0.005 3.260 11.080 0.930 0.294 

9.Other pelagic fish 3.37 1.946 2.997 12.704 0.808 0.236 

10.Argyrosomus argentatus 3.20 0.002 2.010 7.710 0.931 0.261 

11.Other demersal fish 3.20 4.701 3.468 12.885 0.915 0.269 

12.Nemipterus virgatus 3.18 0.014 1.900 7.250 0.901 0.262 

13.Benthic Crustaceans 3.17 1.162 4.930 14.500 0.872 0.340 

14.Stolephorus commersoni 3.16 0.006 2.670 19.510 0.943 0.137 

15.Thrissa dussumieri 3.14 0.002 3.300 16.970 0.926 0.194 

16.Priacanthus macracanthus 3.12 0.008 1.020 8.000 0.953 0.128 

17.Jellyfish 3.00 1.529 5.011 25.040 0.301 0.200 

18.Logid 2.98 1.475 7.020 11.970 0.943 0.586 

19.Shrimps 2.78 1.800 3.080 16.352 0.853 0.188 

20.Macrozoobenthos 2.70 1.769 3.790 12.500 0.923 0.303 

21.Psenopsis anomala 2.20 0.323 1.400 27.270 0.984 0.051 

22.Microzoobenthos 2.09 70.370 6.570 27.400 0.365 0.240 

23.Zooplankton 2.00 14.700 32.000 192.000 0.231 0.167 

24 Benthic producwes 1.00 153.000 11.885 - 0.010 - 

25 Phytoplankton 1.00 13.000 231.000 - 0.770 - 

26 Detritus 1.00 200.000 - - 0.424 - 

General names of some groups are list here corresponding to their Latin names:Chinese white dolphin(Sousa chinensis 

Osbeck);bandfish(Trichiurus haumela);blue Scad(Decapterus maruadsi);True lizard fish(Saurida tumbil); White 

croaker(Argyrosomus argentatus); Golden thread(Nemipterus virgatus);Commerson's anchovy(Stolephorus commersoni);Horse 

mackerel(Trachurus japonicus) ;truncatetail bigeye (Priacanthus macracanthus);Squids(Logid);red nullet(Upeneus 

bensasi);Dussumier's anchovy(Thrissa dussumieri);wart perch(Psenopsis anomala).  

 



Prey \ Predator 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 19 19 20 21 22 23
1.Sousa chinensis Osbeck  0.011     
2.Sharks  0.007     

3.Trichiurus haumela   0.03 0.0006    

4.Saurida tumbil   0.004 0.033 0.00016    

5.Trachurus japonicus   0.058 0.00003    

6.Upeneus bensasi   0.012 0.015 9.6E-06    

7.birds       

8.Decapterus maruadsi   0.013 0.00059    

9.Other pelagic fish 0.327 0.285 0.246 0.196 0.4 0.202 0.056 0.05 0.055 0.1   

10.Argyrosomus argentatus   0.005 0.000063    

11.Other demersal fish 0.466 0.309 0.34 0.336 0.09 0.03 0.055 0.239 0.284 0.358 0.266   

12.Nemipterus virgatus    0.023 0.00039    

13.Benthic Crustaceans  0.112 0.029 0.042 0.075 0.078 0.112 0.033 0.012 0.024 0.079 0.065 0.028   

14.Stolephorus commersoni  0.006  0.036 0.00052    

15.Thrissa dussumieri   0.005 0.00024    

16.Priacanthus macracanthus  0.006  0.00012    

17.Jellyfish   0.00039 0.078 0.006    

18.Logid 0.204 0.204 0.02 0.201 0.029 0.02 0.088 0.11 0.066 0.029 0.05   

19.Shrimps 0.003 0.049 0.023 0.8 0.045 0.689 0.03 0.029  0.2 0.022 0.073   

20.Macrozoobenthos  0.012 0.03 0.006 0.148 0.017 0.00015 0.119 0.012 0.05 0.107 0.005   

21.Psenopsis anomala   0.084 0.1 0.005 0.005    

22.Microzoobenthos   0.001 0.252 0.216 0.671 0.044 0.016 0.272 0.47 0.41 0.003 0.08  

23.zooplankton   0.1 0.3 0.2 0.036 0.011 0.624 0.2 0.534 0.245 0.8 0.44 0.093 1 0.35 0.467 0.044 0.2   

24.Benthic producwes    0.128 0.125  0.301 0.087 0.174   

25.Phytoplankton    0.013 0.016 0.003  0.067 0.8 0.17 0.7 

26.detritus    0.047 0.031 0.224 0.323 0.432 0.14 0.266 0.413 0.75 0.3 

Sum 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1      

17

Table 2 Diet composition matrix for all function groups of the Pearl River Delta ecosystem model 
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Table 3 Ecosystem properties for the Pearl River Delta as computed by Ecopath 
 

   Parameter Value Unit 

Sum of all consumption 4969.903 t/km2/year

Sum of all exports 3139.846 t/km2/year

Sum of all respiratory flows 1681.559 t/km2/year

Sum of all flows into detritus 5452.194 t/km2/year

Total system throughput 15244 t/km2/year

Sum of all production 5812 t/km2/year

Calculated total net primary production 4821.405 t/km2/year

Total primary production/total respiration 2.867 － 

Net system production 3139.846 t/km2/year

Total primary production/total biomass 18.134 － 

Total biomass/total throughput 0.017 － 

Total biomass (excluding detritus) 265.875 t/km2 

Connectance Index 0.237 － 

System Omnivory Index 0.327 － 
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