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Abstract– Pond aeration systems have been developed to sustain vast fish and invertebrate biomass during
the past decade. These aeration systems are alterations of standard wastewater aeration systems. Aeration-
performance testing has been significant in selecting design features to provide cost-effective yet
well-organized aquaculture pond aerators. Aerators enhance the oxygen requirement for fish growth, and
it is crucially important in the intensive pond stocked with high densities. Dissolved oxygen concentrations
have been linked to the water quality of the pond, Fish Growth and Survival, Reproduction, Feed utilization
and microorganisms. Paddlewheel aerators and propeller-aspirator-pumps are probably most widely used.
Aerators usually are placed in ponds to provide maximum air circulation in water. This article summarises
the importance of mechanical aeration of aquaculture ponds for fish farmers.

INTRODUCTION

Aerators are vital in semi-intensive and intensive
aquaculture ponds to maintain optimum dissolved
oxygen suitable to the physiological needs of the
farmed Aquatic organisms. Aeration plays a crucial
role in intensive culture ponds /tanks because,
atmospheric oxygen diffusion is not sufficient to
meet the oxygen demand of biota in intensive fish
culture units (Koch et al., 1975).

Aerators enhance the interfacial area between air
and water, facilitating oxygen transfer and creating
water circulation, ultimately preventing
stratification in the water body (Boyd and
Martinson, 1984). Different varieties of aerators have
been designed over the years to support the desired
level of dissolved oxygen (DO) concentration in
pond water to maximize the energy efficiency of the
oxygen mass transfer process. The selection of
aerators is critical to optimizing profit and reducing
the production cost, accounting for around 15%.
After post larvae and feed, it is the third most

expensive expenditure in an intense aquaculture
system. The choice of an aeration system depends
mainly on technical and economic aspects other
than specific requirements because artificial aeration
involves high energy costs and requires large
apparatus (Koch et al., 1975).

The least aeration cost is achieved only when the
rotational speed of the spiral aerator(a modified
design of the paddlewheel aerator) is only 70 rpm
for pond volumes up to 700 m3, and it ranges from
120 to 220 rpm for pond volume exceeding 700 m3of
aquaculture ponds (Roy et al., 2017).

Dissolved oxygen is one of the vital water quality
parameters, and it determines oxygen present in
water. Thus according to (Shultz et al., 2011),
dissolved oxygen is essential to the process of
aquatic life. As a result, Aerators enhance the oxygen
requirement to fish growth, and it is crucially
important in the intensive pond stocked with high
densities (Sultana et al., 2017). The circulation and
aeration of surface water with pumps or by stirring
with the boat or outboard motor prevented fish kills
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due to phytoplankton blooms, particularly of the
species microcystis and Anabaena (Swingle, 1968).

Dissolved oxygen concentration measured either
milligrams of gas per liter of water (mg/l) or parts
per million (ppm) and also measured in percent
saturation (i.e., a relative measure of the amount of
oxygen dissolved in water) (Baker et al., 2014). Boyd,
1998) stated that dissolved oxygen concentration in
water at saturation differs with water temperature,
salinity and barometric pressure. Aerators influence
the oxygen transfer rate from air to water by
increasing water’s turbulence and surface area in
contact with air (Boyd, 1998). Aeration may also be
a suitable method for managing thermal
stratification (Miles and West, 2011). Aerators can
increase fish and shrimp production in ponds, but
few generally accepted guidelines on how best to
apply aeration in ponds (Boyd, 2001& 2003; Tucker,
2005; Tucker and Robinson, 1990).

This document presents information about
managing production using an aeration system in
aquaculture ponds. In broad terms, this technical
note converses dissolved oxygen dynamics in
ponds, types of pond aerators, and the use of
aerators in ponds.

Sources of dissolved oxygen (DO)

The atmosphere is the primary source of oxygen in
a natural situation. The air we breathe contains
approximately 20.946 per cent oxygen gas (O2),
78.084 per cent nitrogen (N2), 0.934 per cent argon
(Ar), 0.032 per cent carbon dioxide (CO2) and a trace
of other gases (Colt, 1984).

Oxygen dissolves into the water from three
primary sources:(i) the atmosphere, (ii) wind and
wave motion, and (iii) photosynthesis by aquatic
plants, algae, and some bacteria.

Requirement of dissolved oxygen for fish

For optimal health of freshwater fish, a minimum
DO concentration of 5 mg/l is recommended
(McKee and Wolf, 1963; Swingle, 1969), and deaths
can occur if the DO concentration goes below 2 mg
/l (Noga, 2010). Critical DO stages are species-
specific; nevertheless, for most ornamental fish
species, DO levels at or near saturation (7.8 mg/l at
28°C) are advised (Lawrence, 2007). Several
researchers concluded that dissolved oxygen
concentrations have been linked to decreased
hatching and growth rates, lower feed consumption
and even mass mortality events in extreme cases
(Buentello et al., 2000; Das et al., 2012).

Dissolved oxygen (DO) dynamics in ponds

The dynamics of dissolved oxygen in fish ponds is
very complex. Then the decision of when and where
to check to DO in ponds varies among fish farmers,
but experience dictates that DO be checked several
times daily. DO measurement should be made at
least three times during the warmer months, at
dawn, at dusk and about four hours after dark
(Tucker and Robinson, 1990).

Effects of oxygen concentration on fish

The dissolved oxygen concentration requirements
for different species are as follows:

Coldwater fish - 6 mg/l
Tropical freshwater fish- 5 mg/l
Tropical marine fish- 5 mg/l
These values are minimum requirements for

healthy growth, tissue repair and reproduction
(Svobodova et al., 1993). Most fish species will
tolerate a drop of DO below these minimum values
for a short period. The cold-water species are likely
to tolerate a lower level than tropical fish.

Fish response to hypoxia

Hypoxia, also known as oxygen depletion, is a
phenomenon that occurs in aquatic environments
when the concentration of dissolved oxygen falls to
a level that is harmful to aquatic organisms. DO
levels of less than 80% should be rare in a “healthy”
aquatic environment. Some species are much more
tolerant of hypoxia than others, leading to
differential survival during extended periods of
hypoxia (Poon et al., 2002).

Fish response to hyperoxia

The state of water, when it contains a large amount
of oxygen, is known as hyperoxia. In this water
condition, oxygen molecules will begin to move
around within the water column looking for a little
elbow room. If it is not available, it will either return
to the atmosphere or attach to organisms all over the
place (Florida Lake Watch, 2004). If fish are exposed
to such water, their blood equilibrates with the
excess pressure in the water. Bubbles form in the
blood, blocking the capillaries; in sub-acute cases,
the dorsal and caudal fin can be affected, and
bubbles may be visible between the fin rays. When
the gas level in the blood is high, gases will diffuse
from the blood to the bladder. When the water is
supersaturated (hyperoxia), the bladder becomes
over-inflated, leading to buoyancy problems,
especially in small fishes (Groot et al., 1995).
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Dissolved oxygen (DO) –growth

Dissolved oxygen (DO) is one of the most important
physico-chemical parameters of water because low
DO concentrations have a negative impact on fish
growth, feed utilization, and even death. (Sultana et
al., 2017). The effect of aeration using a blower on
the growth and production of tilapia (Oreochromis
niloticus) in intensive aquaculture system in six (6)
earthen ponds at BAU campus. The results
suggested that aeration can be a potential
mechanism of aqua-farming to enhance the growth
and production of tilapia and DO content in pond
water synchronizing other water quality parameters
in ponds.

Water quality and dissolved oxygen

Water quality is a vital natural indicator for
evaluating the feasibility of shrimp farming (Ma et
al., 2013; Sahrijanna and Sahabuddin, 2014).
Dissolved oxygen (DO) is a major abiotic parameter
for evaluating water quality in the intensive
aquaculture system of vannamei shrimp (Litopenaeus
vannamei), and it must be measured on a regular
basis (Madenjian, 1990; Kuligiewicz et al., 2015). DO
has a negative relationship with the physico-
chemical parameters temperature, phosphate,
nitrite, TAN, and TOM, but no relationship with pH,
salinity, CO3

-2, HCO3
-, and alkalinity. This is

following the opinion of Bui et al., (2013).

Dissolved oxygen –feed

Biosynthesis of waste and other organic materials,
the level of DO consumption in shrimp ponds rises
in tandem with the increase in feed input (Duy et al.,
2008; Mirzaei et al., 2019). Hence, it is indicated that
an immense amount of feed administered more
often leads to greater levels of DO consumption in
the waters (Ullman et al., 2019). In the shrimp
metabolic system, DO has more significant
implications for the physiological response of
shrimp than in the growth system (Qiang et al.,
2019). In white shrimp, the growth rate is influenced
75% by the effectiveness of nutrients from feed
(Nunes et al., 2006).

Dissolved oxygen –microorganisms

Based on biological parameters, Dissolved oxygen
negatively correlates with the TVC (Total Vibrio
Count) and TBC (total bacteria count). The
increasing level of bacteria abundance will make the
availability of oxygen in the ponds become
diminished due to its use in decomposition

processes (Aldunate et al., 2018). (Joseph et al., 2017),
stated that a lower concentration of bacteria in the
pond is positively correlated with the decline in
ammonia, nitrate, nitrite, DO and pH levels.

Oxygen balance and stratification

The depth of a pond, the surface area open to
mixing by wind or mechanical aeration, and the
biomass of plants and animals in the water column
that may influence photosynthesis or decomposition
rates all influence the degree to which a pond
stratifies (Hargreaves, 2003). Shallow aquaculture
ponds or lakes bodies (e.g., 3 to 8 feet deep) mostly
stratify during the day and destratify or equalize the
temperature of the water from top to bottom by
mixing at night during the summer months. Ponds
deeper than 10 feet may not be thoroughly mixed
during the night, resulting in the persistence of a
layer of cold water with very low DO near the
bottom of the pond. Increased sunlight intensity
near the pond’s surface causes greater algal
photosynthetic rates, which increases DO
concentration. Thus, surface water usually contains
much more DO than water near the bottom of a
pond. For example, on a calm sunny summer
afternoon, the DO concentration at the surface of a
pond can be more than three times higher than the
DO concentration along the bottom (Hargreaves,
2003).

Dissolved oxygen for the production

Dissolved oxygen levels in aquaculture ponds
manage the metabolism and growth of aquatic
organisms. Each species has different DO
requirements depending on developmental stage,
water chemistry and other environmental factors.
(Tucker and Hargreaves, 2004; Hargreaves and
Tomasso, 2004).

Aeration

Aeration function is to increase the area of contact
between air and water so that oxygen can enter into
the water surface, as mentioned by Petersen and
Walker, (2002). They also concluded that the aerator
function is similar to the ‘lung’ to driving oxygen
into water, stripping carbon dioxide out,
particularly for intensive aquaculture ponds.

Principles of aeration

Aerating an aquaculture pond water involves
transferring gaseous oxygen from the large reservoir
in the atmosphere into the water of the pond, where
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DO concentrations have dropped to critical levels
(Boyd, 1998). Aerators help mix pond water, reduce
thermal stratification, and improve other water
chemistry factors, notably DO content. Finally,
combining by aeration can minimize organic matter
accumulation that may increase BOD, reduce the
density of algal blooms that can lead to oxygen
depletion and fish health issues and shift the
composition of algae blooms that may lead to
flavour issues in finfish (Hargreaves, 2003).

Types of pond aerator

Various types of aerator systems have been
developed over the years to improve the energy
efficiency of the oxygen mass transfer process and
maintain the desired level of dissolved oxygen in
wastewater. Types of aerator techniquecan be
classified into three types (Thakre et al., 2008)
1. Surface or mechanical aeration method increases

the interfacial area by spraying water droplets
into the air.

2. Diffuser aeration method releases bubbles
beneath the surface of the water.

3. The Combined and turbine aeration method
introduced larger air bubbles into the water and
reduced their sizes mechanically.

Paddlewheel Aerators

The most widely used aeration method is
paddlewheel aerators. An arrangement of paddles is
attached to a rotating drum or shaft in these
aerators. The aeration efficiency of the unit is
affected by the pattern, length, and shape of the
paddles. They’re regarded as one of the most
energy-efficient methods of increasing dissolved
oxygen levels. Besides increasing the dissolved
oxygen, they also increase pond water’s horizontal
and vertical movement. The combined effect of
strong circulation and aeration allows the important
oxidized surface sediment layer (Boyd, 1995).

Diffused-air aeration systems

The most common diffusers are glass-bonded, and
silica stones, but diffusers made of porous plastic,
synthetic perforated membranes, and ceramic are
also used (Boyd, 1998; Tucker, 2005). The efficiency
of diffused-air aeration systems is primarily a
function of bubble size and diffuser depth. Diffusers
that produce smaller bubbles, commonly known as
fine-pore diffusers, are more efficient than diffusers
that produce large or coarse bubbles. Because
smaller bubbles have more surface area relative to

their volume, which facilitates more efficient oxygen
transfer. When the bubbles are released at a greater
depth, these more profound release points allow
more contact time for the bubbles to diffuse oxygen
into the water column as they rise to the surface
(Boyd, 1998; Tucker, 2005).

Aerator placement

Water circulation in large, rectangular ponds is
optimized by placing paddlewheel aerators off the
bank near the middle of the longer axis of the pond
to direct currents across the short axis (Boyd and
Watten, 1989). Another factor that influences the
efficiency of an aeration system is the placement of
the aerators within the pond, relative to both the
type of aerator used and the need for aeration.
Locating several aerators in a pond should be done
according to site factors such as depth, the direction
of prevailing winds, proximity to electrical power
sources and accessibility for fueling and maintaining
the equipment.

Design and performance of aerator systems in
aquaculture ponds

Oxygen transfer depends on many factors, including
the type, size, shape of diffusers, and tank geometry.
Variation in the depth of water and the extent of the
coverage area of the diffuser had a significant effect
on the tested parameters (oxygen transfer capacity
(OC), efficiency (E) and also on a percentage of
oxygen absorption (ä)(Kossay, 2006).

In another research, Standard aeration efficiency
was showed better results for the circular stepped
cascade (CSC) and pooled circular stepped cascade
(PCSC) aerators were found suitable for pond size
less than 1000 m3. However, for pond sizes, more
than 5000 m3, one-hp paddle wheel and two-hp
paddlewheel aerators were found more efficient
(Kumar et al., 2013). (Roy et al., 2016) have
conducted a study on the performance evaluation of
spiral aerators. It was found that the maximum
SOTR (standard oxygen transfer rate) and SAE
(Standard Aeration Efficiency) of 0.622 kg O2/h and
1.0 kg O2/kWh were obtained at the highest and the
lowest operational speeds of 240 and 70 rpm,
respectively. The oxygen transfer simulation curve
for a double hub paddlewheel aerator was almost
matched that of a single-hub paddlewheel aerator;
in addition to that double- hub paddle wheel
consumes more power than a single hub (Sanjib
Moulick and Mal, 2009).

Dalla Santa and Vinatea, (2007) have
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experimented evaluation of respiration rates and
mechanical aeration requirements in semi-intensive
shrimp Litopenaeus vannamei culture ponds. During
the study period, the SR was significantly higher
than WR, except for the third week of the culture
period. SR showed a wide variation during the
experiment, and the highest respiration rate
occurred in the last week of the culture period.
Temporal aeration requirements were characterized
from SR and WR data and the shrimp mean
respiration rate described in this study.

Nigeria developed a low-cost prototype paddle
wheel aerator for catfish production, and they are
usually made from locally available materials for
small and medium-scale fish farmers. They
concluded that adding oxygen to the water
improved the water quality, increasing fish stock
density, which was a significant setback for low-
income fish farmers in Nigeria (Omofunmi et al.,
2016). Similarly, in another study conducted by
(Busch et al. 1984) to evaluate three paddlewheel
aerators used for emergency aeration of channel
catfish ponds. The rate of oxygen transfer increased
linearly with the power requirement. The largest
paddlewheel aerator produced the highest oxygen
transfer rate when it was operated at its maximum
paddle depth. A big spiral shape was best suited for
air distributor shapes to supply fish ponds with
enough dissolved oxygen concentration. In this way
gas transfer increases in the aquatic pond may help
to increase the fish yield (Bhuyar et al., 2009). Apud
and Camacho, (1980) have studied the effect of
water movement and air-lift aeration on the survival
and growth of Penaeus monodon and opined that the
high survival rate obtained with aeration.
Microbubble generator (MBG) as low cost and high
efficient aerator for sustainable freshwater fish
farming mostly it is used in intensive aquaculture.
MBG aerator indicated faster degradation of organic
content in the water and induced faster growth of
the fish as measured by their length and weight
(Budhijanto et al., 2017).

Xiangju Cheng et al., 2016) have conducted the
research to study the effect of the different shapes of
air diffusers on oxygen mass transfer coefficients in
microporous aeration systems. The results showed
that the optimal aeration efficiency had achieved by
I-shaped diffuser followed by C-shape and disc-
shaped diffuser, the poorest efficiency obtained by
S-shape. Jayraj et al., (2017) have experimented on
design characteristics of the submersible aerator.
Aeration experiments were conducted on the

original and modified submersible aerators to
evaluate their performance and to optimize the
aeration efficiency. The percentage increase in
efficiency after modification was 92.50 %. Gray et al.,
(2011) have experimented on aeration system design
for energy savings and results showed that
successful operation of the system depends on the
successful operating of all the components of the
system. This study describes that a well-designed
aeration system can save up to 25 to 40% of energy
consumption.

CONCLUSION
The aeration of water can be carried out by various
processes like Paddlewheel aeration, diffused air
aeration, propeller diffuser aerator, vertical pump
aerators, gravity aerators etc., which showed
positive results such as growth and survival in the
aquatic species. To obtain a better aeration effect
every parameter like design of the system, rate of
oxygen transfer in the water, proper selection of
material in design of the system should be
considered. Fine bubble generation and paddle
wheel is the best way to transfer oxygen within the
water. Further research is needed to assess the
various type of Aeration efficiency, low cost design,
low power consuming aerators with high
performance in aquatic pond.

REFERENCES

Aldunate, M., DelaIglesia, R., Bertagnolli, A. D. and Ulloa,
O. 2018. Oxygen modulates bacterial community
composition in the coastal upwelling waters off
central Chile. Deep-Sea Research. 156 : 68-79.

Apud, F.D. and Camacho, A.S. 1980. Effect of water
movement and aeration system on the survival and
growth of hatchery bred sugpo (Penaeus monodon
Fabricius) in earthen nursery ponds. Q.Res. Reo.
Aquacul. Dep, Southeast Asian Fish. Dev. Cent. 4(3):
15-18.

Baker, D.B., Confesor, R., Ewing, D.E., Johnson, L.T.,
Kramer, J.W. and Merryfield, B.J. 2014. Phosphorus
loading to lake Erie from the Maumee, Sandusky and
Cuyahoga rivers: The importance of bioavailability.
Journal of Great Lakes Research. 40(3): 502-517.

Bhuyar, L.B., Thakre, S.B. and Ingole, N.W. 2009. Design
characteristic of curved blade aerator w.r.t. aeration
efficiency and overall oxygen transfer coefficient and
comparison with CFD modelling. International
Journal of Engineering Science and Technology. 1(1) : 1–
15.

Boyd, C.E. 1995. Deepwater installation of a diffused-air
aeration system in a shallow pond. Journal of Applied
Aquaculture. 5(1).



376 MOHAN ET AL

Boyd, C.E. 1998. Pond water aeration system. Aquacultural
Engineering. 18 : 9-40.

Boyd, C.E. 2001. Water quality standards: Dissolved
Oxygen. Global Aquaculture Advocate. 46 : 70-72.

Boyd, C.E. 2003. Guidelines for aquaculture effluent
management at the farm level. Aquaculture. 226 : 101-
112.

Boyd, C.E. and Martinson, S.I. 1984. Evaluation of
propeller-aspirator-pump aerators. Aquaculture.
36(3): 283-292.

Boyd, C.E. and Watten, B.J. 1989. Aeration systems in
aquaculture. Rev. Aquat. Sci. 1: 425–472.

Budhijanto, W., Darlianto, D., Pradana, Y.S. and Hartono,
M. 2017. Application of microbubble generator as low
cost and high efficient aerator for sustainable
freshwater fish farming. In: AIP Conference
Proceedings. 1840 (1) : 110008.

Buentello, J.A., Gatlin, D.M. and Neill. 2000. Effects of
water temperature and dissolved oxygen on daily
feed consumption, feed utilization and growth of
channel catfish (Ictalurus punctatus). Aquaculture.
182(3-4) : 339-352.

Bui, T. D., Van, J. L., Maier, S. W. and Austin, C. M. 2013.
Assessment and monitoring of nutrient loading in
the sediments of tidal creeks receiving shrimp farm
effluent in Quang Ninh, Vietnam. Environmental
Monitoring and Assessment. 185 : 8715-8731.

Busch, R.L., Tucker, C.S., Steeby, J.A. and Reames, J.E. 1984.
An evaluation of three paddlewheel aerators used
for emergency aeration of channel catfish ponds.
Aquacultural Engineering. 3 : 59-69.

Colt, J. 1984. Computation of dissolved oxygen
concentrations in water as functions of temperature,
salinity, and pressure. Special Publ. no. 14, Am. Fish.
Soc., Bethesda, MD: 155.

Dalla Santa, K. and Vinatea, L. 2007. Evaluation of
respiration rates and mechanical aeration
requirements in semi-intensive shrimp Litopenaeus
vannamei culture ponds. Aquacultural Engineering.
36(1): 73-80.

Das, P.C., Jena, J., Mishra, B. and Pati, B.K. 2012. Impact of
aeration on the growth performance of silver barb,
Puntius gonionotus, during fingerling rearing. Journal
of the World Aquaculture Society. 43(1) : 128-134.

Duy,  A. T., Schrama, J. W., Van Dam, A. A., Verreth, J. A.
J. 2008. Effects of oxygen concentration and body
weight on maximum feed intake, growth and
hematological parameters of Nile tilapia, Oreochromis
niloticus. Aquaculture. 275 : 152-162.

Florida Lake Watch. 2004. The beginners guide for water
management oxygen and temperature. Department
of Fisheries and Aquatic Sciences Institute of Food
and Agricultural sciences. University of Florida.

Gray, M., Kestel, S. and Stahl, T. 2011. Aeration system
design for energy savings. 201: 312-324.

Groot, C., Margolis, L. and Clarke, W.C. 1995. Physiology,
ecology of pacific salmon. Department of Fisheries
and Oceans, Biological Sciences Branch Pacific
biological station Nanaimo, British Columbia.

Hargreaves, J.A. 2003. Pond mixing. Southern Regional
Aquaculture Center, SRAC Publication No. 4602,
United States Department of Agriculture,
Cooperative State Research, Education, and
Extension Service. Mississippi State University,
Mississippi State, Mississippi.

Hargreaves, J.A. and Tomasso, J.R. 2004. Environmental
Biology. In: C.S. Tucker and J.A. Hargreaves (Eds.),
Biology and Culture of Channel Catfish, Elsevier B.V.,
Amsterdam Netherlands: 36-68.

Jayraj, P., Subha, M. ROY., Mukherjee, C.K. and Mal, B.C.
2017. Design characteristics of submersible aerator.
Turkish Journal of Fisheries and Aquatic Sciences. 18:
1017-1023.

JJoseph, G., Kharnaior, E. and Kumari, R. 2017. Physico-
chemical and microbiological quality of aquaculture
farms of Chellanam Panchayath, Ernakulam.
International Journal of Fisheries and Aquatic Studies.
5(5) : 428-437.

Koch, R., Kranawettreiser, J. and Wieting, J. 1975.
Application of hydro mechanical aeration in
intensive culture. Z. Binnerfisch. D.D.R. 22(12) : 368-
372.

Kotsay K. Al-Ahmady. 2006. Analysis of oxygen transfer
performance on sub-surface aeration systems.
International Journal of Environmental Research and
Public Health. 3(3) : 301-308.

Kuligiewicz, A. R., Bialik, R. J., Rowinski, P. M. 2015.
Dissolved oxygen and water temperature dynamics
in lowland rivers over various timescales. Journal of
Hydrology and Hydromechanics. 63(4) : 453-363.

Kumar, A., Mallick, S. and Mal, B.C. 2013. Selection of
aerators for intensive Aquacultural pond.
Aquacultural Engineering. pp 71-78.

Lawrence, C. 2007. The husbandry of zebrafish (Danio
rerio): a review. Aquaculture. 269 : 1-20.

Ma, Z., Song, X., Wan, R., Gao, L. 2013. A modified water
quality index for intensive shrimp ponds of
Litopenaeus vannamei. Ecological Indicators. 24 : 287-
293.

Madenjian, C. P. 1990. Patterns of oxygen production and
consumption in intensively managed marine shrimp
ponds. Aquaculture and Fisheries Management. 21 : 407-
417.

Mckee, J.E. and Wolf, H.W. 1963. Water quality criteria,
2nd edition. State of California, State Water Quality
Control Board, Publ. No. 3-A, Sacramento,
California.

Miles, N. G. and West, R. J. 2011. The use of an aeration
system to prevent thermal stratification of a
freshwater impoundment and its effect on
downstream fish assemblages. Fish Biol. 78: 945-952.

Mirzaei, F. S., Ghorbani, R., Hosseini, S. A., Haghighi, F.
P., Saravi, H. N. 2019. Associations between shrimp
farming and nitrogen dynamic: A model in the
Caspian Sea. Aquaculture. 510 : 323-328.

Noga, E.J. 2010. Fish Disease: Diagnosis and Treatment. 2nd

edition. Wiley-Blackwell, Ames, Iowa.
Nunes, A. J. P., Sa, M. V. C., Carvalho, E. A. and Neto, H.



Application and Importance of Aeration system in Aquaculture pond: A Review 377

S. 2006. Growth performance of the white shrimp
Litopenaeus vannamei reared under time- and rate-
restriction feeding regimes in a controlled culture
system. Aquaculture. 253 : 646-652.

Omofunmi, O.E., Adeumi, J.K., Adisa, A.F. and Alegbeleye,
S.O. 2016. Development of a paddlewheel aerator for
small and medium fish farmers in Nigeria. IOSR
Journal of Mechanical and Civil Engineering. 13(1) : 50-
56.

Petersen, E.L. and Walker, M.B. 2002. Effect of speed on
Taiwanese paddlewheel aeration. Aquacultural
Engineering. 26 : 129-147.

Poon, W.L., Hung, C.Y. and Randall, D. J. 2002. The effect
of aquatic hypoxia on fish. Department of Biology
and Chemistry, City University of Hong Kong,
Kowloon, Hong Kong, SAR, China.

Qiang, J., Zhong, C. Y., Bao, J. W., Liang, M., Liang, C., Li,
H. X., He, J. and Xu, P. 2019. The effects of
temperature and dissolved oxygen on the growth,
survival and oxidative capacity of newly hatched
hybrid yellow catfish larvae (Tachysurus fulvidraco@&
x Pseudobagrus vachellii B&). Journal of Thermal Biology.
86:102436.

Roy, S.M., Moulick, S. and Mal, B.C. 2017. Design
characteristics of spiral aerator. Journal of the World
Aquaculture Society. 48(6): 898-908.

Roy, S.M., Mukherjee, C.K. and Mal, B.C. 2016.
Performance evaluation of spiral aerator. Journal of
the World Aquaculture Society. 2 : 573-577.

Sahrijanna, A., Sahabuddin. 2014. Study of water quality
in the shrimp culture (Litopenaeus vannamei) with a
rotating feed system on intensive ponds : 313-320.

Sanjib Moulick and Mal, B.C. 2009. Performance
evaluation of double-hub paddlewheel aerator.
Journal of Environmental Engineering. 135(7) : 562-566.

Shultz, A.D., Murchie, K.J., Griffith, C., Cooke, S.J.,
Danylchuk, A.J., Goldberg, T.L. and Suski, C.D. 2011.
Impacts of dissolved oxygen on the behavior and

physiology of bonefish: Implications for live-release
angling tournaments. Journal of Experimental Marine
Biology and Ecology. 402 : 19-26.

Sultana, T., Haque, M. M., Salam, M. A. andAlam, M. M.
2017. Effect of aeration on growth and production of
fish in intensive aquaculture system in earthen
ponds. J. Bangladesh Agril. Univ. 15(1) : 113-122.

Svobodova, Z., Richard, L., Jana, M. and Blanka, V. 1993.
Water quality and fish health. EIFAC Technical paper
54.

Swingle, H.S. 1968. Fish kills caused by phytoplankton
blooms and their prevention. FAO Fish. Res. 44 (5) :
407-41.

Swingle, H.S. 1969. Methods of analysis for waters, organic
matter, and pond bottom soils used in fisheries
research. Auburn University, Auburn, Alabama.

Thakre, S.B., Bhuyar, L.B. and Deshmukh, S.J. 2008. Effect
of different configurations of mechanical aerators on
oxygen transfer and aeration efficiency with respect
to power consumption. International Journal of
Mechanical and Mechatronics Engineering. 2(2): 70-78.

Tucker and Robinson. 1990. Channel Catfish Farming
Handbook. New York.

Tucker, C.S. 2005. Pond aeration. Southern Regional
Aquaculture Center, SRAC Publication No. 3700.

Tucker, C.S. and Hargreaves, J.A. 2004. Pond water quality.
In C.S. Tucker and J.A. Hargreaves (Eds.), Biology
and Culture of Channel Catfish, Elsevier B.V.,
Amsterdam Netherlands: 215-217.

Ullman, C., Rhodes, M. A., Davis, D. A. 2019. Feed
management and the use of automatic feeders in the
pond production of Pacific white shrimp Litopenaeus
vannamei. Aquaculture. 498 : 44-49.

Xiangju Chenga, B., Yuning Xiea, Huaiqiu Zhenga, Qian
Yanga., Dantong Zhua and Jun Xie. 2016. Effect of
the different shapes of air diffuser on oxygen mass
transfer coefficients in microporous aeration systems.
Procedia Engineering. 154 : 1079-1086.


