
Introduction

Since the reform and opening up, the rapid 
development of China’s aquaculture industry has 
achieved remarkable accomplishments. The aquaculture 

production increased from 3.626×106 t in 1985 to 
5.018×107 t in 2015. In the past 30 years, the proportion 
of aquaculture in Chinese fisheries has nearly 
quadrupled, increasing from 45% to 75%, and becoming 
the world’s largest aquaculture producer (accounting 
for about 2/3 of the global aquaculture production) [1]. 
Aquaculture, as one of the fastest growing industries of 
China’s agriculture, has made important contributions 
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Abstract

The water quality of six different aquaculture systems in freshwater ponds was investigated in 
Jiangsu Province of China in order to elucidate the influence of different aquaculture systems on water 
quality. The six aquaculture systems involved in this study were: monoculture of shrimps and crabs, 
polyculture of shrimps and crabs, polyculture of fish and crabs, polyculture of crabs and various types 
of fish, and polyculture of different types of fish. The results showed that the water temperature of those 
six aquaculture ponds decreased from south to north and that all DO values were higher than standard 
value of Grade I water for Surface Water Quality Standards in China (GB 3838-2002) (DO≥7.5 mg /L). 
For all systems, the pH values ranged between 7.36 and 8.54, and nitrite concentrations were below 
China’s aquaculture water standard value (0.12 mg/L); however, all ammonia concentrations were higher 
than the national standard (0.20 mg/L). In comparison, water quality from the monoculture of shrimp 
and crabs was much better than that from other aquaculture combinations. Polyculture of different types 
of fish showed the highest nitrite (0.030 mg/L) and ammonia (0.86 mg/L) concentrations among the six 
aquaculture systems. In general, the pond aquaculture in china is in a rough management state, and 
strict and reasonable control of the aquaculture is urgently needed. So it is highly recommended that 
we establish an ecological and healthy aquaculture mode suitable for sustainable development of the 
aquaculture industry in China.
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for ensuring market supply, increasing farmers’ 
incomes, and improving the export competitiveness of 
agricultural products. However, the rapid development 
of the aquaculture industry has caused serious 
environmental pollution, which has been becoming a 
major concern for water resources in China, and it has 
become the third largest source of pollution following 
industrial and domestic pollution. Pond aquaculture is 
the main system for freshwater aquaculture in China 
and it accounted for 71.5% of China’s freshwater 
aquaculture in 2014 [2]. The aquaculture water in 
ponds is not only the source of aquatic breeding and 
cultivation, but also the decomposition site of feces, bait, 
etc. The decomposition of these substances not only 
increases the load of organic matter in water, but also 
accumulates in the sediment of the pond, aggravating 
the endogenous pollution of the water. Now, the concept 
of “ecology, health, and sustainable aquaculture”has 
been advocated by the Chinese government [3-4]. The 
technology of “integrated rice-fish breeding” has been 
widely used in China, Bangladesh, Vietnam, and Japan 
[5-8]. However, different systems or combinations of 
pond aquaculture resulting from a variety of cultured 
species, density, and breeding, have divergent effects on 
the water environment.

Jiangsu Province, with a total area of  
1.072×106 km2, is located in eastern China (116°18′-
121°57′E, 30°45′-35°20′N). The water coverage area 
of 1.73×105 km2 makes Jiangsu the largest province 
regarding water coverage among all provinces in 
China [9]. The aquaculture areas in Jiangsu reached 
0.80×105 km2 in 2016, and at present the aquaculture 
industry plays a key role in the development of Jiangsu 
agricultural economy [10]. Jiangsu, based on the Yangtze 
and Huaihe rivers, can be divided into three regions 
– South, Central, and North – and the aquaculture 
species used in these three regions are quite different, 
showing apparent regional characteristics. For example, 
in the area of Yangcheng Lake of southern Jiangsu, 
the aquaculture species of ponds are dominated by 

hairy crabs, while in the Luoma Lake area of northern 
Jiangsu, pond aquaculture is dominated by fish. 
Differences in aquaculture structures lead to differences 
in aquaculture water in ponds, which further results 
in different pollution effects of water surroundings 
and ecological environmental benefits. On the other 
hand, the quality of aquaculture water in ponds will in  
turn affect the yield and quality of the aquaculture 
products, thus affecting the economic benefits of the 
aquaculture.

Therefore, as a representative aquaculture province, 
Jiangsu was selected and used as one of the main 
research areas in China. Six different aquaculture 
systems in ponds were investigated and compared in 
order to clarify their influence on the resulting water 
quality. Based on these research findings, suggestions 
for the adjustment of local aquaculture structure and the 
development of environmentally friendly aquaculture 
mode are introduced.

Material and Methods 

Study Site

Six sites were selected for the present study in 
Jiangsu Province (Fig. 1), which are located in the areas 
of Suzhou Yangcheng Lake, Suzhou Taicang Dulou 
Xiaohai, Taizhou Qiuxue Lake, Yangzhou Gaoyou Lake, 
Huai’an Hongze Lake, and Suqian Luoma Lake. The 
research coverage spanned almost the whole area of 
Jiangsu from south to north.

Structure of Pond Aquaculture 

The six study sites represented respectively six 
different aquaculture structures in ponds (see Fig. 1). 
The aquaculture regions located in Suzhou Yangcheng, 
Suzhou Taicang Dulou Xiaohai, Taizhou Qiuxue, 
Yangzhou Gaoyou, Huai’an Hongze, and Suqian Luoma 

Fig. 1. Six study sites in Jiangsu Province.
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lakes were accustomed to using crab monoculture, 
polyculture of different types of fish, monoculture of 
shrimp, polyculture of shrimp and crab, polyculture 
of crabs and various types of fish, and polyculture of 
fish and crabs, respectively. Breeding combinations, 
breeding density, and aquaculture scale for each 
aquaculture structure are detailed in Table 1.

Sampling and Measurements

At the end of November 2017, six indicators of water 
quality, temperature (Tm), pH, dissolved oxygen (DO), 
oxidation-reduction potential(ORP), salinity (SAL), and 
electrical conductivity (EC) were measured in each of 
six ponds), in situ by YSI Professional Plus at a depth 
of 50 cm below the water surface. Water samples were 
collected via water sampler (CS-100 type plexiglass, 
2.5 L) from the ponds at depth of 50 cm from the water 
surface. Six samples from a pond were taken and mixed 
in a clean plastic bottle as a biological replicate, with 
three replicates for each pond. All water samples were 
taken back to the laboratory within 4 hours. Then all 
samples were immediately frozen at -20ºC for later 
analysis. For water samples, TN and TP were analyzed 
according to standard methods [11]. NH3 was measured 
by Nessler’s reagent spectrophotometry according  
to standard methods (HJ 535-2009) [12]. Nitrate 
and nitrite nitrogen were determined via UV 
spectrophotometry according to the standard methods 
(HJ/T 346-2007) [13]. Furthermore, chlorophyll a was 
determined using ethanol and spectrophotometry after 
suction filtration.

Statistical Analysis

All statistical analyses were performed using 
statistical package for the social sciences 22.0 (SPSS 
22.0) package and expressed as mean±SD. Data were 
analyzed by one-way analysis of variance (ANOVA), and 
significance was set at P<0.05. Multiple comparisons 

among means were conducted with Duncan’s new 
multiple range test.

Results and Discussion

Basic Water Quality for Ponds with Different 
Aquaculture Systems

Assessment of water quality for aquaculture ponds 
with different systems is shown in Table 2. The water 
temperature of six different aquaculture ponds changed 
between 7.12 and 3.46ºC from south to north, according 
to the geographical locations in Jiangsu (Fig. 1). the 
value of dissolved oxygen (DO) in six aquaculture ponds 
ranged from 11.36 to 17.09 mg/L, which was higher than 
the standard value of the Grade I water for the Surface 
Water Quality Standards in China (DO>7.5 mg /L) [14]. 
This value was also far higher than that of the Chinese 
fishery standard, indicating that DO in water of all 
aquaculture ponds was surplus. The pH of all the pond 
water was between 7.36 and 8.54, indicating that the 
water of all aquaculture ponds was weakly alkaline under 
the different aquaculture systems. A wide variation of 
chlorophyll a was found among different aquaculture 
water bodies. The chlorophylla concentration of  
147.45 ug/L was detected in the pond systems with 
different types of fishpolycultures, while chlorophyll 
a content below 4.00 ug/L was observed for all other 
aquaculture water bodies. The higher chlorophyll a 
in the ponds with different fish polycultures might be 
explained by the fact that the polyculture mode needs 
more feed, while the feed supply is bound to cause an 
increase of fish feces, feed residues, and other organic 
matter. Meanwhile, the decomposition of these organic 
matters would increase nitrogen and phosphorus 
contents in aquaculture water, which could cause 
an outbreak of cyanobacteria and other microbes in 
corresponding water bodies [15].

Table 1. Breeding density and area size of the six different aquaculture ponds.

Sample site Breeding structure Breeding density (per hectare) Size of sample 
site (hectare)

Qiuxue Lake 
in Taizhou Monoculture of Macrobrachium rosenbergii 600000 4.0

Yangcheng Lake 
in Suzhou Monoculture of Eriocheir sinensis (Chinese mitten crab) 13500 1.2

Gaoyou Lake 
in Yangzhou

Polyculture of Eriocheir sinensis and Macrobrachium 
rosenbergii 4500-5250, 1500-2250 1.0

Luoma Lake 
in Suqian Polyculture of Eriocheir sinensis and Aristichthys nobilis 2250, 3000; extensive low density 

breeding without feeding 2.0

Hongze Lake 
in Huaian

Polyculture of Eriocheir sinensis, Ctenopharyngodon 
idellus, Carassius auratus and Leiocassis longirostris

4500, 750-1500, 750-1500, 
750-1500 1.4

Dulou Xiaohai 
in Taicang

Polyculture of Mylopharyngodon piceus, Ctenopharyngo-
don idellus, Parabramis pekinensis, Aristichthys nobilis, 

Hypophthalmichthys molitrix and Carassius auratus
45, 4290, 1155, 795, 1515, 5700 1.6
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Nitrogen Concentrations in the Ponds 
with Different Aquaculture Systems

The nitrogen levels for different aquaculture 
water bodies in six ponds are shown in Figs 2 
and 3. The lowest nitrogen level was detected in  
the water body of the ponds with monoculture of crab, 
with the concentrations of TN of 0.90 mg/L, NO3

-N 
0.06 mg/L, NO2

-N 0.007 mg/L and NH3 0.16 mg/L. 
The nitrogen concentration in water body of the 
monoculture of shrimp was the second lowest, 
followed by that of the monoculture of crab. However, 
the nitrogen level, TN 1.81 mg/L, NO3

-N 1.22 mg/L, 

NO2
-N 0.016 mg/L and NH3 0.71 mg/L, in the 

aquaculture water of polyculture of both crab and 
shrimp were significantly higher than those in the 
pond of monoculture of crab or shrimp, which 
indicates that the water quality varies greatly between 
polyculture and monoculture modes. In addition, 
the concentrations of TN 1.47 mg/L and NH3 
0.41 mg/L in the water bodies from the polyculture 
pond of the crab-fish were much lower than that  
(TN 1.99 mg/L and NH3 0.70 mg/L) from the polyculture 
pond of crab and mult-species fish. Moreover, a 
polyculture pond with different types of fish displayed 
the highest TN and NO2

-
-N levels of 2.19 mg/L and 

Table 2. Water quality parameters of the six different aquaculture systems in winter.

Physical parameters Chemical parameters Biological 
parameters

Temperature 
(ºC) Salinity (ppt) Conductivity 

(us/cm) OPR (mV) pH DO (mg/L) Chlorophyll a 
(ug/L)

Qiuxue Lake 
in Taizhou 6.02±0.28c 0.212±0.008d 276.92±1.36c 143.72±0.27d 8.41±0.20b 14.79±0.24b 1.008±0.014b

Yangcheng Lake 
in Suzhou 6.46±0.21b 0.192±0.011e 250.28±1.21e 133.20±0.10e 10.30±0.16a 17.09±0.14a 1.642±0.035b

Gaoyou Lake 
in Yangzhou 4.14±0.25d 0.196±0.009e 255.06±0.91d 93.10±0.23f 8.44±0.22b 13.11±0.25d 1.895±0.058b

Luoma Lake 
in Suqian 3.46±0.21e 0.316±0.009a 398.68±1.08a 273.00±0.12a 7.41±0.12c 11.68±0.17e 2.955±0.114b

Hongze Lake 
in Huai’an 4.16±0.18d 0.236±0.009c 296.20±1.47b 254.30±0.12b 7.36±0.17c 11.36±0.31f 3.152±0.081b

Dulou Xiaohai 
in Taicang 7.12±0.22a 0.296±0.009b 399.90±1.24a 159.12±0.22c 8.54±0.21b 13.42±0.18c 147.454±1.564a

Fig. 2. Concentrations of total nitrogen and nitrate in water 
bodies of the six different aquaculture systemsin winter: A) 
Qiuxue Lake, B) Yangcheng Lake, C) Gaoyou Lake, D) Luoma 
Lake, E) Hongze Lake, F) Dulou Xiaohai.

Fig. 3. Concentrations of nitrite nitrogen and ammonia nitrogen 
in water bodies of the six different aquaculture systems in winter: 
A) Qiuxue Lake, B) Yangcheng Lake, C) Gaoyou Lake, D) 
Luoma Lake, E) Hongze Lake, F) Dulou Xiaohai.
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0.030 mg/L, which exceed the Chinese fishery 
aquaculture water standard [16].

The accumulation of NO2
-N and NH3 in aquaculture 

water would cause the occurrence of fish poisoning [17, 
18]. Therefore, the related agency in China has worked 
out a national standard for NO2

-N and NH3 levels in 
aquaculture water bodies. Although the concentrations 
of nitrite in the water of the six pond systems were 
much lower than the national standard (0.12 mg/L) of the 
fishery aquaculture water, the ammonia level was higher 
than the national standard of 0.20 mg/L. Normally, the 
concentration of ammonia nitrogen should be strictly 
controlled below 0.20 mg/L in aquaculture water during 
the growing season, otherwise the fish would suffer 
from ammonia poisoning symptoms or even die due 

to a too-high ammonia nitrogen level [19]. However, in 
the present study the residues and feces in the breeding 
process would be continually deposited in the bottom of 
the ponds if post-harvest sampling was used [20]. These 
compounds in pond bottoms would be decomposed 
in the later stage, resulting in an excess of ammonia 
nitrogen in the aquaculture water bodies. 

TP Concentrations in Ponds with Different 
Aquaculture Systems

The TP levels in water bodies of the six ponds with 
different aquaculture structures are shown in Fig. 4. 
The aquaculture water with shrimp monoculture 
showed the lowest TP value of 0.01 mg/L among the six 
aquaculture systems, while the highest TP concentration 
of 0.41 mg/L was detected in water bodies of the 
polyculture pond with different types of fishes. It is 
noteworthy that the TP concentration of 0.05 mg/L in 
the water of shrimp and crabs polyculture pond was 
higher than that in either shrimp monoculture with 
0.01 mg/L or crab monoculture with TP 0.03 mg/L. In 
addition, the TP level of aquaculture water increased 
from 0.02 mg/L to 0.06 mg/L when aquaculture 
combinations from crabandfish polyculture to the crabs 
and various fish polycultures in the pond. Among all 
six ponds with different aquaculture systems, only in 
the polyculture pond with different types of fish was 
the TP concentration of 0.41 mg/L slightly higher than 
the standard limit of Class V of China Environmental 
Quality Standard for Surface Water (0.4 mg /L). 

Thus, it can be deduced that the water bodies of 
the ponds with polyculture systems were in eutrophic 
status caused mainly by high levels of nitrogen and 

Physical parameters Chemical parameters Biological 
parameters

T SAL C OPR pH DO TN NO3
--N NO2

--N NH3-N TP Chl.a

T

SAL -0.146

C -0.022 0.990**

OPR -0.520 0.674 0.575

pH 0.673 -0.516 -0.438 -0.691

DO 0.687 -0.582 -0.514 -0.666 0.954**

TN -0.021 0.385 0.423 0.132 -0.622 -0.684

NO3
--N -0.598 0.200 0.152 0.367 -0.758 -0.864* 0.730

NO2
--N 0.247 0.642 0.720 0.049 -0.254 -0.421 0.781 0.381

NH3-N -0.094 0.355 0.391 0.075 -0.420 -0.622 0.860* 0.786 0.826*

TP 0.584 0.475 0.582 -0.102 0.060 -0.093 0.627 0.123 0.919** 0.680

Chl.a 0.624 0.515 0.625 -0.105 0.083 -0.047 0.579 0.022 0.904* 0.595 0.991**

*  Correlation is significant, P<0.05              **  Correlation is extremely significant, P<0.01

Fig. 4. Total phosphorus content in water bodies of the six 
different aquaculture systems in winter: A) Qiuxue Lake, B) 
Yangcheng Lake, C) Gaoyou Lake, D) Luoma Lake, E) Hongze 
Lake, F) Dulou Xiaohai.

Table 3. Correlation analysis of water quality parameters and nutritioningredient contents.
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phosphorus. This deterioration of water quality would 
greatly threaten the yield and quality of fish in the 
aquaculture pond. Moreover, the high nitrogen and 
phosphorus levels in the water body are the main reasons 
for the outbreak of cyanobacteria and water blooms [21], 
which also resulted in high content of chlorophyll a in 
the aquaculture water. 

Correlation Analysis of Water Quality Parameters 
in Aquaculture Ponds

The correlation between water quality parameters 
in each aquaculture pond was analyzed (Table 3). 
Significant positive correlations were found between the 
SAL and the electrical conductivity (r = 0.990, P<0.01) 
and between the DO and pH value (r = 0.954, P<0.01). 
Conversely, negative correlations existed between DO 
and TN or TP, and between DO and different forms 
of nitrogen. Therefore, it could be deduced that the 
higher the concentration of nitrogen and phosphorus in 
aquaculture water, the lower the dissolved oxygen in 
the aquaculture water. In addition, a positive correlation 
was found between TN and NO3

-N or between TN and 
NO2

-N, or between TN and NH3 in aquaculture water, 
with correlation coefficients of 0.730, 0.781, and 0.860, 
respectively. However, no significant positive correlation 
was detected between TN and TP in aquaculture ponds, 
but there was a significant positive correlation between 
TP and chlorophyll a content in this study (r = 0.991, 
P<0.01). This positive correlation between chlorophyll a 
and TP was in accordance with previous studies [22-24].

Conclusions

As one of the most representative areas of China’s 
aquaculture, Jiangsu Province owns a large number 
of aquaculture systems. To investigate and analyze 
water quality in different aquaculture systems in Jiang 
Province is of great significance to the adjustment 
of aquaculture structure and the development of 
ecological aquaculture in China. In the present study, 
comparative analysis revealed that the water quality 
in the monoculture mode of the shrimp or crab was 
the best among the six pond systems, while the water 
quality in polyculture of the different types of fish 
was the worst. The ammonia concentration in six 
aquaculture pond systems exceeded Chinese fishery 
aquaculture water standards (0.20 mg/L) in winter. 
The results demonstrated that the pond aquaculture 
in China is in an extensive management state and the 
corresponding control strategy is urgent. Considering 
the characteristics of regional aquaculture in Jiangsu 
province, it is highly recommended to promote the 
ecological and environmentally friendly aquaculture 
technology, such as integrated breeding, multi-nutrient 
aquaculture, compound artificial wetland, and pond 
aquaculture with water circulation. These measures 
could contribute to solving a series of unbalanced, 

uncoordinated and unsustainable problems that occurred 
during the process of pond aquaculture, so as to form 
an ecological aquaculture mode suitable for developing 
aquaculture industry and also having a larger water 
environment capacity.
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