Water quality and
Water quality Management in Aquaculture

Aquaculture can be defined as the high-dengty production of fish, shdlfish and plant
forms in a controlled environment. Stocking raes for high-dendty aguaculture are
typicdly thousand fold grester than wild environments. Modern fish culturists employ
both open and close systems to raise fish. Open systems, such as, the raceways (used in
hatcheries of both finfish and shellfish and dso in ed, trout culture) are characterized
by rapid turnover of water. Closed systems are commonplace in pond culture of carps,
catfishes, tilapia, sea bass, prawvn and shrimp among others. Closed aguaculture
sysems do not have rapid turnover of water, but do not have a high surface to volume
ratio feclitating exchange of gases, nutrients, energy etc. with the surroundings. Such
closed system, intensified, high-density aguaculture forms the basis of concern.

The different forms of high densty, intensve agueculture is quite Smilar because they
al obey the same &t of physicd and chemica principles. These principles compose the
subject of water chemistry and its net result i.e. the water qudity. Poor water chemistry
leads to deteriorate water qudity, which causes dtress to the organisms being raised.
Effidet feed converson, growth and marketability of the find product cannot occur
unless the pond system is baanced or in harmony with nature. Therefore the overriding
concarn of the fish culturig is to mantain, ‘baance or ‘equilibrium conditions with
respect to water chemistry and its natural consequence, good water quality.

Water qudity for aguaculturigts refers to the quality of water that enables successful
propagation of the desred organisms. The required water qudity is determined by the
gpecific organisms to be cultured and has many components that are interwoven.
Sometimes a component can be dedt with separately, but because of the complex
interaction between components, the compostion of the total array must be addressed.
Growth and surviva, which together determine the ultimate yidd, are influenced by a
number of ecologicd parameters and managerid practices. High stocking densty of
fish or crusaceans in ponds usudly exacerbates problems with water qudity and
Sediment deterioration.

Wadtes generated by aguaculture activity (faeces and unconsumed feed) first settle in
the bottom, as a consequence of organic waste and metabolites of degraded organic
meatter is accumulated in sediment and weater. Part of the wagte is flushed out of the
pondsimmediately or late after the organic matter has been degraded.

Culture of penaeids has become intendgfied snce 1986. In an intensve sysem of
Penaeus monodon culture sdinity, pH and dissolved oxygen were the main parameters,
which demondrated fluctuations of 195275 %., 7.4-82 and 4.66-825 mg/l
regpectively. In addition, ammonia-N (un-ionized plus ionized ammonia as nitrogen)
increased exponentidly with culture period, and jumped to 6.5 mg/l after 75 days of
cultivation.

Low disolved oxygen levd is the mgor limiting waer qudity parameter in
aqueculture systems. A criticdly low dissolved oxygen level occurs in ponds
paticulaly when dgd blooms die-off and subsequent decompostion of adgd blooms
and can cause dress or mortdity of prawns in ponds. Chronicaly low dissolved oxygen
levels can reduce growth, feeding and moulting frequency.



Another mgor consequence of aguaculture production is a high degree of variability in
the concentration of dissolved nitrates, nitrites and ammonia High feeding rates
observed in prawn fams lead to eutrophic conditions characterised by substantia
phytoplankton blooms. These blooms ultimately senesce and cause rapid increasing in
ammonia leves in the ponds. The environmentd conditions that creste high ammonia
concentrations may aso cause increases in nitrite concentration. Both ammonia and
nitrite can be directly toxic to culture organisms or can induce to sublethd dress in
culture populations that results in lowered resistance to diseases.

Ammonia accumulates in culture sysems following microbid decompogdtion of
organic materid and with some fertilization practices. Microbid decompostion leads
to low oxygen concentrations. Low dissolved oxygen concentration increeses the
toxidty of ammonia to culture organiams. In an agueous ammonia solution unionized
anmonia exigs in equilibrium with ionized ammonia and hydroxide ions The
unionized form is usudly toxic as it has high lipid solubility and it is dble to diffuse
quite readily across the cdl membrane. Ammonia is utilized as energy source by
nitrifying bacteria (Nitrasomonas and Nitrobactor) and oxidised it to nitrite and nitrate.

The production of brackishwater shrimps, which showed a srong increase in the 70's
and 80's, showed a declining trend during 90's in most parts of the world. In generd the
decrease in drimp production of aguaculture is attributed to over intensficetion,
leading to the deterioration of the surrounding environment and of pond water and pond
sediment quaity. Stress reduced shrimps resistance to pathogenic diseases, resulting in
mass mortdity. Development of aguaculture activities & a paticular Ste cannot be
caried out only by consdering planned facilities and the qudity of waer on the dte a
itsorigin but also on the aspects of water quaity management.

There is a grong reationship between the qudity of the water in the pond and that in
the water-surrounding environment. Degradation of surrounding water qudity will be
faster unless proper water qudity management techniques are not implemented in the
ever-increasing aguaculture system.

Aquaculture pond dynamics

Aquaculture ponds are a living dynamic sysems they exhibits continuous and congant
fluctuations. The pond undergoes a vast collection of both chemicd reactions and
physcd changes. Exchange of amospheric gases including Oxygen (Oy), nitrogen (N>)
and Cabon dioxide (CO,) with the pond water are vita to the process of fish
metabolism and plant photosynthess. Inorganic substances (minerds) dissolve from the
pond wals and bottom while precipitetion of dissolved minerds occurs. Physcas
exchanges between the pond its surroundings include absorption of sunlight (rediant
energy) to fud photosynthesis and supply oxygen with in the pond, heat exchange and
volume changes caused by evaporation and precipitation (rain). Changes in the volume
of a pond are very important as they affect the concentration of dissolved substances
and correspondingly requirements for treatment. Hence, the pond dynamics not only
depend on its own characters and conditions but adso on the surrounding atmospheric
westher conditions. Good production from aquaculture ponds can be achieved when the
pond and surroundings make chemicad and physical exchanges a a deady State. When
al of the processes badance, a sae of equilibrium is achieved. Pond equilibrium is the
optimum set of conditions for aguaculture, a sate completdy in harmony with nature.



Water chemistry

A guiding principle of agueculture is that water quality and hence efficient production
are a direct consequence of good water chemistry. Water may be consdered as a
‘binder’ or ‘matrix’ in which the dissolved gases, inorganic substances (minerds), as
well as organic maiter prevals. In addition to dissolved substance, the water matrix
gives support to microorganisms, plant and animd life forms and provides a medium
for chemicd exchange among these populations. However, water is itsdf rdativey
chemicdly inet, physcdly water has a high heat capacity (holds heat efficiently), is
relatively ‘polar’ affording it the ability to act as an excdlent solvent and is dso quite
dense. Its bailing point is quite high compared to smilar molecules and its freezing
point quite low. Therefore, water exists as a liquid over a rather broad range of
temperature making it amaost suitable medium for the support of life forms.

The mantenance of good water qudity is essentid for both survivd and optimum
growth of culture organisms. The levels of metabolites in pond water that can have an
adverse effect on growth are generaly an order of magnitude lower than those tolerated
by fishespravngshrimps for surviva. Good water qudity is characterized by adequate
oxygen and limited levds of metabolites The culture organisms dgee and
microorganisms such as bacteria produce metabolites in a pond. The mgor source of
nutrients in aguaculture is the feed. Because large quantities of feed are loaded in
ponds, excess feed, feca matter and other metabolites become avalable in lage
quantities for the growth of dgae and microorganisms.

At one point, the increase in population of dgae and microorganiams is exponentid.
This usudly occurs during the second half of the culture period because of avalable
nutrients. About 30% of the tota feed consumption is loaded into the pond during the
third quarter of the culture period and about 50% is loaded during the last quarter. The
agae and microbia population increases until a factor required for growth becomes
limiting, after which a sudden decrease in the population can occur. This is referred to
as a “collapse” or a “die-off”. The sudden increase and decrease in dgd and microbid
population can cause dragtic changes in water qudity parameters, which may affect
growth.

By redizing the overiding dgnificance of water chemidry, it is important to have a
firm grasp of some basic concepts. Like:

Temperature

Aquaculture organisms ae cold-blooded animas. They can modify their body
temperature to the environment in norma condition, unlike the warm-blooded animals,
which can react to maintain the optimum body temperature. For eg. the optimum range
of temperaure for the Black Tiger shrimp is between 28°C-30°C. Increase in
temperature beyond 30°C increases the activity level and the metabolism. This dso
increases the growth rate. If the temperature il increases then the shrimp reaches a
threshold of physicd and nutritiona tolerance, which is 33°C in poor quality water or
35°C in good quality water and remains stationary at the pond bottom.



If the environment does not improve the culture organisms may get infected by germs,
swim in a disoriented way to the surface or due to exhaudtion. If the temperature fdls
below 28°C, the metabolism reduces and so does the active behaviour and growth rate.
Below 20°C, the shrimp will take less feed. Shrimps cannot tolerate a temperature less
than 13°C.

In the semi intengve culture system, shrimps are more sendtive to temperature than in
the extensve one because of the higher biomass and less water volume. During the
rainy season, there is a greater possibility of occurrence of thermd dratification in pond
water column, as well asthe sdinity (dendty) and dissolved oxygen dratification.

Water depth and water volume affect the thermd capacity of the pond and the extent of
light penetration. It is related to fluctuation of planktonic agae and benthic dgae.

It dso influences the volume of the pond and therefore the ponds capacity to support
the dissolved oxygen, influencing productivity, biomass and production yield.

Salinity

SAHinity plays an important role in the growth of culture organisms through
osmoregulations of body mineras from that of the surrounding water. For eg. the
optimum range of sdinity for black tger shrimp is between 10 and 25 ppt, dthough the
shrimp will accept sdinity between 5 and 38 ppt. since its eurihdine character. The
ealy life stages of both shrimp and prawn requires standard seawater sdinities but
while growing they can with gand to brackishwater or even to freshwater. However,
for better survivd and growth optimum range of sdinity should be mantaned in the
aguaculture ponds.

Dissolved Oxygen

Atmospheric oxygen crosses the air-water boundary and dissolves in the water matrix.
The only way that oxygen can be introduced from ar to water is by diffuson.
Atmosphere contains vast amount of oxygen, some of which diffuse into pond waters
when they are unsaturated with oxygen. Likewise, oxygen is logt to the amosphere
when pond water have supersaturated with oxygen. The driving force causng net
transfer of oxygen between air and water is the difference in the tenson between
oxygen in the amosphere and oxygen in the water. Once equilibrium is reached i.e
oxygen tensons in ar and water are the same, the net oxygen transfer ceases. Oxygen
must enter or leave a body of water a the air-water interface and for the very thin film
of water in contact with air, the greater the deficit or surplus, the faster oxygen will
enter or leave the film. For undisurbed water, the net transfer of oxygen will depend
upon deficit or surplus, the area of the air-water interface, the temperature and the time
of contact. In generd, the rate of diffuson of oxygen depends primarily on the oxygen
deficit in water, the amount of water surface exposed to the ar and the degree of
turbulence.

Typicdly, dissolved oxygen is messured ether in mg. per litre (mgl’) or parts per
million (ppm) with O ppm representing total oxygen depletion and 15 ppm representing
the maximum or saturation concentretion.



The solubility of oxygen in water decreases as the water temperature increases. It is
interesting to note that oxygen appears to operate in a cyclic fashion. Having crossed
ar-water boundary, dissolved oxygen is utilized by aguaic organism to accommodate
metabolism and is excreted as carbon dioxide (CO,). The liberated CO, is used by,
photosynthetic plant forms to regenerate oxygen within the pond. The aguatic organism
agan consumes much of this oxygen and some is returned to the environment. There
gopears to be a symbiotic reaionship between the aguatic organisms and
photosynthetic plant forms.

The oxygen cycle and hence oxygen baance can be affected by, what is known as the
biochemica oxygen demand (B.O.D.) of the pond. Decaying plant and anima matter
consume subgantiad amounts of oxygen in the decaying process. It is important to
redize that the oxygen cycle and hence dissolved oxygen levels can be affected by
changes in the surroundings, a coudy day with litle sunlignt will reduce the
photosynthetic  oxygen contribution to dissolved oxygen. Smilaly, unusudly high
temperatures will lower the solubility of oxygen in waer and hence low dissolved
oxygen. When apond isin ‘baance’ dissolved oxygen will not vary erdicaly.

Oxygen is one environmenta parameter that exerts a tremendous effect on growth and
production through its direct effect on feed consumption and metabolisn and its
indirect effect on environmenta conditions. Oxygen dffects the solubility and
avalability of many nutrients Low levels of dissolved oxygen can cause changes in
oxidation dtate of substances from the oxidized to the reduced form. Lack of dissolved
oxygen can be directly harmful to culture organisms or cause a subdartia increase in
the leve of toxic metabolites. It is therefore important to continuoudy mantain
dissolved oxygen at optimum levels of above 3.5 ppm.

There is above 21% oxygen content in the ar. Air acts a big reservoir for oxygen
concentration in water is limited by its solubility. The solubility of oxygen:

decreases as the temperature increases.

decreases exponentialy with increase in sdinity.

decreases with lower atmaospheric pressure and higher humidity.
incresses with depth.

Strategies to mantain optimum levels of DO would be to take advantage of mgor
factors that increase DO and put into check the factors that decrease DO.
Photosynthess plays a mgor role in oxygen production; respiration of dl living
organiams in the pond is the mgor factor involved in oxygen consumption. Oxygen
concentration in pond water exhibits a diurnd pattern, with the maximum occurring
during the pesk of photosynthesis in the afternoon and the minimum occurring & dawn
due to nighttime respiration. The magnitude of DO fluctuatiion is smal and occurs
aound the level of saturated DO when plankton dendty is low and increases as
plankton dendty increases. Supplementd agration is generdly provided during
nighttime when DO increases to levels below 4.0 ppm.

Photosynthesis of phytoplankton is the mgor contributor of DO during the day and
diffuson accounts for increeses when DO is bdow saiuration a night. Diffuson at
night can be tremendoudy facilitated with the use of aerators, which exposes more
water surface to equilibrate with atmospheric oxygen. Through reverse diffuson, an



aerator operated during the day will tend to remove supersaturated DO. The net effect
is a milder diurnd fluctuations of DO gmilar to the conditions of low phytoplankton
dengity. Such conditions are favorable for semi-intensive culture of prawn and shrimp.

Photosynthetic oxygen production is dso dgnificantly limited when a plankton die-off
occurs. The phenomenon is commonly observed when a cyclone occurs. Under these
conditions, flusing out decaying plankton, providing for additiond aerators and
aeraing for additional hours may be necessary to maintain DO a optimum levels.

When plankton densty is high, it has a shading effect which limits the penetration of
aunlight in water thereby reducing photosynthetic oxygen production in the bottom of
the water column. High plankton dendty often results from high nutrient loads and
other these conditions, large quantities of feed and fecd wastes are found on the pond
bottom. This causes an increase in bacterid population and metabolic activity in the
bottom sediments, which are severd orders of magnitude higher than tha in the water
column. Consequently, DO consumption is much gregter in the bottom sediment.
Limited light penetration and incressed DO consumption in the bottom may cause
sgnificantly lower DO compared to the top layer of the water column. If this causes
DO to deplete to lower than criticd levels, disastrous effects on the prawns may
happen. Limited light penetration (low secchi disc reading) can dso cause differences
in the temperature of the top and bottom layer. Temperature dreification usudly
occurs during cdm and wam afternoons. Pond managers should avoid temperature

differences of greater than 1°C.

It appears that the occurrence of cramps (curved-giff) in pravns and dhrimps, which
may cause mortdities, is associated with sudden temperature changes. Circulating the
pond water helps remove or minimize grdificaion by agitators.

It was found that the paddie whed aerator is capable of eevating the dissolved oxygen
level from 0.05 to 4.9 mg/l with in 4 hours in 0.5 ha. Pond. It was adso suggested that
the low dissolved oxygen vdues in the aguaculture ponds be improved rapidly by
combination of aeration and water exchange.

PH (measure of acidity or alkalinity)

PH or the concentrations of hydrogen ions (H") present in pond water is a measure of
acidity or dkainity. The pH scade extends from 0 to 14 with O being the mogt acidic
and 14 the mogt dkdine. PH 7 is a condition of neutrdity and routine aguaculture
occurs in the range 7.0 to 9.0 (optimum is 7.5 to 85). Exceedingly akdine water
(gregter than pH 9) is dangerous as ammonia toxicity incresses regpidly. At higher
temperatures fish are more sendtive to pH changes.

It is an important chemica parameter to consder because it affects the metabolism and
other physiologica processes of culture organisms. A certain range of pH (pH 6.8 —
8.7) should be maintained for acceptable growth and production. But in sami- intengve
culture, re-optimum range is better maintained between pH 74 — 85. pH 7 is the
neutral point and water is acidic below pH 7 and basic above pH 7. pH changes in pond
water ae manly influenced by carbon dioxide and ions in equilibrium with it. PH can
adso be dtered by a) Organic acids, these are produced by anaerobic bacteria (“acid
formers’) from protein, carbohydrates and fat from feed wastes, b) Minerd acids such



as aulfuric acid (acid-sulfate soils), which may be washed down from dikes during rains
and ¢) Lime gpplication.

Like DO, a diurnd fluctuation pettern that is associated with the intendty of
photosynthess, occurs for pH. This is because carbon dioxide is required for
photosynthess and accumulates through nighttime respiration. It peeks before dawn
and is a its minimum when photosynthess is intense. All organisms respire and
produce Carbon dioxide (CO,) continuoudy, so that the rate of CO, production
depends on the dendty of organisms. The rate of CO., consumption depends on
phytoplankton dendty. Carbon dioxide is acidic and it decreases the pH of water. Also,
at lower pH, CO, becomes the dominant form of carbon and the quantity of bicarbonate
and carbonate would decrease. The consumption of CO, during photosynthess causes
pH to peek in the afternoon and the accumulation of CO, during dark causes pH to be
at its minimum before dawn.

The pH should be monitored before dawn for the low level and in the afternoon for the
high levd. The magnitude of diurnd fluctuaion is dependent upon the density of
organiams producing and consuming CO, and on the buffering capacity of pond water
(greater buffer capacity a higher dkdinity). i.e, Diurnd fluctuation of pH is not grest
in pond water of higher adkdinity. An dkdinity above 20 ppm CaCOs is preferred in
prawn/shrimp ponds. Intervention, such as flushing of ponds to reduce the pH, is
advisable when the magnitude of diurnd fluctuation in pH is grest.

Nevertheless, one should notice that the drastic fluctuation of pH would cause stress to
culture organiams. Normaly, it should mantan the daly fluctuation within a range of
04 difference. Control of pH is essentia for minimizing ammonia and HyS toxicity.

Ammonia

Ammonia is the second gas of importance in fish culture its sgnificance to good fish
production is overwheming. High ammonia levels can aise from overfeeding, protein
rich, excess feed decays to liberate toxic ammonia gas, which in conjunction with the
fishes excreted ammonia may accumulate to dangerously high leves under certain
conditions. Fortunately, ammonia concentrations are patiadly ‘curbed” or ‘buffered by
converson to nontoxic nitrate (Nog’) ion by nitrifying bacteria Additiondly, ammonia
is converted from toxic ammonia (NHs) to nontoxic ammonium ion (NH;") a pH
below 8.0.

Hardness

Numerous inorganic (minera) substances are dissolved in water. Among these, the
metas cadcum and magnesum, dong with their counter ion carbonate (COs?)
comprise the bass for the messurement of ‘hardness. Optimum hardness for
aquaculture is in the range of 40 to 400 ppm of hardness. Hard waters have the
capability of buffering the effects of heavy metds such as copper or zinc which are in
gengd toxic to fish. The hadness is a vitd factor in mantaning good pond
equilibrium.



Turbidity

Water turbidity refers to the quantity of suspended materia, which interferes with light
penetration in the water column. In prawn ponds, water turbidity can result from
planktonic organisms or from suspended clay patides Turbidity limits light
penetration, thereby limiting photosynthesis in the bottom layer. Higher turbidity can
cause temperature and DO dratification in prawn ponds.

Planktonic organisms are desirable when not excessive, but suspended clay particles are
undesirable. It can cause cdogging of gills or direct injury to tissues of prawns. Eroson
or the water itsdf can be the source of smdl (1-100 nm) colloidd particles responsble
for the unwanted turbidity. The particles repe each other due to negative-charges. this
can be neutrdized by dectrolytes resulting in coagulation. It is reported that dum and
ferric sulfae are more effective than hydrated lime and gypsum in removing clay
turbidity. Both dum and gypsum have acid reactions and can depress pH and total
dkdinity, so the smultaneous gpplication of lime is recommended to mantan the
suitable range of pH. Treatment rates depend on the type of soil.

Redox Potential (Oxidation-Reduction Eh)

Redox Potentid is an index indicating the datus of oxidation or reduction. It is
correlated with chemica substances, such as G, CO, and minerd composed of aerobic
layer, whereas H,S, CO,, NHs;, H,SO; and others comprise of anaerobic layer.
Microorganisms are corrdated with the Staus of oxidation or reduction. With the
degree of Eh, it is indicative of one of the parameters that show the supporting ability
of water and soil to the prawn biomass.

In semi intengve culture photosynthetic bacteria (PSB) plays an important role through
absorption and converson of organic matter into the minerds and nutrients as a
secondary  production, compared to the primary production of agd population. PSB
exig paticulaly due to low oxygen levd and high intensty of light and can
sgnificantly improve the culture environment.

Water quality management

Water quaity parameters should be monitored to serve as guide for managing a pond so
that conditions that can adversely affect the growth of prawns can be avoided. In cases
where problems are encountered, these parameters can help in the diagnoss, s0 a
remedy can be formulated. Individua parameters usudly do not tel much, but severd
parameters put together can serve as indicators of dynamic processes occurring in the
pond.

The population of phytoplankton and microorganisms are mgor determinants of the
level of oxygen and metabolites in the pond. The diet fluctuation of DO (including its
vertical profile), pH and CO, serve as indicators of ther population. Snce CO; is the
magor factor affecting the did fluctuation of pH, monitoring pH fluctuetion may be
adequate. Also, CO, ismore difficult to measure.



Daly measurements are conducted a ealy hours ie 5-6 am and dfter noon
measurements in the i.e 2-3 pm. This represents the period before the dat of
photosynthess and the pesk of photosynthess, respectively. Thus the maxima and the
minima of these parameters occur during this period. The other parameters do not have
a diginct did pattern and therefore can be monitored only once a day, preferable a a
common time. Feed and growth data need to be presented with water quality
parameters, sSde by sde. This is because dga blooms are consequences of nutrients
from feeds and excess feed can cause the rapid deterioration of water quality.

Carefu  monitoring and data collection will reman usdess unless it influences
decisons regarding water management. This becomes more important as cost to
implement various management schemes (aeration, water exchange, inputs) increase.

Most of the water quality problems can be solved with adequate water exchange. Thus,
if large quantities of water auitable for aguaculture were avalable, monitoring would
not be as critical and high production levels can be targeted. If water is limited, the risk
of encountering water quality and disease problems increases as one goes for more
intendve culture.

Water Exchange

When gocking dendty increases, it is of primary importance to have a dependable
water supply and to maintain good water quality. So far, besdes aeration, water
exchange is dill the mogt effective and widdy employed method to mantan good
water qudity besdes water qudity enhancers like sanitizers, zeolite etc. Generdly,
water exchange is used to adjust sdinity as dedired, to remove excess metabolites, to
keep dgee hedthy and producing ample oxygen and to regulate pond water
temperature. The exchange rate varies with the production period, stocking densty and
total biomass, levels of naturd productivity, turbidity and source and volume of weter.

The principle of water exchange is to change the water in a way such that the water
qudity changes gradudly ingead of doruptly. In semi-intendve sysems, frequent and
sometimes even continuous water exchange a a smdl flowing rae is employed. Abrupt
addition of large quantities of water in smdl ponds may result in sudden environment
change, which subsequently can dress in culture organism. Therefore, massve water
replacement is not recommended unless there is sudden die-off of plankton, critica low
oxygen or after the gpplication of chemicds Continuous water exchange should be
accompanied with running of paddlewheds to have the pond water fully mixed.
Otherwise, it will cause great differences of water qudity within a pond and
heterogeneous digtribution of culture organisms on the pond bottom.

Lowering the water levd fird and adding new water is not recommended, especidly
during daytime in summer. Increesng water temperature, while lowering weater levd,
can reduce the capability of water to hold oxygen and hasten the degeneration of the
pond bottom, leading to oxygen depletion. It is better to add new water first according
to the predetermined exchange rate, have the paddiewhed running to homogenize water
throughout the pond and then discharge water.



Both bottom and surface water discharge can be conddered. Water qudity in the
bottom layer is generdly worse than near the surface. Surface water should be
discharged when there are scums, shrimp or prawn faeces and floating dead plankton
are present. During and after showers, the lower dendty freshwater at the surface
layer should be discharged to avoid sdinity change.

The lowering of sdinity more than 5 ppt, a each time, by the waer exchange is not
recommended. Drastic changes of sdinity may dter the phytoplankton fauna and ther
population densities and lead to ingtability of the ecosystem.

Water exchange isthe first method to improve pond management, except when

Good qudity of water is not available.

A dradtic change to the pond environment should be avoided.

Culture organisms have been greatly weskened as a result of nutrition depletion
and diseases.

Ponds are being trested with chemicals and medicine.

While doing water exchange severa parameters should be noticed such as pH vaue,
sinity, temperaure, turbidity and other parameters related to defining good pond
environment.

In the firg month of culture, the water cultivation is most important and therefore only
low levd of exchange waer addition to fill up pond to take care of evaporation and
seepage needs to be done instead of heavy water exchange. As the culture proceeds the
degree of contamination is different and the purpose of water exchange is to decrease
the contamination that can influence shrimp/prawvn growth. Bascdly, the water
exchange rate is determined by maintaining the optimum range of parameters discussed
above and particularly on the amount of biomass.

Acceptable water quality can be achieved using the following pond management
techniques:

Controlled water exchange. Water exchange is done daily, as routine or extra
exchange may be recommended to prevent onset of a problem or be
recommended as integrd to a criss management.

Co-ordinating water exchange and fertilization to maintain populations of agee.

Avoid overfeaeding through proper management of feeding trays.

Aerdtion.

Continud or periodic removd of accumulated organic materiad from the pond
bottom.

Maintenance of a high dendty bacterid flock i.e. probiotics combined with
water circulation and aeration.

Water exchange done does not in prove dissolved oxygen unless there is a ggnificant
difference in DO leves between intake and pond water. In farms that practice the step-
wise water exchange method, it is beneficid to schedule filling of pond and incoming
water is the maximum. An effective method of achieving desrable water qudity during
culture is a periodic reduction of 25-50 cm in the water level of the pond followed by
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heavy smultaneous exchange of water for 12-24 hours d the reduced depth. Since the
water volume in the pond is reduced a greater percentage exchange is achieved in a
shorter period. Thisis recommended to achieve the following:

Temporary improvements in DO caused by cropping dgd populaions beow the
“compensation depth” of the pond, which is the depth a which oxygen production and
repirdion by phytoplankton ae equd. Light-limited phytoplankton beow the
compensation depth are net consumers of oxygen. The compensation depth roughly
corresponds to twice the secchi disk depth. Prevent an increase of undesrable aga
species. Water exchange done can reduce the densty of undesrable species. |If
fertilization and inoculaion is done Smultaneoudy with water exchange, culture of
appropriate species can be achieved. The reduced pond volume amplifies the effects of
fertilization.

Routine water exchange requirements are determined by shrimp/prawn/  biomass,
feeding rates, phytoplankton and microbia dengties and the presence or absence of
aerators and sediment disposd sysems. Daly water exchange is corrdated with
shrimp/prawn biomass and adjusted in accordance with DO and secchi disk readings.

Fotting morning and afternoon DO and secchi disk readings facilitates early detection
of trends that would require adjustments in the basc water exchange program.
Nighttime DO can be predicted by smply plotting DO readings a dusk and during the
night, and extrapolating the results to dawn.

Although it is possble to mantan large biomass of dhrimp with low rates of water
exchange, pumping codsts are generdly less than 10% of the tota cost of production and
unless water resources limited, it is not advisable to reduce water exchanges rates in
smi-intendve sysdems smply to minimize cods. Higher water exchange reduces the
risk of water qudity related disease problems. It is dso one of the few management
tools avalable for preserving surviva in diseases animds that does not rely on use of
chemicds.

Aeration

Paddlewheds are commonly used in semi-intendve shrimp/prawvn culture and is one of
the mgor capital cost item in the farm. The paddlewhed aerators are used to increase
contact surface of water with air thereby increasing the area through which oxygen is
absorbed by the water and to create a circular movement of the pond water. This has
the following advantages:

It increeses the dissolved oxygen level of the water and prevents oxygen
depletion during the night.

It accdlerates the diffuson effect of not only the oxygen, but dso enables the
capture or release of carbon dioxide. Carbon dioxide is important for culture of
agae and therefore for maintenance of appropriate watercolor.

It fecilitates the voldilization of undesirable gases such as N2, NH3, CH; and
H,S.
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It reduces the daily fluctuation range of pH vaue.

It accelerates the decompostion and minerdization of organic matter in weter
and soil and helpsin the rlease of nutritive vaue of fertilizers.

It diminishes the posshble dratification of pH, DO, sdinity and temperature in
the pond water.

It helps in mixing the pond water and maintenance of ided conditions al over
the pond.

It increases turbidity when necessary.

As the pond water moves in a circular fashion the pond bottom is cleaned and the waste
matter gets accumulated in the center and the corners. By this method most of the pond
bottom is kept clean.

It is very important during application of chemicas or medicd treatment with respect
to digtribution of chemicalsmedicines throughout the pond and ensure to be careful in
proper water exchange to reduce any sde effects. Use of paddiewhedls dso has the
advantage of accderating the evaporation rate thereby increasing the sdinity. This is
however, an advantage in the condition of low dinity.

There is no hard and fagt rule regarding the number of paddlewheds to be used in a
pond because it is difficult to define the rdation between biomass in the pond and the
interaction of various water parameters.

The arangement of paddlewheds in the pond is done to maximize circulation
efficiency and minimize dead corner areas. The arrangement of paddlewheds should be
to ensure anticlockwise movement of water in the pond in the Northern Hemisphere
and cdockwise movement of water in the pond in the Southern Hemisphere. This
ensures that when bottom drainage arangements are used, the efficiency of water
exchange and draining out of waste product is improved since water when exising
from the bottom of the reservoir in the northern hemisphere has an anticlockwise
vortex, whereas in the southern hemisphere has a clockwise vortex.

Aerators are usudly arranged pardlel dong the banks and about 5 to 10 m distant from
the dikes depending upon the pond sze. Each paddie whed should normdly separated
by a distance of 30 m and 50 mfor optimum efficiency of the paddle whed. Avoid
relocating paddle whed s during culture.

Removal of dissolved metabolic organics

One of the important dress factors is the increase of dissolved metabolic organics in
culture water. It can increase ammonia and microorganisms.
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Dissolved metabolic Causes Stress

organics l
(1) Decaying excess  (a) Toxic Animds stop esting,
high protein feed ammonia weskness and become
nitrate susceptible to diseases.
(2) Dead larvee, (b) Microorganisms - Lower
organisms, bacteria, fungi & water quality
adgee protozoans — >
>
(3) Animdsexcreta, (c) BOD (Biologica
urine oxygen demand)

This explans why water qudity deterioration could quickly cause a high mortdity rate.
To prevent the buildup of dissolved organics, frequent partia to tota water change is
necessary; or the pollution could be reduced by the chemicdly removing the pollutants
by adsorption using activated carbon.

The best way to facilitate the remova of metabolic wastes in a pond is by flushing out
water from the bottom. Condantly mantaning high DO in the pond through
supplementd  agration and water exchange, enhances nitrification. Nitrification is a
mgor mechaniam for ammonia remova in well-aerated ponds. Paddlewhed aerators
are usualy operated during dark (7 pm to 7 am) when oxygen depletion is likey to
occur and a noon (12 noon to 2 pm) when temperature and oxygen dratification can
become sgnificant.

Phytoplankton management

Phytoplankton play a dgnificant role in gabilizing the whole pond ecosysem and in
minimizing the fluctuations of waer qudity. A suitable phytoplankton population
eviches the sysem with oxygen through photosynthess during day light hours and
lowers the levels of CO,, NHsz, NO, and H,S. A hedthy phytoplankton bloom can
reduce toxic substances since phytoplankton can consume NH; and tie-up heavy
metds. It can prevent the devdopment of filamentous agae snce phytoplankton can
block light from reaching the bottom. A hedthy bloom aso provides proper turbidity
and subsequently stabilizes shrimp and reduces cannibalism. It decreases temperature
lossin winter and stabilizes water temperature.

Pond bottom treatment

For farms adopting advanced technology, it is necessary that pond bottom should be
completely dried and aerated to get rid of toxic gases.

Many ponds in low-lying areas cannot be completely drained and dried. To overcome

this, Aquafarmers gpply waste digesters to the ponds. The digesters are harmless
bacteria (probiotics) and enzymes that consume organic metter on the pond bottom.
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After the gpplication of digesters farmers gpply a disinfectant, either organic dlver or
organic iodine. Copper sulphate is not used as a disnfectant now a days as it is not
biodegradable and accumulates in the pond upto levels that are toxic to agudic life.
Organic dlver is highly effective agangt bacteria and viruses and its toxicity to agqudic
life is very low. Organic dlver is goplied a the rate of 18 litres (4 gdlon) per hectare
after lowering the water depth to 12 inches. Seven days after the gpplication, this
disnfectant disntegrates, so there is no need to flush the pond. Organic sSiver dso
prevents the development of agae that grows on shdlls.

Organic iodine, can cure gill or shel diseases, kills bacteria on contact and has low
toxicity. Its effect can be noticed within 24 hours and the pond bottom can be
disnfected without emptying the pond. The suggested dosage is 5 ppm to 10 ppm. Its
affectivity lagts for two to three days compared to about seven days in the case of
organic slver.

Nitrogen Metabolites

Large quantities of organic mater originaing from the heavy feed load and feacd
matter accumulate in aguaculture ponds. These undergo oxidation-reduction reactions
leading to decompostion, manly through the action of bacteria Different forms of
inorganic nitrogen like ammonia, nitrite and nitrate are produced during decompasition.

Maintaining water quality and preventing diseases

Environmentad conditions vary condderably a different times of the year and the
bacterid and fungd, load of seawater dso varies. During the dry moths, there is less
dilution of organic and toxic pollutants from human and indudrid wastes. During this
time the absence of rans also reduces water exchange between clean seawater and
polluted coastal water. The result is a rise of vird, bacteria, protozoa, fungi and toxic
pollutants in the water. This is patidly upset during the hot summer months by
phytoplankton and zooplankton blooms, which assmilate some of the bacteria and
toxic subgtances. Under such conditions, cultured animas become vulnerable to
infection. They are stressed by the following:

Overcrowding in captivity.

Temperature fluctuation of water, especidly during water change (A one-
degree Celdus difference can cause stress).

A temporary decline in dissolved oxygen level due to power failure.

Increase of free-carbon dioxide, un-ionized ammonia and organics due to
decaying excess feed and dead animds.

Physica manhandling during water change.

Poor nutrition — improperly fed fish and prawn.

The high levd of toxic pollutant in seawater that may contan heavy metds
such as copper, zinc, lead, nicked, mercury and chemicas like poly-chlorinated
biphenyl compounds, chlorinated hydrocarbons such as DDT and other
pesticides.
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While there is no known practicd way to remove these pollutants. Effect should be
made to limit these dress-inducing factors to keep the animds srong enough to fight
infection. Hedthy animads, do not easly succumb to diseases. Where adequate
filtration is not possble treatment of water is suggested to lower the bacteria and
fungd load of the water.

Self-pollution as a possible factor

When the accumulation of nutrients within ponds is high, sdf-pollution of the culture
environment reduces production, frequently as a result of a severe disease-outbreaks.
Although, in some cases, production losses can be linked back directly to disease
outbregks, it is often difficult to separate the effect of disease and poor water qudity.
Disease-outbresks occur when (1) a pathogen infects a populaion previoudy not
exposed to the microorganism. or (2) poor culture conditions wesken resstance to
pathogens permanently present in the culture environment. Outbresks of new infectious
diseases will be difficult to prevent as long as there are no drict regulations for transfer
of culture stocks between regions. From a practical point of view, more atention
should be paid to culture conditions, with specid attention to water quality.

Some farms, experienced a collapse in production from 15-18 Mt ha to 46 Mt ha,
but were able to restore production levels of 10-12 Mt ha! year on a continuous basis.
These farmers concentrated on water quality management, introducing measures such
as high levds of pond flushing (>30% day) excavation and tilling of pond bottoms
upon harvest, emergency aeration and the use of drugs, chemicas and biologica agents
to suppress disease-outbreaks. Farmers apply these measures empiricdly.
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Details of the importance of physico-chemical parameter
and microbiological aspects in aquaculture ponds.

S. Parameter Purpose Equipment Chemicalsand
No Required Glassware Required
I Water qudity

parameters
1 Temperature Maintenance of optima Mercuric
temperature, fluctuations thermometer /
at high leve, leedsto Digitd
severe effect on entire thermometer
body of pond and leeds
thermal stress on shrimp,
agd crash etc. (28 - 32°C)
2 HAinity Eurihdine tolerance Clinometers Titrimetric method of
capacity with broad range (Refract meter) knewdson’ s for
of dinity standardization of
(10 - 25 ppt) sdinometer
3 PH Little bit basic conditions Digitd PH meter | Standardized by
are favourable / pH pen Titrimetric method
(74-8.5)
4 Transparency Optima maintenance of Sacchi disc Primary productivity
plankton dengity estimation by dark
(30-40cm) white bottle method by
C'* method
5 Disolved Is the main requirement D.O. Meter/ Chemicd and
Oxygen for physologicd & Wrinklers Glassware required
biochemical activities of method burette, pipette, conical
living things (> 3 mg/l) flasks, D.O bottles
(reagent bottles),
beakers etc.
6 BOD It is necessary to estimate D.O method/ Chemicd and
the requidite of oxygen Wrinklers Glassware required
content by the enclosed method burette, pipette, conica
body of water flasks, D.O bottles
(reagent bottles),
beakers
7 COD The amount of oxygen Oxidized method | Chemicd & Glasswvare
required for the complete required reflexor,
oxidation of all hotplate etc.
organic/chemical
components in the pond
environment
Cont....
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8 | Nitrate—N The nutrient content is Spectrophotometer meter/ Chemicads &
very high leadsto Caorimeter/kits (YS!, Glassware
heavy blooming of Merck, Loba)
agee

9 | Nitrite—N Itisantoxic Spectrophotometer/ Chemicds &
condtituent Caorimeter/ kits (Y S, Glassware

Merck, Loba etc.)
10 | Ammonia—N Itisantoxic Spectrophotometer/ Chemicads &
condtituent Cdorimeter/ kits Glassware
11 | Phosphate—P Nutrient Spectrophotometer/ Chemicads &
Cdorimeter/ kits Glassware
12 | Hydrogen Toxic and makes Spectrophotometer/ Chemicds &
sulphide anoxic conditions Cdorimeter/ kits Glassware
13 | Sediment andyss
a Sediment
organic matter It shows how much of Titrimetric method Chemicads &
organic matter and Glassware
organic carbon
produced in the pond
bottom by the shrimp
b. Sediment faming activity.
composition
It exhibitsthe ratio’ s of Pipette method Chemicads &
sediment components Glassware
i.e, sand, St & clay

1| Biologicad

A. | Bacteriological

1 | TVC(Totd It revedsthetotd Laminar flow chamber, TGY media
Viable count bacterid forms that oven, incubator, autoclave, (Tryptone
of Bacteria) harbour the pond petridishes, test tubes, Glucose Y east

environment conical flasks, test tube extract Agar)
stand, micropipette,
beakers, digital colony
counter.

2 | TVLO(Totd It revedsthetotal Laminar flow chamber, TCBS media
Vibrio like bacterid forms that oven, incubator, autoclave, (Thiamine
organizers) harbour the pond petridishes, test tubes, Citrate, Bile

environment conicd flasks, test tube sucrose sdlt
stand, micropipette, Agar)
beskers, digital colony
counter.

3 | Other pathogenic | It revedsthetota Different media
bacteria bacterid forms that -DO- for respective

harbour the pond various bacteria
environment
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B. | Virdogy
1 | Dot Blot method Vird diseases like WSV, Kits -
MBYV etc.
2 | PCR method
Vird diseaseslike Primers, Therma cyclar, UV -
WSSV, MBV etc. laminar flow chamber,
electrophoresis unit, UPS system
etc.
3 | Higopathology
Vird diseaseslike WSV, | Microtome, staining & distaining -
MBYV etc. equipment and stains.
C. | Ectocommensa
Parasites Like Zoothamnium, Simple binocular microscope and -
Vorticdla, Fungi etc. Compound monocular microscope
with CCTV.
Details of the analysis methods and the required equipment
for the physico-chemical parameters and microbiological
aspects of water and sediment in aquaculture ponds.
S. No | Parameter M ethodology Equipment / Chemicals
1 Temperature Visble Digita Thermometer
2 Sinity Vighlefitration Refractometer
3 PH Vigblefitration pH pern/meter
4 Alkdinity Titrimetric method Glassware & Chemicds
5 Transparency Light intengty Sacchi disc
6 Turbidity Tendol effect principle Tindaometer
7 Dissolved Oxygen Vigblefitrimetric method | YSI DO meter
(Wrinklers)
8 BOD Vigblefitrimetric method | YSI BOD probe
(Wrinklers)
9 COD Reflection method Reflexor unit
10 Nitrate— N Wood et a. (1967) method | Spectrophotometer meter
Americen  Public  Hedth | (Chemicds & Glasswvare)
Asociation (APHA)
11 Nitrite— N Wood et a. (1967) method | Analysis kits (Merck, Loba,
(APHA) Y S|, BDH etc.)
12 Ammonia— N Soloranzo (1969) Anayss kits (Merck, Loba,
(APHA) Y S|, BDH etc.)
13 Phosphate — P Muphy & Riley, 1962 | Andyss kits (Merck, Loba,
(APHA) Y SI, BDH €ic.)
14 Hydrogen Sulphide p-Phenylene Diamine | Analysis kits (Merck, Loba,
Hydrochloride (APHA) YSl, BDH etc.)
15 Sediment Organic Matter | Gaudette et d. method Glassware & Chemicals
Titration
16 Sediment Composition Pipette anadyss Glassware & Chemicals
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Standards of Water Quality for Aquaculture

ITEMS

VALUE OF STANDARD

1. Colour, offendve smdl.

2.

3.

4.
S.

Floating materid.
Suspended materia
(mgh).

pH vaue.
Dissolved oxygen

6. Biochemicd Oxygen

7.

8.

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24
25.
26.
27.
28.
29.
30.
31
32.
33.

Demand (5 days, 20°C).

Totd colonid bacillus.

Mercury.

Cadmium

Lead

Nobelium

Copper

Zinc

Nickel

Arsenic

Cyanide compound
Sulphur compound
Fluorinated compound
Unionised ammonia
Kjeldhal nitrogen
Volatised phenol

Y elow phosphorus
Petrolium
Acrylonitrile
Acrylddehyde
BHC

DDT

Malathion
Pentachlorophenol
Rogor
Methamidophos
Parathion methyl
Carbofuran

Fish, shrimp, shdl fish and kdp should not have odd colour,
odd offengve amdll.

No ail film and floating foam should gppear on the water
surface.

The amount added to human beings should not surpass 10,
and the suspending materias sunk to the bottom of the water
should not be harmful to fish, shrimp and shdllfish.

Freshwater 6.5-8.5, seawater 7.4-8.5.
In successve 24h, above 16 h should be higher than 5 mg/l,
and the other time should not be lower than 3 mg/l.
Should not surpass 5 ngyl, frozen period should not surpass
3mg/l.

Should not be greater than 5000/L
(and should not surpass 500 pieces/L)
<0.0005 mg/l

<0.005 mg/l

<0.05 mg/l

<0.1 mg/l

<0.01 mg/l

<0.1 mg/l

<0.05 myg/l

<0.05 mg/l

<0.005 mg/l

<0.2 mg/l

<l myg/l

<0.02 mg/l

<0.05 mg/l

<0.005 mg/l

<0.001 mg/l

<0.05 mg/l

<0.05 myg/l

<0.02 mg/l

<0.002 mg/l

<0.001 mg/1

<.005 mg/l

<0.01 mg.l

<0.1 mg/l

<1l mg/l

<0.0005 mg/l

<0.01 mg/l
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Water quality parameters for shrimp farming

Water parameter Optimum leve
Temperature 26-33C
HAinity 10-25 ppt
Dissolved oxygen >3.0 ppm
pH 7.5-85
Total Ammonia Nitrogen <1.0 ppm
Tota Nitrate Nitrogen <5.0 ppm
Nitrite Nitrogen <0.01 ppm
Sulphide <0.03 ppm
Biologica Oxygen Demand | < 10 ppm
(BOD) <70 ppm
Chemica Oxgen Demand (COD) 25-45cm
Sacchi disc vishility
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