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Abstract  In order to investigate the culture characteristics of two indoor intensive Litopenaeus vannamei farming modes, recircu-
lating aquaculture system (RAS) and water exchange system (WES), this study was carried out to analyze the water quality and ni-
trogen budget including various forms of nitrogen, microorganism and chlorophyll-a. Nitrogen budget was calculated based on feed 
input, shrimp harvest, water quality and renewal rate, and collection of bottom mud. Input nitrogen retained in shrimp was 23.58% and 
19.10% respectively for WES and RAS, and most of nitrogen waste retained in water and bottom mud. In addition, most of nitrogen in 
the water of WES was TAN (21.32%) and nitrite (15.30%), while in RAS was nitrate (25.97%), which means that more than 76% of 
ammonia and nitrite were removed. The effect of microalgae in RAS and WES was negligible. However, bacteria played a great role in 
the culture system considering the highest cultivable cultivable bacterial populations in RAS and WES were 1.03×1010

 cfu mL−1 and 
2.92×109

 cfu mL−1, respectively. Meanwhile the proportion of bacteria in nitrogen budget was 29.61% and 24.61% in RAS and WES, 
respectively. RAS and WES could realize shrimp high stocking culture with water consuming rate of 1.25 m3 per kg shrimp and 3.89 m3 
per kg shrimp, and power consuming rates of 3.60 kw h per kg shrimp and 2.51 kw h per kg shrimp, respectively. This study revealed the 
aquatic environment and nitrogen budget of intensive shrimp farming in detail, which provided the scientific basis for improving the 
industrial shrimp farming. 
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1 Introduction  
Shrimp aquaculture has been an important fishery pro-

duction in China. In 2015, the total production of shrimp 
was 1161340 metric tons, accounting for 80.93% of crus-
tacean yields. The pacific white shrimp (Litopenaeus 
vanname) was the major aquaculture species due to its 
advantages over other species, such as high yield, strong 
adaptability, fast growth, among others, with production of 
893182 metric tons, accounting for 76.90% of total shrimp 
production (CFSY, 2016). 

Traditional extensive shrimp farming contributes a lot to 
providing high-quality protein. But it is with the cost of 
water pollution and habitat destruction. In addition, it is 
susceptible to the change of climate. Compared to the 
traditional extensive pond culture mode, the indoor inten-
sive shrimp culture mode, namely industrialized culture 
mode, could provide a relatively stable culture environ-
ment for shrimp which is necessary for continuous high 
yield. Water exchange system (WES) and recirculating  
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aquaculture system (RAS) are two typical indoor intensive 
culture modes. The object of both of them is to provide a 
stable and controllable condition for the cultured species. 
WES maintains the culture condition by water exchange. It 
would consume plenty of fresh water. However, water in 
RAS can be (partially) reused after the treatment (Rosen- 
thal et al., 1986). RAS is a water saving and environment- 
friendly aquaculture system, and it has already been ap-
plied successfully to culture fish, including African catfish, 
eel, trout, turbot, seabass and sole (Martins et al., 2010). 
Many scientific reports have been published to illustrate 
the application of RAS in fish aquaculture, and it has been 
found that RAS has many advantages in terms of reducing 
water consumption (Verdegem et al., 2006), improving 
waste reuse and nutrient recycling (Piedrahita, 2003), 
providing a better hygiene and disease management 
(Summerfelt et al., 2009; Tal et al., 2009) in comparison 
with WES(d’Orbcastel et al., 2009a; Kolarevic et al., 2014; 
Colson et al., 2015; d’Orbcastel et al., 2009b; Attramadal 
et al., 2012). As to shrimp aquaculture, RAS has initially 
been used in parent shrimp culture (Otoshi et al., 2003), 
and recently it has also been applied in industrialized 
culture of the Pacific white shrimp (Holl et al., 2011). 
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Nitrogen is the most important nutrient element in 
aquaculture system. Nitrogen budget is not merely related 
to the assimilation efficiency of cultured species for feed 
nitrogen (Thoman et al., 2001), but also affects the culture 
condition and adjacent environment, since inorganic ni-
trogen is toxic to aquatic organism (Lin and Chen, 2001; 
Lin and Chen, 2003; Kuhn et al., 2010) and responsible for 
water eutrophication (Dierberg and Kiattisimkul, 1996; 
Naylor et al., 1998). Previous studies (Muthuwan, 1991; 
Briggs and Fvnge-Smith, 1994; Jackson et al., 2003; Tha- 
kur and Lin, 2003) showed that less than 31% of feed 
nitrogen could be harvested as shrimp biomass. Much of it 
was discharged to adjacent water area, causing eutrophi-
cation, and reducing farming profitability. By now, there 
are a lot of reports on nitrogen budget of shrimp pond 
culture system, while only a few reports are with respect to 
industrialized shrimp culture system. 

The nitrogen budget and water quality change in RAS 
and WES for shrimp aquaculture were investigated in the 
present study in order to understand nitrogen output in 
detail and seek strategies to improve the use efficiency of 
nutrients in the industrialized shrimp culture system. 

2 Materials and Methods 
2.1 Experimental Site and Condition 

The study was carried out from July to September, 2016, 
in Weifang New Earth Aquiculture Co., Ltd., Shandong, 
China (37˚01΄N, 119˚13΄E). Water used for shrimp culture 
is a mixture of underground freshwater and brine, and the 
final salinity (Sal) was adjusted to 17 g L−1. Water was 
disposed with ozone and heated to 28℃ before pumped 
into shrimp culture system. Roots blower was used for 
aeration, while pure oxygen was prepared for emergencies.  

2.2 Experimental Rearing Systems 

RAS and WES were in aquaculture plant that covered 
with double-deck transparent plastic film and black felt for 
partial lighting and thermal insulation. Both culture sys-
tems included 10 culture tanks (6 m×6 m×1.1 m, actual use 
area was 32 m2) in parallel, and the water depth was 0.85 m.  

 

 
Fig.1 Composition and flow chart of RAS. 

  The composition and running process of RAS are shown 
in Fig.1. The multi-stage biofilters included seven tanks, 
while four of them were filled with elastic brush media and 
the other three ones were filled with suspended porous 
media. Daily cycle rate of RAS was about 7 d−1. The cul-
ture tanks and inlet/outlet structure of WES was the same 
as RAS. The culture periods of RAS and WES were both 

50 days. For WES there was a low daily water exchange 
rate (about 12%) in the first 19 days, thereafter, daily water 
exchange rate was 60%. Water flow rate of RAS was 80 m3

 

h−1, with seven daily hydrologic cycles. There were three 
manage periods for RAS with the water exchange rates of 
5%, 12% and 20%, respectively. In summary, the mean 
water exchange rate of WES and RAS was 44% and 10%, 
respectively. 

2.3 Experimental Design 

L. vanname larvae were purchased from Hainan Prov-
ince, China, with the initial body length approximately 5 

mm. They were reared in shrimp larvae plant for about one 
month before experiment. The average weight of the 
shrimps was 0.87 ± 0.03 g.  

L. vanname cultured in RAS was compared to those in 
WES for a raised period. Three days before the juvenile 
prawn were shifted into RAS, probiotics were inoculated 
into the biofilters with some fish meal as nutrition for 
accelerating biofilm development. Both rearing systems 
were stocked with the same initial density of 656 shrimps 
per m2 (18 kg shrimp for each tank). Shrimps were fed six 
times a day (at 1:00, 5:00, 9:00, 13:00, 17:00 and 21:00) 
with formulated feed (41% proteins) and some organisms 
including artemia, clam meat and scallop skirt. Daily feed-
ing rate was 6% of the biomass at the beginning and ad-
justed according to the actual feeding condition. The total 
feed, residual feed and feces, as well as water exchange 
quantity and nitrogen concentration were monitored to 
calculate nitrogen input and output. Furthermore, chloro-
phyll-a, total cultivable bacteria, total vibrio and turbidity 
were measured to assess the culture condition and estimate 
the effect of microalgae and bacteria on nitrogen budget.  

2.4 Measurements 

O2, pH, temperature and salinity were recorded with 
YSI (YSI Incorporated, Yellow Springs, OH, USA). Tur-
bidity was measured by turbidimeter (Yuefeng, Shanghai, 
China). Other physicochemical parameters, chlorophyll a, 
total cultivable bacterial amount and total vibrio amount 
were monitored every ten days. During the ten days, the 
bottom mud were collected three times. 

Some shrimp samples (about 100 individuals) were 
taken randomly at the beginning and end of the experiment 
to measure the mean weight and water content. Bottom 
mud was collected via filter screen (48 μm in mesh size) at 
drain outlet and drum filter, and measured its water con-
tent. Nitrogen content in shrimp, bottom mud and feed 
were determined through elemental analyzer (Vario EL 
cube; Elementar, Germany).  

Water samples were taken 3 h after the morning meal 
between 8:00 and 9:00 from three tanks and the inlet/outlet 
of biofilter. Some water was filtered through 0.22-µm- 
pore-diameter filter membrane for the detection of nitrite, 
ammonia, nitrate and dissolved nitrogen. The remaining 
water was left for detection of total nitrogen, chlorophyll-a, 
total cultivable bacteria, total vibrio and turbidity. Equal 
quantity of water was collected from three tanks of RAS 
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and WES, respectively, every day, and was frozen at 
−20℃. The water from each culture systems was melted 
and mixed, respectively, every ten days, and various forms 
of nitrogen were determined to estimate the nitrogen dis-
charge in different forms.  

Nitrite nitrogen (NO2
−-N) was measured by spectro-

photometric method (Bendschneider and Robinson, 1952). 
Total ammonia nitrogen (TAN), nitrate nitrogen (NO3

−-N) 
and total nitrogen (TN) were measured by standard 
methods for the examination of water and wastewater 
(APHA., 1981). Dissolved organic nitrogen was calculated 
by the margin calculation between total dissolved nitrogen 
and inorganic nitrogen (e.g., nitrite, total ammonia and 
nitrate). The nitrogen of suspended particles was figured 
out by the difference between total nitrogen and total dis-
solved nitrogen.  

Chlorophyll-a concentration was measured by hot- 
ethanol method (Chen et al., 2006), then nitrogen content 
of microalgae was estimated through carbon chlorophyll-a 
ratio (Lue et al., 2009) and carbon nitrogen molar ratio 
(Mei et al., 2011). Total cultivable bacteria amount was 
enumerated by spread plate method (APHA, 1981) with 
marine agar 2216E media (OPPENHEIMER, 1952), and 
bacteria nitrogen biomass was estimated through its popu- 
lation (Lee and Fuhrman, 1987). Vibrio number was e- 
numerated by TCBS agar media (Turner et al., 2009; 
Thompson et al., 2004; Pfeffer et al., 2003) for reflecting 
the status of disease. In addition, the bacteria and vibrio 
number in bottom mud were also monitored by spread 
plate method.  

2.5 Statistical Analysis 

The statistical analysis was performed using SPSS 
program version 13.0 (SPSS, Chicago, IL, USA), an in-
dependent samples T test was conducted to compare the 
significant differences between RAS and WES on shrimp 
growth performance and water quality, and one-way 
ANOVA was conducted on the change of bacteria number.  

3 Results 
3.1 General Water Quality 

The make-up water quality was roughly constant during  

Table 1 General quality of make-up water  

 T 
(℃) 

Sal 
(g L−1) 

pH 
TAN 

(mg L−1) 
NO2

−-N 
(mg L−1) 

NO3
−-N

(mg L−1)
TN 

(mg L−1)
Mean value 25.67 17.05 7.95 0.04 0.02 0.04 0.10 
SD† 0.35 0.28 0.10 0.002 0.004 0.000 0.009

Note: † Standard deviation. 

Table 2 O2, pH, temperature, turbidity and salinity of 
rearing water 

Aquaculture 
mode 

O2 
(mg L−1) 

pH 
T 

(℃) 
Turbidity 
(NTU) 

Sal 
(g L−1) 

RAS 5.67± 0.30 7.43± 0.15 27.03± 0.35 5.40± 1.33 17.03 ± 0.05
WES 5.22± 0.22 7.76± 0.18 25.98± 0.10 8.43± 4.12 16.79 ± 0.06

  * * *  

Notes: RAS, recirculating aquaculture system; WES, water ex-
change system; * Significant difference with P < 0.05. 

the whole experiment (Table 1). The DO, pH, temperature, 
turbidity, salinity of rearing water are presented in Table 2. 
The pH value was significantly lower in RAS than in WES. 
Due to the relatively lower water renewal rate, the water 
temperature in RAS was significantly higher than that in 
WES. Although WES had high water exchange rate, the 
turbidity of WES was significantly higher than that of RAS. 

3.2 Water Quality and Rearing Condition 

The general rearing water condition is shown in Table 
2. The various forms of nitrogen in RAS and WES are 
presented in Figs.2 and 3. On account of the high stock-
ing density and low water renewal rate in earlier period, 
TAN in WES reached a high level (10.11 mg L−1) on the 
tenth day. Increasing water renewal rate (60%) could re-
duce TAN, but its effect was limited. TAN was increased 
continuously from day 20 to day 50 and reached 11.9 mg 

L−1 at the end of the breed period. TAN also reached a 
high level (6.44 mg L−1) in the first 10 days of RAS due to 
the immaturity of biofilm in biofilter. Ten days later, the 
biofilter could control TAN and keep it at a relatively low 
level, with an average concentration of 1.02 mg L−1.  

 

 
Fig.2 Fluctuation of various forms of nitrogen in WES 
during culture period (50 days). WES, water exchange 
system; SSN, suspended solid nitrogen; DON, dissolved 
organic nitrogen. 

 

 
Fig.3 Fluctuation of various forms of nitrogen in RAS 
during culture period (50 days). RAS, recirculating aqua-
culture system; SSN, suspended solid nitrogen; DON, 
dissolved organic nitrogen. 
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Nitrite was at low concentration during the first ten 
days in WES. After that, nitrite increased quickly and 
reached the peak (7.72 mg L−1) on day 20. The final con-
centration of nitrite in the WES was 6.14 mg L−1. Since 
probiotics were inoculated into the biofilter could work 
fast. In the first ten days a large quantity of ammonia was 
transformed into nitrite and nitrite concentration reached 
the peak (8.80 mg L−1) at the 10th day. Furthermore, 20 
days later, nitrite dropped to a low and safe level. Thus 
RAS could control harmful nitrogen efficiently. 

Nitrate in WES was at a low level during the culture 
period with the mean concentration of 0.68 mg L−1. But in 
RAS, nitrate continuously increased and reached 32.4 mg 

L−1 in the end. Most of the toxic ammonia and nitrite in 
RAS were transformed into less toxic nitrate. 

Dissolved organic nitrogen (DON) and suspended solid 
nitrogen (SSN) were relatively stable in WES and RAS. 
The mean DON of WES and RAS were 1.66 mg L−1 and 
2.40 mg L−1 respectively. The mean SSN of RAS was sig-
nificantly (P < 0.01) lower than that of WES due to the 
effect of drum filter in RAS. 

The culture plant was adopted to partial lighting, and 
the light intensity was ranged from 1000 to 10000 Lux in 
the daytime. In general, except during the first ten days 
that chlorophyll-a in WES (0.1532 μg L−1) was signifi-
cantly (P < 0.01) higher than that in RAS (0.0029 μg L−1), 
chlorophyll-a was at a low level in both culture systems 
with the mean values of 0.0041 μg L−1 and 0.0039 μg L−1 
respectively. 
  The cultivable bacterial population in culture systems 
fluctuated significantly during the culture period, as 
shown in Fig.4 and Fig.5. After the first 15 days, the cul-
tivable bacteria population in WES and RAS were 3×107

 

cfu mL−1 and 0.52×107
 cfu mL−1 respectively. Then it grew 

rapidly in RAS and reached 1.03×1010
 cfu mL−1 at the 

25th day. Thereafter, the cultivable bacteria population 
declined but still at high level. The cultivable bacterial 
population in WES grew slowly and reached the peak 
(2.92×109

 cfu mL−1) at the 35th day and declined sharply 
at the 45th day (1.04×108

 cfu mL−1). The fluctuation of 
vibrio population in WES was similar to that of cultivable 
bacteria. At the 15th day, the vibrio concentration in WES 
was 0.13×104

 cfu mL−1, and increased slowly to 2.23×104
 

cfu mL−1 at the 35th day, then remained stable. The vibrio 
increased rapidly in RAS and reached 2.42 ×104

 cfu mL−1 
at 15th day, and grew to 5.15×104

 cfu mL−1 at 25th day. In  
 

general, the bacteria population level in RAS was higher 
than that in WES. 

 

 
Fig.4 Fluctuation of bacterial population in WES and RAS 
during culture. WES, water exchange system; RAS, re-
circulating aquaculture system. a and b indicate statistical 
differences at P < 0.05. 

 
Fig.5 Fluctuation of vibrio population in WES and RAS 
during culture. WES, water exchange system; RAS, re-
circulating aquaculture system. a and b indicate statistical 
differences at P < 0.05. 

3.3 Shrimp Growth Performance 

The growth performance of shrimp in RAS and WES 
systems is shown in Table 3. The growth rate of shrimp in 
RAS and WES systems was 0.184 g d−1 and 0.186 g d−1, 
respectively. The survival rate of shrimp in RAS and 
WES systems was 68.97% and 75.45%, respectively. 
Comparing the results of growth rate, survival rate and 
final yield, the growth performance of shrimp in RAS 
was slightly inferior but comparable to that in WES.  

Table 3 Growth performance of shrimp in RAS and WES systems 

Initial Final  

Weight (g) Stocking density (ind m−2) Total weight (kg) Weight (g) Stocking density (kg m−2) Total weight (kg)

RAS 0.87 ± 0.03 656 ± 29 182.5 9.92 ± 1.31 4.49 ± 0.75 1436.7 
WES 0.87 ± 0.03 656 ± 29 182.5 10.04 ± 1.40 4.97 ± 1.01 1590.8 

  Notes: WES, water exchange system; RAS, recirculating aquaculture system. 
 

3.4 Energy Consumption 

In WES, the main power consumption was roots blower. 
In RAS, water-circulating pump, ozone disinfection, and 
biofilter aeration were also included in the energy con-
sumption. In summary, the energy consumptions of WES 

and RAS during the experimental period (50 days) were 
3540 kw h and 4514 kw h respectively. · 

3.5 Nitrogen Budget 

Feed and juvenile shrimp were main nitrogen input re-
sources. Feed nitrogen inputs were 155.57 kg and 170.20  
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kg respectively in WES and RAS. Feed is taken a 100% 
of nitrogen input and net shrimp harvest (juvenile shrimp 
is subtracted) is taken as shrimp harvest nitrogen. The 
nitrogen output was shown in Fig.6. Only 23.58% and 
19.10% of the input nitrogen were recovered in shrimp. 
The nitrogen remained in bottom mud in WES was 
18.03%, which was significantly lower than the propor-
tion of 26.64% in RAS. The largest proportion over the 
study was contained in water (51.09% in WES, 41.44% in 
RAS). In accordance with the result of water quality, the 
proportion of nitrite and TAN in WES were up to 15.30% 
and 21.32% respectively, however the proportion of ni-
trite and TAN in RAS were only 4.33% and 3.85% re-
spectively. The nitrogen output of nitrate in WES was 
only 2.91%, while the proportion in RAS was 25.97%. 
Due to the filtration effect of drum filter, the turbidity in 
RAS (5.40 ± 1.33 NTU) was significantly lower (P < 0.05) 
than that in WES (8.43 ± 4.12 NTU) (Table 2). Therefore, 
the proportion of SSN in WES and RAS were 6.35% and 
3.14%, respectively. 

 

 

Fig.6 Nitrogen output account for nitrogen input of feed 
in WES and RAS. WES, water exchange system; RAS, 
recirculating aquaculture system; SSN, suspended solid 
nitrogen; DON, dissolved organic nitrogen. a Including 
dead shrimp but get rid of initial juvenile shrimp. b In-
cluding bottom mud of biofilters. 

4 Discussion 
4.1 Present Intensive Farming Contrast to Tradi-

tional Extensive Farming 

Compared with traditional pond culture, the industrial-
ized shrimp culture generally has a higher culture density 
(Jackson et al., 2003; Thakur and Lin, 2003; Perez- 
Velazquez et al., 2008). High stocking density could im-
prove culture efficiency and get more benefits, but high 

feed input and meticulous management on aquaculture 
environment are also necessary. In the present study, both 
TAN and nitrite could exceed safety level (Lin and Chen, 
2001; Lin and Chen, 2003) in the culture period. The 
ammonia and nitrite reached up to 11.90 and 7.92 mg L−1, 
respectively in WES, and reached up to 6.29 and 8.80 mg 

L−1 respectively in RAS, which was much higher than 
that of traditional pond farming (Thakur and Lin, 2003; 
Jackson et al., 2003). TAN and nitrite with high concen-
tration have great threat to shrimp and they need to be 
controlled in secure level. It makes a great difference for 
the management of intensive and industrial shrimp farm-
ing. 

High stocking density makes the water circumstance 
deteriorate rapidly. In order to maintain rearing environ-
ment, WES relies on water exchange and RAS relies on 
water purification. On the whole, the mean daily water 
renewal rate of WES was 44%, and 1 kg shrimp yield 
consumed 3.89 m3 water. The mean daily water renewal 
rate of RAS was 10%, and 1 kg shrimp yield consumed 
1.25 m3 water. Compared to WES, RAS could realize the 
water saving rate of 68%. Meanwhile, high stocking den-
sity also means high power consumption. One kilogram 
shrimp yield consumed 3.60 kW h and 2.51 kW h power 
respectively for RAS and WES. 

4.2 Aquatic Environment of WES and RAS 

Water quality in WES was even worse than that in RAS, 
although a large amount of water was exchanged to main-
tain the circumstance. The most severe problem of WES 
was ammonia accumulation. The daily water exchange 
rate of sixty percent could not control ammonia level ef-
fectively. Since the 20th day, TAN was progressively in-
creased and reached up to11.90 mg L−1 at the end of the 
experiment (Fig.2). It outdistanced the safety level and 
had serious threat to shrimp. Compared to ammonia, ni-
trite was easier to control for WES and below the safety 
level during most of the experimental time. RAS was 
adept in controlling ammonia and nitrite. Ammonia and 
nitrite accumulated in the early stage due to the immatur-
ity of biofilter. But 20 days later, both TAN and nitrite 
were maintained at safety level. The lowest concentra-
tions of TAN and nitrite in RAS was 0.43 mg L−1 and 0.50 

mg L−1, respectively. RAS could remove harmful nitrogen 
via nitrification and transform ammonia and nitrite into 
low toxic nitrate.  

4.3 Intensive Shrimp Culture Contrast to Industri-
alized Fish Farming 

Compared to industrialized fish culture, shrimp culture 
has a series of differences. The stocking density in this 
study was about 4.2–7.7 kg m−3, which was obviously 
lower than intensive fish culture systems (Gelfand et al., 
2003; d’Orbcastel et al., 2009c). However, compared 
with corresponding fish culture system, TAN and nitrite 
concentration in the present study were higher in general. 
It could be caused by the difference of metabolic charac-
teristic between fish and shrimp. The feed nitrogen re-
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tained in shrimp is about 20%–31% (Muthuwan, 1991; 
Briggs and Fvnge-Smith, 1994; Jackson et al., 2003; 
Thakur and Lin, 2003), while the feed nitrogen retained in 
fish is about 25%–46% (Wang et al., 2007; Ai et al., 2007; 
Peres and Oliva-Teles, 2006). It means that compared to 
fish culture system more feed nitrogen can’t be retained 
in shrimp and they are released to environment. As the 
result, water quality in shrimp culture system is difficult 
to manage. In addition, water renewal rates in WES and 
RAS of fish are about 58 m3 per kg of feed and 9 m3 per 
kg of feed respectively (d’Orbcastel et al., 2009b), while 
in this study water renewal rate of WES and RAS are 
about 2 m3 per kg of feed and 0.6 m3 per kg of feed re-
spectively. This is another reason resulting water quality 
of shrimp rearing system worse than fish rearing systems. 
It’s necessary to moderately increase water renewal rate 
to control water quality in shrimp rearing system.  

4.4 Shrimp Performance Comparison Between RAS 
and WES 

In terms of aquatic environment, RAS was better than 
WES. But the shrimp performance in WES was better 
than those in RAS. The yield and shrimp weight of WES 
were better than that of RAS, but the one-way ANOVA 
showed that the differences were not significant (P > 0.05) 
due to the large difference among shrimp tanks and shrimp 
weight. It could be the microorganisms that caused the 
difference between RAS and WES systems. Both total 
cultivable bacteria and vibrio in RAS were higher than 
those in WES. Though microorganisms play a great role 
in adjusting water environment, excessive bacteria, espe-
cially the vibrio, might have a negative impact on shrimp, 
considering most of the shrimp disease are caused by vi-
brio (Lightner and Redman, 1998). In the whole culture 
period, cultivable bacteria population and vibrio popula-
tion in RAS were larger than those in WES. The popula-
tion peak of total cultivable bacteria and vibrio in the 
RAS were 1.03×1010

 cfu mL−1 and 5.15×104
 cfu mL−1. 

Vibrio populations in WES and RAS both reached the 
magnitude of 104

 cfu mL−1, which had a severe threat to 
the health of shrimp. It need further means to control 
harmful germs especially for the RAS. The morbidity in 
RAS was severer than that in WES, and the mean survival 
rate in RAS was 68.99% significantly (P < 0.05) lower 
than that in WES (75.48%). The water quality in shrimp 
tanks was adaptive for microorganisms. Low water re-
newal rate made it more serious for RAS. Though RAS 
was equipped with disinfection device, the function of the 
disinfection was inadequate as the power of ozonator was 
only 500 W and its work time less than 12 h each day. 
RAS need more efficient disinfection measure or other 
measures, such as probiotics application, to inhibit harm-
ful germs. 

4.5 Nitrogen Budget 

The nitrogen retained in shrimp in WES was more than 
that in RAS, and both of them were comparable to former 
study (Muthuwan, 1991; Briggs and Fvnge-Smith, 1994; 

Jackson et al., 2003; Thakur and Lin, 2003). As residual 
feeds in RAS were removed from culture system timely, 
lower utilization of bait was possibly caused. Therefore, 
more residual feeds generated in RAS and the proportion 
of bottom mud in nitrogen output was higher. In addition, 
if residual feeds and feces could not be discharged from 
WES timely, they would be decomposed by bacteria, and 
the quantity of bottom mud would be reduced. This was 
another reason that the proportion of nitrogen in bottom 
mud in WES was lower than that in RAS. 

The proportion of nitrite and TAN in nitrogen output of 
WES was 36.62%, which was much higher than the pro-
portion of 14.45% in RAS. Ammonia is nitrogen metabo-
lite of shrimp, and it could be transformed into nitrite and 
nitrate successively by nitrobacteria. Most of nitrite and 
ammonia in RAS was transformed into nitrate finally. It 
was accordant to the result of water quality. In the present 
study, nitrate in RAS was 32.4 mg L−1 in the end, which 
meant more than 76% of toxic nitrogen was removed by 
bacteria in RAS according to the percentage of inorganic 
nitrogen (ammonia, nitrite and nitrate) in nitrogen output. 
However, in WES only 7.37% toxic nitrogen could be 
transformed into nitrate because the nitrifying process 
was broken by frequent water exchange, and most of 
them could be removed by water exchange. 

There were 7.31% and 12.82% of nitrogen in WES and 
RAS respectively that didn’t belong to the seven types of 
nitrogen output. They were caused by ammonia volatili-
zation, denitrification and statistical error. According to 
the ammonia loss rate from water to atmosphere (Weiler, 
1979) and rearing water environment, it could be esti-
mated that the quantity of ammonia volatilization nitro-
gen were about 7.95 kg (5.11%) and 2.01 kg (1.18%), re-
spectively in WES and RAS. Because of the high ammo-
nia concentration, ammonia volatilization was significant 
in WES. Denitrification is another way that nitrogen 
transfer from water to atmosphere. Some bacteria could 
take advantage of nitrate and successively transform ni-
trate to NO2

−, NO, N2O and N2 (Ferguson, 1994). In RAS, 
nitrate accumulated continuously and finally reached 32.4 

mg L−1. Denitrifiers are common in nature, and it could be 
speculated that there was denitrification in biofilter or in 
gut of shrimp (Heisterkamp et al., 2016) to some extent. 
It was coincident to the nitrogen budget gap of 12.82% 
(21.82 kg). In the present study, no measure was adopted 
to figure up the exact proportion of denitrification.  

4.6 The Effect of Microalgae and Germ in RAS 
and WES 

In the earlier stage of WES, microalgae could have a 
certain extent of growth with the chlorophyll-a concen-
tration of 0.1532 μg L−1. However, chlorophyll-a declined 
sharply due to the subsequent high water renewal rate. In 
RAS microalgae could not get mass propagation because 
of disinfection. In addition, partial lighting of the plant 
and high turbidity of aquatic water were other reasons for 
the low chlorophyll-a. Therefore microalgae couldn’t 
achieve the same great effect as in the previous studies 
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(Samocha et al., 2015; Ge et al., 2016) in RAS and WES. 
Calculated microalgae nitrogen biomass via chlorophyll-a 
(Lue et al., 2009) and figured up the total microalgae ni-
trogen biomass based on rearing water volume and re-
newal rate. Finally, microalgae nitrogen biomass in WES 
and RAS were 0.25 g and 0.06 g respectively. Their pro-
portion in nitrogen output were negligible. Microalgae 
couldn not play a significant role in WES and RAS.  

Bacteria play a great role in aquaculture. Such as di-
gestion promotion, immunity enhancement and water 
quality improvement (Loh, 2017). In this study, the culti-
vable bacteria population in RAS was more than that in 
WES, and both of them had a significant fluctuation dur-
ing the rearing period. Bacterial nitrogen biomass was 
calculated by bacteria population, which was figured out 
via bacteria amount and water renewal rate, and the bac-
teria nitrogen biomass of 5.6 fg N cell−1 (Lee and Fuhrman, 
1987). There were 33.76 kg and 6.20 kg nitrogen retained 
in cultivable bacteria in WES and RAS, respectively. In 
addition, bacteria had a great effect on nitrogen output, 
especially for inorganic nitrogen, and 7.37% (4.53 kg) and 
76.04% (44.20 kg) of toxic nitrogen (ammonia and nitrite) 
was transformed into nitrate in WES and RAS, respec-
tively. In this study, marine agar 2216E media was used to 
measure the population of cultivable bacteria, but it was 
not equal to the total bacteria as most of the bacteria in 
nature was uncultivable. Whereas comparing the result of 
spread plate method to fluorescence microscope method 
(Hobbie et al., 1977), there was no difference on the order 
of magnitudes. It could be particularity of shrimp tanks 
that made it dramatically different from natural environ-
ment. Therefore the result of spread plate method can be 
the representative for the bacteria population of shrimp 
tank. In view of most bacteria is uncultured (Rappé and 
Giovannoni, 2003), the proportion of bacteria in nitrogen 
output were more than 24.61% (38.29 kg) and 29.61% 
(50.40 kg) in WES and RAS, respectively. The effect of 
bacteria on nitrogen output was outstanding. 

In conclusion, the intensive and industrial farming sys-
tems WES and RAS could improve shrimp yield. RAS 
could maintain acceptable water quality with a lower wa-
ter renewal rate than WES, while the growth rate and 
yield of shrimp were comparable to WES. The nitrogen 
budget results provided detailed data on nitrogen output. 
The proportion of shrimp in nitrogen output were 19.10% 
and 23.58% respectively in RAS and WES. Most of the 
nitrogen was retained in water, and it was mainly in the 
forms of ammonia and nitrite in WES while in the form 
of nitrate in RAS. Microalgae had a little effect on nitro-
gen budget, while bacteria had a great role in shrimp 
farming and nitrogen budget. It’s beneficial to take ad-
vantage of the bacteria in industrial shrimp farming, while 
control them within a safe level. 
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