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ABSTRACT 
 

The world shrimp aquaculture, has faced several problems, causing severe losses in shrimp 
hatcheries; between the most critical has been diseases such as early mortality syndrome (EMS) 
caused by (Vibrio parahaemolyticus). The EMS was initially detected in Asian countries; after, it 
was disseminated to Mexico and other countries. In Mexico, EMS caused severe economic losses 
during 2013-2016; and it has not yet been eradicated. Various causes for EMS have been 
reported; none is entirely accurate, but water quality is essential for successful shrimp aquaculture; 
therefore, the aim this work was evaluate the ammonia concentration effect on susceptibility to 
(EMS) on post-larvae (PL-15) shrimp (Litopenaeus vannamei) infected with (V. parahaemolyticus), 
using a biofilm system (water with, microalgae, dinoflagellates, protozoa and other planktonic 
microorganisms). So series of 5 flasks each one were arranged as following: Series S; 900 ml of 
filtered seawater (FSW) and 10 PL-15 shrimp per flask. Series SB; 840 ml of FSW, 60 ml of biofilm 
and 10 PL-15 shrimp. Series E; 900 ml of FSW, infected with 2 ml (V. parahaemolyticus) 106 CFU/ 
ml and 10 PL-15 shrimp. Series EN; fifteen flasks with 900 ml of FSW, 10 PL-15 shrimp, added 
with NH4Cl (0.535 mg/ml), to get 0.5, 1.0, 1.5, 2.0 and 2.5 mg/l final ammonia concentration in 5 
sub-series of 3 flasks each one. During experiment, ammonia concentration and PL-15 shrimp 
mortality were evaluated in all flask. Ammonia concentration was higher in series EN than in series 
E; the same was observed in Series S respect to SB, but at lower values. At end of experiment, 
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mortality in series EN was 90% Vs 60% in E. Similarly, mortality in series S was 10% Vs 0% in SB. 
This results confirm that the ammonia increases PL shrimp mortality, and biofilm system reduce 
ammonia and consequently PL-15 shrimp mortality. 
 

 

Keywords: Shrimp aquaculture; EMS; Mexico; ammonia; biofilm system. 
 

1. INTRODUCTION 
 

The shrimp aquaculture worldwide has grown 
vertiginously during last decades. The world 
production volume of shrimp in hatcheries under 
controlled conditions has been estimated around 
of 4.7 million tons in 2018 [1]. In Mexico the 
aquaculture of white shrimp (Litopenaeus 
vannamei) is the most important cultured specie. 
As currency income, in 2017 the shrimp 
aquaculture in the country, had an approximated 
value of 778 million of US dollars [2], from which 
56.3 % was produced in Sinaloa State, located at 
NW of Mexico, Fig. 1. 
 

Mexico is the seventh largest shrimp producer in 
the world [1], reaching 227,929 tons in 2017 and 
Sinaloa was the largest national producer, with 
84,426 tons [2]. However, in last decade, diverse 
diseases have caused severe shrimp mortality, 
and consequently considerably economic losses 
for aquaculture farmer. A lot of causes have 
been reported of these diseases by managers 
and technicians of shrimp hatcheries; however, 
accord to personal experience and from reports 

of many authors, the water quality is one of most 
important issue in shrimp culture in the 
hatcheries [3,4,5,6]. On the other hand, 
microalgae constitute the natural food for shrimp 
in any aquatic system, and the nutrients amount 
and its adequate balance, becomes determinant 
for microalgae growth. Also the physical 
parameters such as salinity, temperature, total 
suspended solids (TSS), dissolved gases (CO2, 
O2) are relevant in shrimp culture [3,4]. 
Concerning to nutrients in water, the N species 
have a relevant importance, because the nitrite 
ion (NO2−) and ammonia (NH3), are toxic to 
aquatic organisms. In the aquatic systems, in an 
oxidation process of two steps, the ion 
ammonium (NH4

+) or ammonia (NH3) are 
converted to nitrate ion (NO3

−).  In the first step, 
ammonia is oxidized to nitrite by Nitrosomas 
spp., bacteria; and in the second step nitrite 
(NO2

−) is oxidized to nitrate by Nitrobacter spp., 
bacteria. 

 

NH3 (toxic) +O2 → NO2
−

 (toxic) + 3H+ 

 

NO2− (toxic) + H2O→ NO3− (no toxic) +2 H+ 

 
 

 

Fig. 1. The Sinaloa State, is located at NW of Mexico. In 2017, the shrimp aquaculture 
production in the country, had an approximate value of 778 million of US dollars, from which 

56.3% was produced in Sinaloa State 
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In addition to their toxicity, ammonia have been 
considerate as immune depressing, which make 
that cultivate organisms like shrimp, becomes 
more susceptible to diseases, reducing its health 
condition and then, increasing the shrimp 
mortality in hatcheries [7,8,9]. On the other hand, 
in any aquatic reservoir such as shrimp ponds, a 
biofilm is formed; i.e., a microbial complex 
formed by bacteria, microalgae, flagellates, 
ciliates, fungi and other planktonic organism 
which growth on surfaces and bottom of 
reservoir. All these microorganisms are being 
part of the diet of penaeid shrimps. The structure 
of biofilm depends on substratum features, water 
fluxes in system, availability of nutrient, light 
penetration and grazing ability of consuming 
organism [10]. Some authors claim that an 
important feature of aquaculture biofilm, is that it 
can inhibit or compete with pathogenic bacteria 
into the shrimp pond, and also can reduce the 
ammonium ion (NH+

4) concentration by 
microalgae growth, because they use it as 
nutrient for its protein synthesis; i.e., the nitrifying 
bacteria in the biofilm decreased ammonium 
level in the ponds water [10,11], which is formed 
when ammonia is dissolved in the water. 
 

H2O+NH3 ⇌OH− +NH4
+

 

 

In fact, the ammonium ion decreases go in 
parallel to nitrite and nitrate ions increasing in the 
water; which indicates that nitrifying bacteria in 
the biofilm play a significant role in the water 
quality. However, like many other technics or 
methods for improve the shrimp productivity, is 
necessary being sure that the implemented 
technic, enhance the shrimp growth and reducing 
the incidence of diseases; however, biofilm also 
may have adverse effects on the shrimp. 
Perhaps the greatest risk of the biofilm is that 
pathogenic bacteria, also can growth in the 
biofilm. Some authors have reported that some 
pathogenic bacteria including Vibrio spp., can 
growth on biofilms surface of aquaculture ponds 
[12,13]. 
 

During last years, several authors have reported 
that bacteria (Vibrio parahaemolyticus) has been 
the cause of the lethal disease known as Early 
Mortality Syndrome (EMS), also named Acute 
Hepatopancreatic Necrosis Disease (AHPND) 
[14]. The infected shrimps by (Vibrio 
parahaemolyticus) show a hepatopancreas with 
a pale to white color, atrophy and black spot or 
streaks, and finally a massive mortality of shrimp 
in few days, in the ponds of shrimp hatcheries 
[14]. Other authors, report that in last decade, the 

EMS caused severe economic lost in shrimp 
hatcheries of Asian countries like China, Viet 
Nam, Thailand, etc., and after it was 
disseminated to Mexico and other countries [15]. 
in Mexico, this disease causes a severe crisis 
during 2013 to 2016 [1] and it has not yet been 
eradicated. Therefore, the aim this work was 
evaluate the effect of ammonia concentration on 
susceptibility to (EMS) on white shrimp post-
larvae (PL-15), infected with (Vibrio 
parahaemolyticus). 
 

2. MATERIALS AND METHODS 

 
In order to know if biofilm reduce the ammonia 
concentration in the water, and then, the 
mortality caused by EMS disease in shrimp, or its 
virulence, a series of experiments was carried 
out as follows: Groups (series) of 5 flask of 1 L 
each were arrangement in next way: 
 
Series S. Five 1L flasks with 900 ml of filtered 
seawater (FSW), passing it by a 5 µm pore size 
filter, a salinity of 30 Practical Salinity Units 
(PSU), and 10 PL-15 shrimp in each flask. 
 

Series SB. Five 1L flasks with 840 ml of FSW 30 
(PSU), flask, added with 60 ml of biofilm (water 
from a shrimp hatchery with, green microalgae, 
cyanobacteria, dinoflagellates, protozoa and 
other planktonic microorganisms) and 10 PL-15 
shrimp in each flask. 
 
Series E. Five 1L flasks with 900 ml of FSW 30 
(PSU) and infected with 2 ml of bacteria culture 
(Vibrio parahaemolyticus) 106 CFU/ ml and 10 
PL-15 shrimp in each flask. 
 

Series EN. fifteen 1L flasks with 900 ml of FSW 
30 (PSU), 10 PL-15 shrimp in each flask, added 
with 1.05, 2.1, 3.15, 4.25 and 5.3 ml of NH4Cl 
solution (0.535 mg/ml), in order to get 0.5, 1.0, 
1.5, 2.0 and 2.5 mg/l final ammonia 
concentration in 5 subgroups of 3 flasks each 
one, and infected with 2 ml. bacteria culture 
(Vibrio parahaemolyticus) 106 CFU/ ml. 
 
All flask series were setting out door, to ambient 
temperature 24-27°C and in a shadow area. 
Permanent aeration was supplied to flasks using 
an oil free mini-compressor, plastic pipes 3 mm 
diameter and porous stones located at flasks 
bottom, to generate little air bubbles. 
 

To determine the final experimental conditions of 
series above indicated, several trial and error 
tests were carried out. Once the conditions of 
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series were defined, the following analyzes and 
procedures were performed. 
 

2.1 Ammonia Concentration in Water 
 

To quantify the ammonia concentration in water 
of series, the indo-phenol method was used [16]. 
It is based on the absorbance measured at 640 
nm wavelength in a spectrophotometer, of the 
blue color intensity formed by the ammonia 
reaction with phenol-sodium hypochlorite 
complex, catalyzed by sodium nitroprusside. The 
intensity of blue color (absorbance) is 
proportional to ammonia concentration in the 
water; i.e., there are a lineal correlation between 
the absorbance and ammonia concentration. 
Therefore, every day, 2 ml of water of each flask 
were taken using plastic syringes, filtered 
through 0.45 µm pore size filters Pall Life 
Science®; and then, the following reagents were 
added: 
 

a) 40 µl of phenol solution and stirring. 
b) 40 µl of sodium nitroprusside solution and 

stirring. 
c) 100 µl oxidizing solution (3 ml sodium 

citrate-sodium hydroxide, 0.8 ml sodium 
hypochlorite) prepared in fresh and stirring. 

d) The samples were kept in dark by 1 hr. All 
reagent used were supplied by Merck®, 
Darmstadt, Germany. 

d) After this time, the absorbance of samples 
was read at 640 nm wavelength using a 
spectrophotometer General Electric Mod. 
GeneQuant 100®, supplied by 
Buckinghamshire, UK.  

 

To calculate the ammonia concentration in water 
samples, an absorbance Vs. concentration 
correlation was obtained using a sub-standard 
NH4Cl solution (0.00535 mg/ml). From this 
solution, were taken 0.0, 0.2. 0.4, 0.8, 1.2 and 
distilled water was added to 2.0 ml final volume; 

then, the reagents as above indicated were 
added and the absorbance was read. The final 
concentrations of this sub-standard are show in 
Table 1. 
 
With this data, the following linear correlation 
was obtained and the corresponding equation, 
which was used for quantified ammonia 
concentration in the water of each flask, during 
the experiment (Fig. 2). 
 
As can be seen, in the correlation equation, 
Y=Abs., X= NH4 conc. (mg/l). Therefore, to 
calculate the ammonia concentration in water of 
experiment flasks, the following equation was 
applied: 
  

X= (Y-0.0205)/0.2699 
 

2.2 Routine Works in the Series Flasks 
 
The PL shrimp in the flasks were fed two times 
per day (morning and afternoon) with commercial 
food (Camaronina®) at rate of 5% total weight. In 
order to detect abnormal behavior or mortality, 
the PL shrimp in flask were observed as 
frequently as it was possible. The shrimps died 
were removed from the flask immediately, and 
recorded. Also, feces and feed not consumed 
were removed from flasks two times per day. 
 

2.3 Infection of PL-15 Shrimp  
 
In order to know if ammonia concentration 
increased the virulence, and so PL-15 shrimp 
mortality, the flasks of series E and EN were 
infected with a culture of (Vibrio 
parahaemolyticus), adding 2 ml (106 CFU/ml) in 
broth culture medium Mueller Hinton Broth 
(MHB) Difco®, dissolved in 3% NaCl. The 
mortality was recorded every day at afternoon, 
until the experiment finished. 

 
Table 1. Absorbance values obtained at (640 nm) of wavelength from 0.0, 0.2. 0.4, 0.8, 1.2 ml of 
(0.00535 mg/ml) NH4 sub-standard solution added with distilled water to 2 ml final volume, and 

NH4 final concentration expressed in mg/l 
 

ml Std. NH4 ml distilled Abs. 640 nm NH4 final 

0.00535 mg/ml water added wavelenght conc. (mg/l) 

0.0 2.0 0.012 0.0 

0.4 1.6 0.308 1.07 

0.8 1.2 0.6 2.14 

1.2 0.8 0.941 3.21 

1.6 0.4 1.135 4.28 
 



Fig. 2. Linear correlation between ammonium solution NH
values at 640 nm wavelength, and the

 

2.4 Statistical Analysis 
 

All data of series experiment were analyzed by 
(ANOVA) one way, using the Statistica 7.0 
software, VinceStatSoftware®. Data which did 
not meet normality requirements after being 
transformed were analyzed non-parametrically 
by Kruskal-Wallis ANOVA and median test.
 

3. RESULTS AND DISCUSSION
 
The results of ammonia concentrations in 
experiment of flask series, are shown in Fig. 3. 
From these results, the mean and standard 
deviation were calculated for each series during 
experimental time (5 days), and then the 
corresponding graph was made (Fig. 3). As can 
be observed, the ammonia concentration 
increased like an exponential way during 
experimental time; that is consistent with the 
increase of organic matter in the water. The 
ammonia and/or ion ammonium, is excreted by 
aquatic animals and by degradations of 
particulate and/or dissolved organic matter in 
aerobic conditions. Also some bacteria can 
degrade organic matter to ammonia in anae
environments, such as ponds bottoms. The ion 
ammonium can be converted to ammonia and 
vise verse, depending of water pH; so at pH over 
9 the ammonia increase and ammonium 
decrease, whereas at pH lower than 7.5
ammonium ion increase and ammonia 
This is a system in equilibrium depending of 
water pH; such as is presented in the chemical 
reaction above indicated. 
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All data of series experiment were analyzed by 
(ANOVA) one way, using the Statistica 7.0 

VinceStatSoftware®. Data which did 
not meet normality requirements after being 

parametrically 
Wallis ANOVA and median test. 

3. RESULTS AND DISCUSSION 

The results of ammonia concentrations in 
experiment of flask series, are shown in Fig. 3. 
From these results, the mean and standard 

were calculated for each series during 
experimental time (5 days), and then the 
corresponding graph was made (Fig. 3). As can 
be observed, the ammonia concentration 
increased like an exponential way during 
experimental time; that is consistent with the 

rease of organic matter in the water. The 
ammonia and/or ion ammonium, is excreted by 
aquatic animals and by degradations of 
particulate and/or dissolved organic matter in 
aerobic conditions. Also some bacteria can 
degrade organic matter to ammonia in anaerobic 
environments, such as ponds bottoms. The ion 
ammonium can be converted to ammonia and 
vise verse, depending of water pH; so at pH over 
9 the ammonia increase and ammonium 
decrease, whereas at pH lower than 7.5-8 the 
ammonium ion increase and ammonia decrease. 
This is a system in equilibrium depending of 
water pH; such as is presented in the chemical 

As can see, the ammonia concentrations of 
series SB were significant lower than in series S. 
The same can be observed in series 
were significant lower than series EN, except in 
third day, but at higher values. This means that 
biofilm consumed the ammonia from organic 
matter produced by PL-15 shrimp feces and 
uneaten food, and after degraded by bacteria.
 
On the other hand, the shrimp mortality was 
higher in series EN than in the series E (Fig. 4). 
Again, it may be due to ammonia concentration, 
because in both series, the PL-15 shrimp were 
infected at same time and with same amount of 
bacteria (Vibrio parahaemolytics); the 
be observed between series S and series SB, 
but the mortality was ≤ to 10%. 

 
This result becomes to confirm the hypotheses of 
this work, i.e., the biofilm reduces the ammonia 
concentration in water of PL-15 shrimp culture; 
and high ammonia values increase the PL
shrimp mortality. Therefore, although these 
results are preliminary, they are promising, 
because one of the most severe problems in 
shrimp hatcheries is the EMS disease, which can 
produce until 100% of mortality in few days, and 
there is not an easy way to stop the disease 
dissemination. On the other hand, high ammonia 
concentration is a very common problem in 
shrimp aquaculture. It is produced by excess of 
organic matter; particularly in intensive and super 
intensive culture systems, because these culture 
systems require high amount of feed for satisfy 
the food demand by shrimps. Also, as 
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dissemination. On the other hand, high ammonia 
concentration is a very common problem in 
shrimp aquaculture. It is produced by excess of 
organic matter; particularly in intensive and super 

ause these culture 
systems require high amount of feed for satisfy 
the food demand by shrimps. Also, as 
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consequence of elevate ammonia values, the 
immune system of shrimps may be depressed; 
and consequently, shrimp becomes more 
susceptible to diseases. This is a vicious circle, 
because it is common that hatchery managers 
want to obtain larger shrimp harvest, increasing 
the shrimps amount per m3, which require to 
increase the feed amount, consequently an 
increase of ammonia. This practicum has 
produced a lot of economic losses in all shrimp 
farms of many countries; therefore, an economic 
and easy way to solve this problem would be the 
use of biofilm in shrimp farms. However, other 
authors claim that it is possible that a diversity of 
(Vibrio Parahaemolyticus) varieties or strains, 
could be the cause of EMS disease in shrimp 
culture ponds; but all varieties are causing 
elevate mortality in few days [17]. Several 
authors have reported that a biofilm with a good 
complex of microorganisms, enhance the 
immune response of cultivate shrimp, increasing 
the haemocytes amount in shrimp haemolymph 
and the activity of phenol-oxidase enzyme; the 
same, authors, claim that biofilm also can 
improve the shrimp growth since them 
consuming the suspended particles and 
consequently, improving the water quality 
[18,19]. Other authors have reported that shrimp 
larvae are opportunistic feeders; i.e., if diatoms 
are the dominant specie in the pond, they will 
prefer this species as diet until be almost or 

totally consumed; consequently. Also, the 
composition and diversity of microalgae becomes 
to determine the nutritional quality of natural food 
available for shrimp larvae; on the other hand, 
diatoms have a benefic effect on growth and 
survival of shrimp larvae, because they are rich 
in polyunsaturated fatty acids, which can improve 
growth and the metamorphosis in shrimp larvae, 
and so, increase the survival and resistance to 
stressing conditions [20,21]. Also, some authors 
have reported that extracts of microalga 
(Dunaliella spp.), can increase the resistance to 
disease known as white spot syndrome virus 
WSSV and then, can enhance the growth of 
cultured shrimp [22]. In fact, biofilm system, is 
just the way as the ecosystems work, i.e., in the 
natural environment, always a lot of micro and 
macro organisms co-habiting the system, then, 
an equilibrium is reached; therefore, the 
possibility of some pathogen or predator growth 
uncontrolled, will be lower than in culture ponds. 
 
There is other system very close to biofilm, 
named biofloc. The biofloc is a conglomerate of 
microalgae, bacteria, ciliates, dinoflagellates, 
foraminifera, and particulate organic matter such 
as dead organisms, and feed no consumed. The 
biofloc is bonded together by bacterial 
secretions, and/or by filamentous 
microorganisms, and also by electrostatic forces 
[23]. This system is used in places where water 

 
 

 
Fig. 3 Ammonia concentration in water from series SB, S, E and EN. 

The values of series SB were significant lower than series S. Also the concentration in series E, were significant 
lower than in series EN (p ≤ 0.05), except in third day 
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Fig. 4. The PL-15 shrimp mortality in series EN was significant higher than series E (p≤ 0.05), 

although both were infected at same time and with same amount (10
6
CFU/ml) of (Vibrio 

parahaemolyticus). Also, mortality is series S was higher than series SB, but a values ≤ to 10% 
 
is not abundant or in farms where intensive 
aquaculture is practiced to increase shrimp 
production and/or in estuarine areas where many 
shrimp farms performing water exchange; then, 
disease would spread among farms; therefore, 
reducing water exchange is a good practicum for 
improving farm bio-security. Other authors 
reported that in a biofloc system, the weight 
increase of PL shrimp at 48 days were 670 mg, 
compared to 640 mg, with a clear water system 
and 590 mg, with a hybrid system; also in the 
biofloc system, 13% of the C and 34% of the N in 
shrimp tissue could be produced from biofloc 
compounds [24]. Other author claim that in last 
decade, the biofloc system, has emerged as a 
new technology for sustainable aquaculture, 
which may contribute to food security stablished 
by FAO sustainable development goals [25]. 
 
However, in order that the biofloc system work, 
an extra source of carbon and nitrogen must be 
supplied. Normally, the carbon source is 
molasses, and a height protein feed (38%) for 
nitrogen; on the other hand, to avoid that the 
flocs dropping down to pond bottoms, an intense 
aeration is required, therefore an increase of 
energy supplied to ponds of hatcheries; 
consequently, the biofloc system in more 
expensive than biofilm system. Also, biofloc 
system require that a rigorous control of bacteria 
be performed; other way, several pathogenic 

bacteria can growth in the system, which may 
become a risk for a healthy shrimp growth. Some 
authors claim that principal problem in biofloc 
system, is controlling the composition of bacterial 
community for obtain an adequate water quality, 
and so to get optimal shrimp healthy conditions; 
however, the same authors report that (Vibrio 
spp.) was at lower amount in biofloc system 
comparing with a clear water system [26]. 
 
In order to solve some of problems above 
indicated, the managers and technicians of 
shrimp farms have used a lot of substances and 
manipulations in the culture ponds, but the 
results have been un-satisfactory; moreover, it 
has resulted in a decrease of water quality due to 
substances added (antibiotics, alkalis, 
flocculants, probiotics, etc.) which have 
increasing the water pollution, since many times 
it is drained to the environment without any 
treatment. For instance, in Mexico, a recent 
official declaration, said that in the Sinaloa 
coastal systems, the shrimp catches have 
plummeted to a daily average of about 11.2 
kilograms per boat, and between 2015 and 2016 
were recorded the lowest catches in the history 
[2]. However, the fishermen say this could be 
due to shrimp farm wastes pumped to coastal 
ecosystems during the larvae growth period, 
which may be impacting the mortality of shrimp 
larvae. 
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4. CONCLUSION 
 

From the results obtained, it can be concluded 
that ammonia concentration in the water where 
shrimp are growth, becomes decisive to avoid 
the development of diseases such as EMS; i.e., 
the best way to keep the culture ponds in 
biosafety conditions, is maintaining permanently 
a biofilm, which will help to shrimp to growth in 
better health conditions, avoiding that diseases 
have less chance to infect the shrimps; therefore, 
its immune system will be performing more 
efficiently. On the other hand, the biofilm will 
reduce the amount of food supplied to culture 
ponds, since it is an excellent natural food for 
shrimp. In other words, the success of shrimp 
aquaculture is simply carrying out the farming 
process as similar as possible to how it occurs in 
the natural ecosystem; this is concordant with a 
30% of mortality reduction in series E (added 
with biofilm) Vs series EN, although both were 
infected with same amount of (V. 
parahaemolyticus) bacteria. All this is concordant 
with comments and recommendations given by 
other authors [27], e.g., between most important 
factors to EMS develop, are including: the use of 
post-larvae infected with (V. parahaemolyticus), 
intensive systems which require excessive 
feeding, elevate level of H2S, due to putrefaction 
of organic matter, excessive use of calcium oxide 
to disinfect the ponds, insufficient aeration, use 
of biofloc system, not use of water with salinity 
inferior to 20 psu, use of saponin in preparation 
steps, and use of probiotics and prebiotic. 

 
ACKNOWLEDGEMENTS 
 
Author want extend sincere acknowledgments to 
students of bioprocess department, by 
unconditional help in field and laboratory works 
to carried on this research. Also to M Sc. Paul W. 
Galindo by her invaluable help in processing 
data for made the figs of this work. 
 
COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 

REFERENCES 
 

1. GOAL. Global shrimp production review; 
2019. 
Available:https://www.aquaculturealliance.
org/advocate/goal-2019-global-shrimp-
production-review/ 

2. CONAPESCA Comisión Nacional de 
Acuacultura y Pesca. Anuario Estadístico 
de Acuacultura y Pesca. Gobierno de 
Mexico. Mexico City. 2017;27. 
Available:https://www.conapesca.gob.mx/
work/sites/cona/dgppe/2017/ANUARIO_E
STADISTICO_2017.pdf 

3. Boyd CE. Water quality for pond 
aquaculture. Research and Development 
Series No. 43. International Center for 
Aquaculture and Aquatic Environments, 
Alabama Agricultural Experimental Station, 
Auburn University, Auburn, Alabama; 
1998. 

4. Boyd CE, Green BW. Coastal water quality 
monitoring in shrimp farming areas, an 
example from Honduras. Report Prepared 
under the World Bank, NACA, WWF and 
FAO Consortium Program on Shrimp 
Farming and the Environment, published 
by the Consortium, 2002;24. 

5. Venkateswarlu V, Seshaiah PV, Arun P, 
Behra PC. A study on water quality 
parameters in shrimp L. vannamei semi-
intensive grow out culture farms in coastal 
districts of Andhra Pradesh, India. 
International Journal of Fisheries and 
Aquatic Studies. 2019;7(4):394-399. 

6. Kasnir M. Harlina. Rosmiati water quality 
parameter analysis for the feasibility of 
shrimp culture in Takalar Regency, 
Indonesia. J Aquac Res Development. 
2014;5:273-278. 
Available:https://doi:10.4172/2155-
9546.1000273 

7. Liu CH, Chen JC. Effect of ammonia on 
the immune response of white shrimp 
Litopenaeus vannamei and its 
susceptibility to Vibrio alginolyticus. Fish & 
Shellfish Immunology. 2004;16(3):321-
334. 
Available:https://doi.org/10.1016/S1050-
4648(03)00113-X 

8. Kathyayani SA, Poornima M, Sukumaran 
S, et al. Effect of ammonia stress on 
immune variables of Pacific white shrimp 
Penaeus vannamei under varying levels of 
pH and susceptibility to white spot 
syndrome virus. Ecotoxicology and 
Environmental Safety. 2019;184(30): 
109626. 
Available:https://doi.org/10.1016/j.ecoenv.
2019.109626 

9. Mugnier C, Zipper E, Goarant C, 
Lemonnier H. Combined effect of exposure 
to ammonia and hypoxia on the blue 
shrimp Litopenaeus stylirostris survival and 



 
 
 
 

Reyes; AJFAR, 9(3): 31-40, 2020; Article no.AJFAR.61463 
 
 

 
39 

 

physiological response in relation to molt 
stage Aquaculture. 2008;274(2-4):398-
407. 
Available:https://doi.org/10.1016/j.aquacult
ure.2007.11.033 

10. Pandey PK, Bharti V, Kundan K. Biofilm in 
aquaculture production. African Journal of 
Microbiology Research. 2014;8:1434-
1443. 
Available:https://doi.org/10.5897/AJMR201
3.6445 

11. Ferreira LMH, Lara G, Wasielesky Jr W, et 
al. Biofilm versus biofloc: Are artificial 
substrates for biofilm production necessary 
in the BFT system? Aquacult Int. 
2016;24:921–930. 
Available:https://doi.org/10.1007/s10499-
015-9961-0 

12. Wenlong C, Arias RC. Biofilm formation on 
aquaculture substrates by selected 
bacterial fish pathogens. Journal of 
Aquatic Animal Health. 2017;29(2):95-104. 
Available:https://doi.org/10.1080/08997659
.2017.1290711 

13. Alfiansah YR, Hassenrück C, Kunzmann 
A, Taslihan A, Harder J, Gärdes A. 
Bacterial abundance and community 
composition in pond water from shrimp 
aquaculture systems with different stocking 
densities. Frontiers Microbiology. 2018;9: 
2457. 
Available:http://doi:10.3389/fmicb.2018.02
457 

14. Manan H, Zhong JMH, Othman F, 
Ikhwanuddin M. Histopathology of the 
hepatopancreas of Pacific white shrimp, 
Penaeus vannamei from none Early 
Mortality Syndrome (EMS) shrimp ponds. 
Journal of Fisheries and Aquatic Science. 
2015;10(6):562-568. 
Available:https://doi.org/10.3923/jfas.2015.
562.568 

15. Zorriehzahra MJ, Banaederakhshan R. 
Early mortality syndrome (EMS) as new 
emerging threat in shrimp industry. 
Advances in Animal and Veterinary 
Sciences. 2015;3(2):64-72. 
Available:http://dx.doi.org/10.14737/journal
.aavs/2015/3.2s.64.72 

16. Aminota A, Kirkwood DS, Kérouela R. 
Determination of ammonia in seawater by 
the indophenol-blue method: Evaluation of 
the ICES NUTS I/C 5 questionnaire. 
Marine Chemistry. 1997;56(1–2):59-75. 
Available:https://doi.org/10.1016/S0304-
4203(96)00080-1 

17. Joshi J, Srisala J, Truong VH, Chen IT, 
Nuangsaeng B, et al. Variation in Vibrio 
parahaemolyticus isolates from a single 
Thai shrimp farm experiencing an outbreak 
of acute hepatopancreatic necrosis 
disease (AHPND). Aquaculture. 2014;428-
429:297-302. 
Available:https://doi.org/10.1016/j.aquacult
ure.2014.03.030 

18. Kumar S, Anand PSS, De D, Ghoshal TK, 
Alavandi SV, Vijayan KK. Integration of 
substrate in biofloc based system: Effects 
on growth performance, water quality and 
immune responses in black tiger shrimp, 
Penaeus monodon culture. Aquaculture 
Research. 2019;50(10):2986-2999. 
Available:https://doi.org/10.1111/are.14256 

19. Anand PSS, Kohli MPS, Dam Roy S, 
Sundaray JK, Kumar S, Sinha A, Pailan 
GH, Sukham MK. Effect of dietary 
supplementation of periphyton on growth 
performance and digestive enzyme 
activities in Penaeus monodon. 
Aquaculture. 2013;392-395:59-68. 
Available:https://doi.org/10.1016/j.aquacult
ure.2013.01.029 

20. Gatune C, Vanreusel A, Ruwa R, Bossier 
P, Troch MD. Growth and survival of post-
larval giant tiger shrimp Penaeus monodon 
feeding on mangrove leaf litter biofilms. 
Marine Ecology Progress Series. 2014; 
511:117–128. 
Available:https://doi: 10.3354/meps10938 

21. Viau VE, de Souza DM, Rodríguez EM, 
Wasielesky W, Abreu PC, Ballester EL. 
Biofilm feeding by poslavae of the pink 
shrimp Farfantepenaeus brasiliensis 
(Decapoda, Penaidae). Aquaculture 
Research. 2013;44:783–794. 
Available:https://doi.org/10.1111/j.1365-
2109.2011.03087.x 

22. Supamattaya K, Kiriratnikom S, 
Boonyaratpalin M, Borowitzka L. Effect of 
a Dunaliella extract on growth 
performance, health condition, immune 
response and disease resistance in black 
tiger shrimp (Penaeus monodon). 
Aquaculture. 2005;248:207-216. 
Available:http://doi:10.1016/jaquaculture20
05.04.014 

23. Hargreaves JA. Biofloc production systems 
for aquaculture. Southern Regional 
Aquaculture Center. Publication No. 4503. 
Biofloc Workgroup of the Aquacultural 
Engineering Society; 2013. 
Available:www.aesweb.org 



 
 
 
 

Reyes; AJFAR, 9(3): 31-40, 2020; Article no.AJFAR.61463 
 
 

 
40 

 

24. Tierney TW, Ray AJ. Comparing biofloc, 
clear-water, and hybrid nursery systems 
(Part I): Shrimp (Litopenaeus vannamei) 
production, water quality, and stable 
isotope dynamics. Aquacultural 
Engineering. 2018;82:73-79. 
Available:https://doi.org/10.1016/j.aquaeng
.2018.06.00 

25. El‐Sayed AFM. Use of biofloc technology 
in shrimp aquaculture: A comprehensive 
review, with emphasis on the last decade. 
Reviews in Aquaculture. 
(First published: 09 September 2020) 
Available:https://doi.org/10.1111/raq.12494 

26. Cardona E, Gueguen Y, Magré K, et al. 
Bacterial community characterization of 
water and intestine of the shrimp 
Litopenaeus stylirostris in a biofloc system. 
BMC Microbiol. 2016;16:157. 
Available:https://doi.org/10.1186/s12866-
016-0770-z 

27. Zorriehzahra MJ, Adel M, Mahjoub M, 
Delshad ST. Early Mortality Syndrome 
(EMS): Risk factors, control and 
prevention. Aquatic Animal Health and 
Diseases Department. Iranian Fisheries 
Science Research Institute (IFSRI). 
Tehran, I.R. Iran. 

 
© 2020 Reyes; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/61463 


