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Foreword
The world's population has moved into an age where it must rely increasingly on farm-raised

products and less on wild populations for food. People are moving away from being hunters and
gatherers and more toward being farmers and culturists. Shrimp farming, the production of marine
shrimp in impoundments or ponds, has developed rapidly in recent years. More than 40 countries
around the world now raise shrimp in ponds. For the tenth year in a row, the world's shrimp farmers
produced a record crop in 1990, a total of 633,000 metric tons of whole shrimp, up 12 percent from
the previous year. One million hectares of ponds yielded an average of more than 630 kilograms per
hectare. Shrimp farmers now produce 25 percent of the shrimp placed on world markets and
fishermen supply 75 percent of a total market of 2.6 million metric tons. Shrimp farmers produced
only 2 percent of the world's needs in 1980. If production continues to expand at the current rate,
farm-raised shrimp will capture 50 percent of the total market by the year 2000.

To a large extent, development is driven by market demand. Shrimp farming, however, is
constrained in many countries and inefficient use of existing resources is widespread in many of the
countries now culturing shrimp.

This book represents a significant step toward defining the basic principles and most important
steps in the pond culture of marine shrimp. Variations of these techniques and principles described
may be used at different locations with different species for both semi-intensive and, to some extent,
intensive culture systems.

There is a great deal of printed matter concerning shrimp mariculture, but there is very little
written material from a commercial standpoint. This manual describes the methods used by a private
company on a commercial scale to raise penaeid shrimp successfully in earthen ponds from the fry
or postlarval stages to market size.

The Texas A&M University Sea Grant College Program welcomes the opportunity to publish this
manual and hopes to extend the distribution of this information to the global aquaculture community.
Hopefully, it will be useful to shrimp farmers and researchers worldwide. Perhaps this manual will
stimulate others to share more from a commercial standpoint in the development of culture systems
that will result in more efficient use of our earth's resources.

Granvil D. Treece

Aquaculture Specialist
Sea Grant College Program
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Chapter 1

Introduction

The shrimp maricu1ture industry in Latin America
has expanded dramatically since it turned commer-
cial in the late 1960s.

This expansion has been characterized by an in-
crease in the total hectares developed and by the
equally important development of improved tech-
nology, which have resulted in more efficient pro-
duction operations.

Several production manuals have been published
exclusively for shrimp. The majority of these manu-
als discuss production topics and procedures in a
very general way but cannot always be applied and
scaled-up to the commercial level necessary for the
industry.

It is not the intent of this manual to present an in-
depth overview of commercialproduction techniques
currently practiced by the industry, nor is it meant to
reflect the most advanced or efficient means for ob-

taining successful results. It is designed to be used as
a specific guide for semi-intensive commercialopera-

tions, and the reader must be aware that there should
be flexibility for procedural changes as dictated by
specific situations. It covers one of several approaches
with step-by-step procedures involved in all aspects
of the shrimp grow-out production facility.

The manual has been used in current production
operations from 1983 to 1991 in South America. The
operational procedures described have directly re-
sulted in annual production averages of 1,820 gross
kilograms per hectare-year of 26-30 and 31-35 count
shrimp �3 gm!. These production figures have been
consistently obtained in more than 600 hectares on
four independent farms, utilizing semi-intensive cul-
ture techniques. Stocking densities of under 12
postlarvae/m and feed conversions of under 2.5:1.0
have been achieved.

This manual, tailored specifically for the field
operator, discusses the steps necessary to grow shrimp
successfully at a commercial facility in a detailed
manner.
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Chapter 2

Pond Disinfection

Proper pond disinfection between culture cycles
reduces the probability of toxic metabolites or patho-
gens from being transmitted to the subsequent shrimp
population to be cultured. A careful adherencc to
disinfection procedures will significantly prolong
the productivity of pond bottoms and oxidize
accumulated organic matter.

Drying
After each harvest, pond bottoms should be al-

lowed to dry and crack, primarily to oxidize the
organic components left from the previous culture
cycle. Mineralization of this organic matter liberates
more nutrients, which become available for enhance-
ment of primary productivity, mainly phytoplank-
ton, during the following culture cycle.

Secondly, adequate drying allows for the oxida-
tion of hydrogen sulfides in any anaerobic sediment.
The presence of hydrogen sulfide not only inhibits
primary productivity but may reach levels during
the next culture cycle sufficient to inhibit productive
shrimp growth. Shrimp will generally select the
deeper areas of a pond and high levels of black
anaerobic mud are often found in such areas. It is

essential that hydrogen sulfide be sufficiently oxi-
dized so that during molting and subsequent bur-
rowing by the shrimp in these deep areas they will
not be exposed to detrimental concentrations of sul-
fide.

Finally, drying eliminates fish eggs, crab larvae
and potential predators that exist in the humid and
wet areas. It has been well documented that a "carp-
like" species of fish, Dorntitator latifron», is able to
burrow and survive for up to one week in humid
areas.

Disinfection
It is virtually impossible to implement complete

drying of pond bottoms during the rainy season.
During the dry season, however, this can be carried
out more efficiently without major difficulties.

Dry season disinfection
After confirming the absence of shrimp in the

pond following harvest, the pond should be com-
pletely drained. This is easily accomplished if efflu-
ent weirs are available. It may be necessary to open
small trenches in the pond bottom to rcmove pools of
stagnated water. In ponds where all of the water
cannot be drained through the effluent weir, portable
pumps may bc necessary. Regardless of the tech-

Plate 1. Boards in place in effluent weir gate sealed with the
"cebo" mixture. Wedgeinserts provide pressure. This set-up
eli>ninate» rooter seepage through board seams and edges.

niques utilized, elimination of water at the earliest
possible time is essential to achieve maximum oxida-
tion with minimum pond "down-time". Although
the pond may not be in productive operation, it is still
incurring costs. The goal is to disinfect harvested
ponds efficiently and adequately in the shortest time
possible.

After all water has been eliminated, the entrance
and effluent weirs should be sealed to prevent seep-
age from the reservoir canal and the effluent canal. A
sealant that has proved to be very effective is called
"cebo." This is a mixture of animal lard and chalk at
approximately 1:10 ratio. This sealant should be pe-
riodically maintained and monitored for leakage,
especially during long dry-outs, since it is attractive
as a food source for ants and rodents  Plate 1!.

Use of sunlight is the most cost effective method
of oxidizing pond bottoms. For most of the pond
bottom surface area, solar oxidation may be adequate
if the bottom is allowed to dry and crack to a depth of
from two to five centimeters  Plates 2 and 3!.

ln the deeper areas, which characteristically border
the pond dikes and the deeper zones of irregular
pond bottoms, solar drying may be insufficient for
the relatively limited drying time allowed. In these
deeper zones, which are generally areas of high or-
ganic deposits with relatively high concentrations of
hydrogen sulfide  anaerobic conditions!, chemical
treatment may be necessary.

There are two types of chemical applications:
1. Quick lime can be used at a dosage of 0.25 kg per

square meter over the affected area. The disad-



Plate 2. Pond bottoms cracked by solar energy.

Plate 3. Cracked pond bottoms effectively oxidized can sus-
tain the weight of a person.

vantage of this treatment is that the activity of
quick lime decreases rapidly in high ambient
humidity conditions. It should not be stored for
more than 15 days before application, creating
logistical problems, since orders and transporta-
tion must be coordinated on a pond-by-pond
basis. In addition, application should be per-
formed with caution; protective clothing and
goggles should be worn to avoid chemical burns.
Caution should also be exercised during trans-
portation of this highly reactive raw material.
However, quick lime is a highly effective and
economical oxidizer. The recommended dosage
is applied to the affected areas in powdered-dust
form and allowed a minumum of two days to
react and become deactivated  Plate 4!.

2. In areas characterized by anaerobic soils   where
a person can sink more than 30 cm into black
muck!  Plate 5!, it may be necesary to use a strong
chemical oxidizer such as chlorine, and hand till
the affected area with shovels and rakes. The

procedure is as follows:
1. A saturated solution of chlorine is mixed in a

500 I container;
2. The solution is then loaded into a backpack

plastic field sprayer;
3. Approximately one liter per square meter of

the solution is sprayed over the surface of the
affected area  spray nozzle set at the "shower"
position!  Plate 6!;

4. Personnel begin breaking up the surface and
moving the bottom soil to the surface  Plate 7!;

5. A second and possibly a third application may
be needed;

6. Final confirmation is based on sight and smell.
The odor of hydrogen sulfide should be re-
duced, if not totally eliminated before the
disinfection procedure can be considered com-
plete  Plate 8!. A minimum of three days is
needed to deactivate the chlorine before re-

filling the pond. A word of caution: Chlorine is
used as an algacide and if it is not adequately
removed, it may be detrimental to primary
productivity during the following culture cycle.
The saturated solution is very caustic so extreme
caution should be exercised. Protective cloth-
ing must be worn and the backpack sprayer
should be checked frequently for leaks. Chem-
ical burns from this caustic solution are seri-

ous.

w==*

Plate 4. Quick lime application in deep zones of pond bottom,
which are contaminated with hydrogen sulfide anerobic mud.

Time frame for dry season disinfection
During the dry season, ponds should be com-

pletely disinfected in minimal time as follows:
1. Elimination of water after harvest  maximum

three days!;
2. Adequate sealing of weir gates  maximum one

day!;
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Plate 5. Surface layers of cracked pond bot toms are sometimes
oxidized z«bile deeper layers re»zain contaminated z«it1z hy-
drogen sulfide.

Plate 7. Manually tilling the surface mud layer in pond
bottoms to ensure the complete oxidation of lower layer
anerobic mud.

3. Sun-drying of pond bottom shallow zones
 maximum eight days!;

4. Chemical treatment with quicklime in less af-
fected deep zones  maximum two days!;

5. Chemical treatment with saturated chlorine so-
lution in highly affected deep zones  maximum
four days!;

6. Deactivating and venting time for chemical ap-
plications  minimum three days!.

Thus, for dry season disinfection, the total time
necessary is a maximum of 19 days. This 19-day
"downtime" could be considerably reduced by tilling
with tractors and cultivation discs. However, the 19-
day period is projected as a maximum, and efforts
should be made not to exceed this period.

If quicklime application cannot be carried out due
to lack of availability or difficult transportation  as in
the case of farms located on islands!, it will be nec-

Plate 6. Application of a saturated chlorine solution to pond
bott«»ts that are highly conta>»inated with hydrogen sulfide.

Plate 8. The visual difference between contaminated anerobic
nr ad  on the left! and oxidized rmid  on the right!. Notice the
black coloration of the anerobic mud.

essary to treat the affected areas with the chlorine
technique.

Rainy season disinfection
All procedures are more difficult in the rainy

season but production strategies, where pond disin-
fection is concerned, remain similar. Rainy season
disinfcctions may require additional farm labor.



The objectives listed in the section onWeir Cate
Configuration in Chapter 3 are equally valid during
the rainy season. The procedures for chemical treat-
ment  Dry seasozz disi>zfectio>z! should also be carried
out; sun-drying may prove difficult.

The following changes should be implemented
during the rainy season:
1. The portable pump will probably be required

continually to remove rainwater;
2. Additional personnel may be required for

chemical treatment in sulfide-contaminated ar-
eas;

3. As soon as pond bottom examinations confirm a
reduction or elimination of hydrogen sulfide odor,
the pond may receive sufficient water to cover
the areas of chemical treatment  a minimum of
10 cm over the majority of the pond bottom!. The
purpose of this pre-rinse is to eliminate any trace
of active chemical residues that may not have
been deactivated due to the reduced amount of
ultraviolet radiation during typical rainy sea-
sons. Caution: when allowing the water to re-
enter the pond for this pre-rinse treatment, the
entrance weir gate screen should have a small 0.5
mm mesh to restrict entry of predators;

4. Once the pond has received approximately 10 cm
of water, minimum depth, or at least the treated
area has been adequately covered, all the water
should be drained through the effluent gates or
by portable pumps;

5. When the water has been removed and the en-
trance and effluent weirs have been adequately
resealed, the pond may be considered ready to
fill for grow-out purposes.

Time frame for rainy season disinfection
It is difficult to project a realistic schedule for

pond disinfection during the rainy season since
chemical treatment cannot begin until there is a
"break" in the rains. Since it is not necessary to wait
for a full dry day, guidelines may be as follows:
1. Elimination of water after the harvest  maximum

four days!;
2. Adequate sealing of weir gates  one day!;
3. Chemical treatment  maximum four days!;
4. Pond pre-rinse  maximum four days!;
5. Adequate resealing of weir gates  one day!.

Thus, for rainy season disinfection, the total time
required is a maximum of 14 days "down time."

Weir Gate Preparation
In conjuction with pond bottom disinfection, both

the entrance and effluent weir gates should be in-
spected, and repaired as necessary.
1. All entrance and effluent gates should be scraped

clean of barnacles, mussels and filamentous al-
gae  Plate 9!.

2. Mud from the gate floors should be eliminated.

Plate 9. Pozzd zoeir gate scraped clean offz'lamen tous algaeanzl
bar>zaeles dzzrirzg ztisirzfectiorz. Note that zoeir boards are
stacked i>z as> orderly fashiozz.

Plate10. Entrance weir gate zoith restriction boards in place
o>z tlze reserzroi r canal sizzle of g»ate. lf rzo board slides are on the
reserz~oi r sizle of g~ate, restriction boards shozzld be nailed iu
place.

3. Indicators for operating water levels should be
repainted if necessary.

4. Confirm that the gate's board and screen se-
quence is correct  refer to figures 1, 2 or 3! for
proper board and screen sequence according to
gate design  Plate 10!.

5. Seal all boards and screens with "cebo," making
sure that all boards have two wood wedge inserts
to maintain board pressure against the gate's
slide channels. If the board and screens are not
firmly in place with the wedge inserts, the "cebo"
sealant may crack and lose its effectiveness.
Figures 1, 2, and 3 apply to grow-out production

ponds and will be discussed in more detail in the next
section.

It is recommended that a complete inspection of
the structure of the gate be performed during gate
preparation. The ideal time to make repairs on
damaged or cracked gates is when the pond is dry.



0.5mm7mm

Figure l. Entrance gate board and screen configuration for gates wi th reservoir side slide channels.

0.5mm7mm

Figure 2. Entrance gate board and screen configuration for gates without reservoir side slide channels.
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Chapter 3

Pond Preparation

Fertilization

The objective of this section is to increase control
of pond conditions prior to stocking to ensure an
optimal pond environment. This should reduce nu-
trition-related stress on stocked shrimp. Since <animals
will forage pond bottoms, good primary and sec-
ondary productivity is needed so that the shrimp
expend less energy acquiring food.

If shrimp are unduely stressed, their internal en-
ergy mechanisms will be temporarily diverted to
"combating" the particular stress factor. Sometimes
the latter can be physiologically controlled by the
animals, in which case growth may be reduced. At
other times, stress may indirectly cause disease-related
disorders that not only reduce growth but also result
in increased mortality.

Pond preparation is critical in any production
grow-out facility. The postlarvae and juveniles being
stocked are transferred from one environment

 hatchery or acclimation station!, where food is readily
available and conditions are well controlled, into a
less controlled environment. The advantage of ad-
equate pond preparation is that it should reduce the
probability of the shrimp finding poor nutritional
conditions.

Weir Gate Configuration
After proper disinfection a pond being filled in

preparation for stocking should be fitted with a 0.5
mm mesh screen at the entrance weir gate to control
the introduction of predators. Although the use of
such a small mesh requires more time to fill, it is
worthwhile. It maybe necessary to station permanent
screen cleaners at entrance weirs in ponds if time is a
major factor.

The board and screen configuration defined in
Chapter 2 is valid for any weir gate  Plate 11!. Weir
gate screen sizes are determined by the size of the
animals  see Wier Screen Configuration in Chapter 11!.

Screen size determination

Ponds being filled, regardless of whether they are
nursery, direct-stocked grow-out or juvenile-stocked
grow-out, should be fitted with 0.5 mm mesh screens
adequately sealed with "cebo." Screens should be
inspected on a more frequent basis to ensure that
adequate amounts of water are entering the pond.
Without this precaution, it could take as long as one
week to fill a 10-hectare pond.

On stocking nursery ponds, or when direct-
stocking production ponds, the 0.5 mm filter screen
has the added advantage of preventing recently
stocked postlarvae from escaping.

For production grow-out ponds stocked with
transferred juveniles, the 0.5 mm filter may be replaced
with a 2.0 mm mesh filter after the pond has been
completely filled and prepared.

Vertical substrate maintenance

All vertical substrates in nursery and production
ponds should be examined and required maintenance
should be carried out while pond bottoms are being
dried  Plate 12!.

The vertical substrate is important for various
reasons. Primarily, it increases the substrate surface
area of the pond. Since shrimp are bottom feeders,
increasing the surface area will provide an increase in
both benthic fauna and the area where shrimp can
forage effectively. The vertical substrate structures
can be constructed of bamboo slats and must be

maintained since occasionally they may become
dislodged from the holding nails. Once a slat has
fallen, totally or partially, it can serve as a protective
cover for potential predators such as crabs and fish.

Placement of vertical substrates in nursery ponds
should be performed with the following dimensions
and layout taken into account:
1. They should begin 20 meters from the entrance

dike and run the length of the nursery pond,
terminating at a distance of 20 m from the efflu-
ent dike;

2. The bamboo slats should be nailed to mangrove
stakes driven into the pond bottom. A few in-
verted nails on the top of the stakes will discour-
age predatory birds from perching;

3. The slats should be placed at a distance of 5 cm
from the pond bottom and staggered up the
water column to 15 cm from the water surface

when the nursery is at its operational level;
4. A minimum of three of these vertical substrate

lengths should be placed equidistant from each
other. The two lengths closest to the lateral dikes
should be placed at no less than ten meters from
the said dike.   Refer to Figure 4 for suggested
placement of the vertical substrates !.

Placement of vertical substrates in grow-out ponds
is less regimented. These may be placed in the deep
areas of the pond, and each grow-out pond should
have at least 200 meters total length of the substrate,
preferably intermittently dispersed in the deep zones
of the pond.

The objective of fertilization is to encourage growth
of phytoplankton, and ultimately, other organisms
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on which the shrimp feed. Equally important is the
reduction in consumption of pelleted feed without
inhibiting shrimp growth.

Although there are thousands of algal species, the
production facility should be primarily involved with
enhancement of the diatom groups.

Before the procedures involved in stimulating
healthy diatom growth are discussed, a brief expla-
nation of algal growth dynamics may be helpful.

The growth of algae can be expressed in terms of
cell division. With adequate nutrients in pond water,
algal populations will exhibit growth as shown in
Figure 5.

A summary explanation of algal population dy-
namics paraphrased as follows   Fox, 1983 !: the first
phase is known as the lag phase. This phase is not
completely understood but could possibly be attrib-
uted to algal cell size increase without cell division.
The second is the exponential phase, during which
the cells divide rapidly. The third phase is charac-
terized by the decline of growth and occurs con-
comitantly with the depletion of a particular nutrient.
The fourth stage is the stationary phase, when the
rate of algal growth is balanced with the limited
nutrients in the water. The final stage is the death of
the culture, usually due to extreme levels of nutrient
depletion. Although the latter rarely occurs in pond
systems, the objective of fertilization is to maintain
the algae at the second stage, that of exponential
growth. A routine fertilization program should de-
crease the possibilities of declining growth due to
nutrient depletion.

Ferti li zati on procedures
The primary necessity during fertilizer application

is to dissolve the fertilizers before or while they are
being dispersed. Certain precautions must be taken.
Granular forms of inorganic fertilizers may chemi-

Figure 4. Vertical substrate placenk<at i n nursery! pond.

Plate 11. Screen and board configuration in effluent weir gate.
Note the restriction boards in place with angle inserts to
1naintain pressure against board slide channel.

Plate 72. Vertical substrates in place and maintained in
nursery ponds.
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Figure 5. Algal-grott~th chjnamics  adapted fro>n Fox, 1983!.

Plate 13. Fertilizer application with an empty feed bag hung
in entrance weir gate. This method is most effective when the
entrance gate is upwind.

Plate 14. Fertilizer application by boat.

cally bind to components at the mud bottom and
reduce the effectiveness of nutrient enrichment of the

water column.
There are two procedures for proper fertilizer

dispersal:
1. Dissolve fertilizers in a tank of water before

applying to the pond. This entails liquid dis-
persal over the entire surface of the pond by
personnel in a canoe or by a metered holding
tank at the entrance gate, which gradually drips
the nutrient solution into the water;

2. Application of a solid fertilizer in an empty feed
bag or a fertilization cage at the entrance gate,
thus allowing the water current to dissolve it
 Plate 13!.

This second alternative should only be imple-
mented when the entrance gate is oriented upwind in
relation to the longitudinal axis of the pond, since the
wind facilitates uniform dispersal. If the entrance
gate is not oriented in the upwind direction, one
alternative to ensure uniform dispersal is the use of
fertilization cages or empty feed bags attached to the
side of a canoe  Plate 14!. The cages or feed bags
should not drag on the pond bottom and the canoes
should carefully and uniformly cover the entire pond
surface area.

Fertilization dosage.
The criteria for dosage application is to ensure a

pond water nutrient concentration of 1.3ppm nitro-
gen and 0.15 ppm phosphorous. Although levels of
these two primary nutrients will undoubtedly vary
from farm to farm, and between two different ponds
on the same farm, experience indicates that an ap-
proximation may be effective for most facilities. As
operations become more efficient it maybe necessary
to optimize the fertilization program by individually
analyzing each pond on the farm to find its particular
nutrient enrichment requirement.

In the event that these guidelines prove ineffective,
adjustments should be made until the correct dosage
has been obtained for each situation. Likewise, because
nutrient requirements will change in relation to cli-
matic conditions and seasons, most fertilization
programs are dynamic and susceptible to change.

Time frame and dosage
Production facilities currently use inorganic fer-

tilizers consisting of urea with 46 percent nitrogen
and triple phosphate with 39 percent phosphorous.
Although ammonia-based urea is absorbed more
readily by the pond bottom, and, thus, is slightly less
efficient to maintain in the water column compared
with nitrate fertilizers, it is more economical. Since
urea may also enhance benthic growth, its periodic
application will maintain an adequate concentration
of nitrogen in both the water column and the benthos.

During most stocking procedures of postlarvae or
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juveniles, the animals will be experiencing post han-
dling stress. Thus, it is important that once the animal
has been stocked in the pond, it does not undergo
additional stress or weakening due to insufficient
food. Proper pond preparation and a conscientious
fertilization program are designed to maximize pri-
mary productivity in pre-stocked ponds.

Although fertilization is time-consuming, a careful
period of time invested in proper preparation and
fertilization should be returned in increased final
survival of animals.

Start-up procedures are as follow:
1. Sufficient water should be added to cover the

majority of the surface area  >60 percent! to a 10
to 30 cm depth.

2. When, or while, the pond is being filled it should
be fertilized with 9 kg   20 pounds! urea and 0.9
kg � pounds! triple phosphate per hectare of
total pond surface area.

3. The pond should then be temporarily sealed and
allowed to stand for approximately two to three
days until the water color becomes a dark brown
with a yellowish-hue.

4. After the two- to three-day time interval, water is
added until the pond reaches 50 percent of its
operational level. While the pond is filling, 14 kg
�0 pounds! urea and 1.4 kg � pounds! triple
phosphate should be applied per hectare, ensur-
ing that it is adequately dispersed over the pond
surface area.

5. After the second application of fertilizer, the
pond should again be allowed to remain for two
to three days with its weirs temporarily sealed. If,
after the third day, the water coloration has not
turned a dark brown with a yellowish hue then
92 kg �00 pounds! per hectare of calcium car-
bonate should be applied. The slight increase in
pH may help stimulate the proper bloom.

6. Once the water has turned a dark brown with a
yellowish hue after the second stagnation pe-
riod, the pond should be filled to its standard
operative water level.

7. On final filling of the pond to its operative level,
the final application of fertilizer should be made
at a dosage of 23 kg �0 lbs! of urea and 2.3 kg �
lbs! of triple phosphate per hectare.

8. Once the pond is at its operative water level, it
should be sealed completely prior to stocking
with postlarvae or juveniles. At this time the
pond is officially on "stand-by," but ideally it
should not be stocked until it has been allowed to
"age" for approximately five days. Only at this
time is the pond at an optimal condition for
stocking. Secchi disk readings at 25 to 35 cm and
a water coloration of yellowish-brown will con-
firm adequate preparations and optimal condi-
tions for best stocking results.

9. If step 8 ha» not been realized after the fifth day,

then the water level should be dropped by 10cm
and refertilized. This should be done with 6.8 kg
�5 lbs! urea and 0.7 kg �.5 lbs! triple phosphate
per hectare.

During the rainy season, while the pond is in the
"stand-by" condition, it is recommended that water
level down boards be set in the effluent gate at the
standard operative levels and that restriction boards
be removed. This will help maintain higher salinity,
the rain water that enters the pond has a specific
gravity lower than saline water and therefore will
remain on the surface, ultimately being drained from
the pond once the water levels exceed operative
levels. Caution: This should only to be performed in
ponds not yet stocked; all other ponds "in-progress"
should drain with the restriction boards in their

proper place.
This fertilization program attempts to maintain

algal concentrations in the exponential phase  Figure
5!. By slowly stimulating the "bloom" and attempt-
ing to match algal densities with nutrient availability,
the pond should remain in high productivity in re-
lation to its algal population. If proper algal species
and concentrations are maintained, a healthy and
productive benthic community consisting of
polycheates, nematodes, rotifers and copepods should
result.

"Dozon-time"

Although pond "down time" is an economical
disadvantage in commercial operations, it is a ne-
cessity that technical managers must accept. It is
estimated that each day a pond is not in production,
it fails to earn approximately U.S. $65.00 per hectare.
If the time frames for proper disinfectation  ap-
proximately 16 days!, and for fertilization prior to
stocking �4 days! result in a total of 30 days "down-
time," the economical implications justify an efficient
and effective team to concentrate on this phase,
without compromising the technical requirements.
Once a pond has been completely harvested, an
aggressive attitude toward pond preparation is
needed to minimize "down-time."

"On-line" fertilization routine
Conventional laboratory measurements of phy-

toplankton productivity, or biomass, still are not
available to all farms. Farms adequately endowed
with laboratory equipment can measure chlorophyll
a directly and indirectly calculate algal cell densities.
Currently, use of the secchi disk provides an estimate
of water transparency  turbidity! generally related to
plankton abundance. An experienced observer can
readily distinguish between turbidity due to plank-
ton and that due to other factors. It should be re-
membered that plankton blooms do not always cause
water to appear green or golden brown for such
blooms may also impart yellow, red, brown or black



Plate15. Pond platform station used to monitor daily param-
eters of secchi disk readings, near effluent weir gate. Th»
platform should extend far enough out in the pond to have a
minimum of 60 cm water depth.

coloration to water  Boyd, 1979!. It is important to use
the secchi disk carefully. Boyd emphasizes that dif-
ferent observers using the same technique may obtain
different readings; however, analyses made by the
same person may reduce variations and be more apt
for comparison between ponds. Measurements taken
at various times of day by the same observer may
differ appreciably because of differences in light re-
flection and turbulence at the water surface. For these

reasons, it is important that one person be designated
for this daily operation, taking the secchi disk mea-
surement on platforms that extend out into the pond
near the effluent gate  Plate 15!. Measurements should
be taken daily at the same hour. For details refer to the
section on Hydrological Parameters in Chapter 11.

Before discussing procedures of routine fertiliza-
tion, comments on the economics of fertilization are
worthwhile. Since the objective is to increase pro-
duction and control costs, fertilization should be
performed carefully. A single nutrient limiting in the
pond water may limit or inhibit phytoplankton en-
hancement, thus increases in phytoplankton with
each equal successive addition of the limiting nutri-
ent are progressively smaller  Boyd, 1979!. The eco-
nomic implication of the relationship between the
rate of fertilizer application and yield is straight-
forward. Fertilizer cost per unit weight increases
with each successive unit of fertilizer applied. Because
of diminishing returns, a point is reached where cost
of an additional unit of fertilizer is greater than the
value of the increase in shrimp growth that it produces.

In order to establish an economically feasible
active fertilization program, more knowledge, such
as soil and water nutrient levels, is necessary on an
individual pond level. Since such data are not available
for all ponds, a "rule of thumb" fertilization schedule
may be adapted for all conditions with the eventual

development of a more effective and economical
application.

The "rule of thumb" schedule is governed by
secchi disk measurements. When secchi disk readings
are above 30 cm, the routine fertilization dosage of 1.8
kg   4 lbs ! urea and 0.2 kg   0.4 lbs ! triple super-
phosphate per hectare of surface area every three days
should suffice.

If secchi disk readings fall between 25cm to 30 cm,
the routine fertilization program for that particular
pond is tentatively suspended until transparencies
increase to above 30cm. If transparencies decrease
below 25 cm, fertilization should be tentatively sus-
pended along with the daily feed ration, and water
exchange rates should be increased 25 percent to
flush out a portion of the algal bloom. This procedure
should be maintained until transparencies have in-
creased to 30 cm or above.

In order to maximize the time duration that the

fertilizer stays within the system during the routine
fertilization program  every three days!, it may be
necessary to reduce pond water levels 10 cm to 15 cm
the day before the programmed fertilization. In this
way, as the pond regains its operative water level,
nutrients from the fertilizer are not immediately
flushed out.

Based on the dosage and the schedule of this
fertilization regime, it is calculated that fertilization
accounts for roughly 0.5 to 2.0 percent of total pro-
duction cost per pound of harvested shrimp.
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Chapter 4

Pre-Stocking Pond Confirmation

Predator Evaluation

Vertical Substrate Assessment

Benthic Fauna Assessment

When the procedures outlined in the chapters on
Pond Disinfection and Pond Preparation are completed,
the pond should be ready for stocking. This section
discusses evaluation and confirmation of pond
preparation.

Since growout cycles of four to six months are
common for 26-30 classification  tail-count! shrimp,
it is extremely difficult to recall preparatory proce-
dures and schedules for any particular pond. Thus, it
becomes necessary to maintain a pond preparation
sheet commencing on the last day of the harvest of the
previous cycle. This sheet should be kept up to date.
When the pond has been completely stocked, a copy
should remain on file at the farm site. An example of
this Pond Preparation Sheet is shown in Figure 6.

Between two days and one week prior to the first
stocking or the first delivery of postlarvae, an assess-
ment of predators should be made.

A total of five net casts are necessary: three at one
of the entrance gates and two at the effluent gate, The
number of fish, crabs, and shrimp are counted and
divided by actual surface area of the extended cast
net. This technique determines the presence of
predators prior to stocking and serves as a guideline
in proper pond preparation. The figure for predators
per square meter should be recorded on the prepa-
ration sheets.

Nursery ponds and grow-out ponds that contain
vertical substrates should also be evaluated at this
time. In recording this data, as well as benthic growth,
it is suggested that a scale of one to three be used: �!
represents poor, lowest, least; in reference to the
amount of benthic blue green algae present on the
vertical substrate; �! represents fair, mid-range, av-
erage; �! represents excellent or highest algal growth.
Since these values are subjective it is recommended
that only one person be delegated this task so as to
reduce variability.

The same procedure should be used for evalua-
tion of benthic growth on pond bottoms. A total of
two samples should be randomly selected somewhere
at the mid-point range in the pond. These should be
taken so that the surface of the sample of the pond
bottom remains undisturbed. Each sample should be

approximately 100 cm2. One should be taken in the
deep zone along one of the lateral dikes of the pond,
the other should be taken in the center. These samples
should be examined under the dissecting microscope
and rated in the same manner described for assessing
the vertical substrate. Again, it is stressed that one
person be delegated to this task to reduce subjectiv-
ity. The benthic fauna assessment gives a relative
evaluation of the benthic blue green algal mat and
evaluation of benthic calanoid copepods, nematodes,
polycheates, and other benthic organisms in pond
bottoms.

Preliminary Feeding
One day before initial delivery of postlarvae to a

pond, an application of 20 kg of feed per hectare of
surface area should be made. This is done to stimu-
late benthic fauna and to have food available for
foraging postlarvae. The date and the number ofbags
applied in this initial feeding should be recorded on
the Pond Preparation Sheet.

Pre-stocking Salinity Control
I'rior to stocking, but after the pond has been

prepared adequately and the ecological factors
evaluated, the pond is considered "ready." During
the rainy season this "ready" mode can be potentially
dangerous since the pond can experience a salinity
drop prior to stocking. In order to minimize a re-
duction in salinity, refer to the last few paragraphs in
the discussion on Time Frame and Dosage in Chapter 3.
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Figure 6: Pond Preparation Sheet

through

DATE  last day of harvest!

Percent of surface area remaining with water

Average water depth of above area cm

DATE In-flow and Effluent gates sealed

DATE Remaining water evacuated

or by drainageby pump

No. of days allowed to solar dry days

Depth of cracks in bottom mud

Percent of surface area with hydrogen sulfide smell

cm

Quantity of chemical treatment applied kgs

DATE Chemical treatment applied

IDENTIFICATION of chemical applied

DATE POND BEGINS TO REFILL

DATE INITIAL FERTILIZATION

Quantity of INITIAL AI'PLICATION: UREA

PHOSPHATE kg

/m
2No. Predators per m2

fish crab shrimp

Vertical Substrate: 1

Benthic Fauna:

Initial feed application bags DATE

FARM

POND

DATE OF 1ST STOCKING

TRANSPARENCY

DATES

HECTARES



Villalon ... 15

Chapter 5

Postlarval Transportation

To ensure that the farm has a participating role in
all aspects of postlarvae manipulation prior to
stocking, it is necessary to send a farm representative
to the hatchery the day prior to farm delivery. This
may not be possible in the case of purchases of wild
caught postlarvae since the farm has little control
over where and how postlarvae are captured and
transported, but it is important for postlarvae pur-
chased from hatcheries.

The objective of this participation, by the farm at
the hatchery and during the transportation, is to
guarantee minimal stress on the postlarvae.

The primary responsibility of the farm represen-
tative is threefold:
1. To participate in the postlarvae counts, which

will result in the final calculations to determine
the number amount of postlarvae harvested
 sold!.

2. To maintain control over dissolved oxygen D.O.!
concentration and temperature in the water dur-
ing transportation, and

3. To ensure rapid transportation without unneces-
sary delays while maintaining constant commu-
nication with farm personnel by radio. The latter
allows the farm to adjust water parameters in
preparation for postlarval arrival.

Hatchery Visit
The farm representative should arrive at the

hatchery site a day before the harvest. Prior to arrival
at the hatchery, farm personnel should have ice on
hand in polyethylene bags in order to be able to
manipulate water temperature during transportation.

On arrival at the hatchery, the farm representative
and hatchery personnel should perform a "stress
test" on postlarvae to be harvested. Stress tests should
be conducted on hatchery-reared postlarvae in an
attempt to establish a bench-mark evaluation of
quality. Although sufficient evidence has not yet
been collected to significantly correlate high stress
test results with high postlarvae survival in nursery
ponds, the hypothesis appears to have practical and
logical validity.

Stress tests should be conducted in triplicate and
are performed as follows:
1. Three groups of 100 postlarvae each should be

collected from the larval rearing tank to be har-
vested. Generally, larval rearing tank water will
be 29'C and 33 ppt salinity.

2. 100 postlarvae are deposited into each of three
recepticles containing approximately 15 liters of

water. Water in receptacles should be at 20 C and
5 ppt salinity.

3. Postlarvae should be allowed to remain in 15
liters of water for one hour without changes in
the hydrological parameters.

4. After one hour, all live postlarvae in each recep-
tacle should be counted and the average survival
percentage for all three should be calculated.

5. Survival percentage values below 60 percent are
generally not acceptable and harvesting of such
populations should be delayed for 24 hours until
the stress test can be repeated with acceptable
results.

Stress test results should be recorded by the farm
representative on the acclimation sheets for future
reference.

Water temperature of postlarval culture tanks is
normally 29'C. During harvest, hatchery personnel
should decrease water temperature to 22'C in two
independent stages. It is considered that less
postlarvae stress is caused by decreases in water
temperatures than by increases. It is important that
the farm representative record personal observations
of anormalities in harvesting procedures such as:
~ excessive handling of postlarvae,
~ prolonged exposure to direct sunlight,
~ excessive holding of postlarvae in a high density

environment
~ radical fluctuation in water temperature,
~ presence of a strong smell of antibiotics or other

medications, etc.
All observations should be recorded directly on

the acclimation sheets; if more space is necessary,
information should be attached to the acclimation
sheets.

It is the farm representative's responsibilty to
accumulate as much information on the condition of
the postlarvae as possible so that this information can
be referred to in the future for analyses of acclimation
and nursery survival results.

Post larval counts

There are a multitude of postlarval counting tech-
niques and a high degree of controversy exists on
which procedure is the most accurate. Although the
farm cannot directly influence hatchery technical
policy, there are some established mutually accepted
counting standards that are readily accepted.

The counting procedure most widely used is the
reduction method as follows:
1. Once the postlarvae start accumulating in appre-

ciable numbers in the hatchery's harvest basin, a
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mass of postlarvae, roughly the size of a grape-
fruit, is extracted and placed in a bucket containig
14 liters of clean water.

2. The postlarvae are then homogenously mixed
using a plunger, and two 100 ml samples are
extracted and placed in a master bucket containig
clean water.

3. The remaining postlarvae and 14 liters of water
from the initial bucket are deposited in a double
polyethylene bag for shipment by plane or in the
transportation tanks for shipment by truck.

4. Steps 1 through 3 are performed continuously
until the harvest is completed.

5. The master bucket contains the postlarvae
samples collected during the harvest and the
water volume is then adjusted to 14 liters.

6. The contents of the master bucket are

homogenously mixed using a plunger and two
100 ml samples are taken for each person des-
tined to count.

7. Six counts should be performed, after which the
highest and lowest counts are eliminated. The
remaining four counts are then averaged and this
average is multiplied by a factor of 4900 to find
the estimated number of postlarvae harvested
 sold!.

Note: The multiplicative factor of 4,900 is derived
from the following calculation.

14,000 ml bucket 14,000 ml master bucket 4,900

The farm representative should participate in at
least one, or better, two of the six original counts. It
should be recorded on the acclimation sheets if the
farm representative's count was used in the calcula-
tions to determine the number harvested.

Temperature control and transportation
Once the counting procedures have concluded

and postlarvae have been packed for transportation,
water temperature should be monitored and recorded.

In the case of transportation by land, D.O. concen-
tration and water temperatures should be monitored
every hour. D.O. concentration should be maintained
between 8 to 12 ppm and water temperature at 22'C.

Truck transportation should be programmed late
in the afternoon, so that the ambient air temperatures
will be cooler. If water temperature begins to rise,
bagged ice should be introduced into the transpor-
tation tanks.

It is essential that all unnecessary delays be elimi-
nated to ensure the shortest transportation time pos-
sible.

Air transportationshouldbeprogrammed during
the early morning hours. In this case, postlarvae are
packed in oxygenated bags. The measurement of
D.O. concentrations is generally not necessary unless

the trip duration is more than 20 hours. Air transpor-
tation time is usually less than two hours, in which
case only water temperatures should be monitored
every 30 minutes.

This may be performed by sliding the glass ther-
mometer between the plastic polyethylene bag and
the carton. The water temperature can thus be indi-
rectly monitored without opening the bag. If water
temperature increases, a handfull of crushed ice can
be placed in the carton next to the polyethylene bag.

It is important that the farm representative ensure
that flight altitude be limited to a maximum of 1,800
meters, so that the oxygenated bags do not rupture as
a result of expansion. The airplane should also have
window curtains installed to decrease the heat build-
up due to sunlight within the cabin.
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Chapter 6

Acclimation Station Preparation

The acclimation station is the center of operations
during stocking procedures. It is therefore important
that it be adequately prepared for postlarvae recep-
tion.

Disinfection of the overall area should take place
two days prior to receiving postlarvae to eliminate
possible contaminants that may have accumulated.

Disinfection and Flushing
The acclimation station should be disinfected as

follows:

1. All acclimation tanks should be moved into the

open and exposed to direct sunlight.
2. Tanks should be thoroughly scrubbed with a

brush and a saturated solution of hypochloride
and allowed to remain moist with the chloride

solution for one hour.

3. Thoroughly rinse acclimation tanks at least three
times while scrubbing the tank's surface.

4. Leave tanks to air dry while exposed to the sun
for five hours before returning them to the sta-
tion.

5. Complete steps 2 and 3 on the outside reservoir
tanks, and allow chlorinated water to drain
through the five centimeter water pipes.

6. The end cap of the drain pipes should be re-
moved to eliminate any slush build-up.

7. Rinse the drain pipes thoroughly. The reservoir
tanks should be filled with 1,000 liters of water
and allowed to drain with the end caps in place in
order to force the rinse water through the 1 cm
nozzle valves.

8. Once this is completed, reservoir tanks should be
sun-dried.

9. All other accessories, including nets, siphon tub-
ing, and harvest buckets should also be disin-
fected with the chlorine solution. Thoroughly
rinse each item and allow to air dry.

Note: Since chlorine is toxic to postlarvae, a
consciencious effort should be made to remove all
traces of this element.

Reservoir Tank Filling
One day prior to receiving postlarvae, reservoir

tanks should be filled with water from the pond to be
stocked. Portable plastic 1,200 liter tanks should be
filled with a 5 cm pump, ensuring that the suction
valve of the pump is firmly attached within a fine �.5
mm! mesh bag so as to filter out living organisms
 Plate 16!.

The suction valve should be maintained 30 cm

Plate 16. Filling pond water transport tanks to fill acclima-
tion station reservoir tanks, Be sure that the mouth of the
suction hose is securely enclosed in a filter box to exclude
possi E~le predators.

beneath the water surface of the pond to avoid intro-
ducing muddy water from the bottom. Water should
be drav n from the effluent dike of the pond approxi-
mately 40 m from the effluent weir. This is to ensure
that aged pond water is used for the acclimation.
1. Once the acclimation reservoir tanks have been

filled with filtered water from the pond to be
stocked, 2 ppm of EDTA should be added to each
reservoir in the following mannner:
a. Two grams of EDTA in granular form for

every 1,000 liters of reservoir water   2mg /
liter !, should be weighed separately for each
individual reservoir.

b. If 2,000 liter reservoirs are used, 4 grams per
tank should be weighed.

c. The weighed EDTA is then diluted in one liter
of reservoir water.

d. The one liter solution of EDTA is introduced

separately into each reservoir and thoroughly
mixed.

Note: When reservoirs need refilling during accli-
mation, the same dosage should be repeated. Per-
sonnel involved with preparation of the acclimation
station should not use insect repellent or body lotion.
Insect repellent may be lethal to shrimp larvae.

Acclimation Tank Filling Preparation
The acclimation tanks destined to receive

postlarvae should be filled with clean water of the
same salinity and temperature as that in which the
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Plate 17. Empty and prepared acclimation tank. Note: 1!
water inflow at the tank's bottom; 2! aeration belt at the tank-
top perimeter; 3! central standpi pe with aeration belt aronrnl
small mesh screen; and 4! two air lift pnmps parallel to tire
central standpipe.

postlarvae are shipped. All control measures should
be taken to ensure that stocking of the acclimation
tanks is performed quickly and with a minimum of
handling and stress. Necessary preparations must be
made well in advance of receiving postlarvae.

Sufficient tanks should be prepared to maintain
postlarvae densities in the acclimation tanks at no
more than 500 per liter. This pre-determined density
is also valid for initial stocking and therefore dictates
that acclimation tanks be completely filled with wa-
ter from the outset  Plate 17!.

Dry season acclimation preparation
During the dry season, or when the salinity differ-

ence between hatchery water and farm water is less
than 10 ppt, pond water salinity in the acclimation
tanks may be adjusted with industrial grade rock salt
from solar salt plants. If the salinity difference between
the postlarval source and the farm pond water is
greater than 10 ppt, refer to the next section.

In dry season acclimation, there is generally less
difference in salinity between hatchery and ponds.
As a result, acclimation tanks can be filled with water
from the pond to be stocked. Care should be taken to
ensure that the suction hose, which delivers water
from the designated ponds to the acclimation tanks,
be maintained 30 cm below the pond's water surface
and enclosed in a small mesh box net. This ensures
that the water used for acclimation purposes is rela-
tively free from mud and other particulate matter as
well as water insects and predators. If pond salinity
is higher than 33 ppt, salinity must be adjusted "down"
using untreated fresh water in the acclimation tanks
along with the high salinity water of the pond. The
final salinity in the acclimation tanks is thus equalized
to the salinity in which postlarvae arrive, usually 33
ppt

Once the required number of tanks have been
filled with pond water, salinity may be adjusted in
the following manner if the pond salinity is lower
than that of the postlarvae delivery container water.
1. Use industrial grade rock salt in pulverized form

from solar salt plants. This must be 100 percent
pure and free of processing chemicals.

2. Prepare a saturated solution of salt water by
mixing the industrial salt with pond water in a
separate tank.

3. After the excess particulate salt has been allowed
to settle to the bottom of the tank �0 minutes!,
pass the saturated saline solution to the waiting
acclimation tanks by small, one liter increments,
with thorough mixing.

4. Caution should be taken not to end up with
higher salinity than that in which postlarvae are
expected to arrive.

5. After thorough mixing, allow three minutes be-
fore measuring the salinity with the refractometer
since there is generally a delay in salinity equilib-
rium.

6. Once the desired salinity has been reached,
recheck several times over a one-hour period to
confirm that the final equilibrium has not shifted.

7. Four hours after the acclimation tanks have been
mixed and salinity adjusted, most of the debris
and particulate matter should have settled. With
a small siphon hose   1 cm diameter ! quickly
siphon the bottom of each prepared tank to re-
move any particulate accumulation.

8. Once receiving acclimation tanks have been
cleared, 2 ppm of EDTA should be added to each
tank in the following manner:
a. Two grams of EDTA in granular form for every

1000 liters of tank water � mg/liter!, should be
weighed separately for each individual tank
used in acclimation.

b. The weighed EDTA is then diluted in one liter
of tank water.

c. The one liter solution of EDTA is introduced
into each tank separately and thoroughly
mixed.

NOTE: These procedures should be repeated for
each tank.

9. These procedures should be performed on the
day prior to receiving postlarvae, or at the latest,
the night before.

EDTA  ethylenediaminetetraacetic acid! is a wa-
ter-soluble chemical additive used primarily as a
heavy metal chelator to improve water quality and
reduce contamination. By reducing contamination
and chemically binding heavy metals, it reduces post-
larvae stress, mucus and external debris build-up.

Rainy season acclimation preparation.
Salinity differences between hatchery and ponds

is greater during the rainy season. When this differ-
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ence exceeds 10 ppt, the use of industrial salt should
be discontinued. Although it presents logistical
problems for the farms, it may be necessary to acquire
higher salinity water from the open ocean with tanks
set up on boats. With terrestrial transportation,
postlarvae will arrive in water of a specific salinity. In
the former situation, boats should bring water from
the ocean at the same salinity in which the postlarvae
are expected to arrive. This water should be used to
fill acclimation tanks completely one day prior to
receiving postlarvae.

If postlarvae arrive by truck, there is no need to fill
acclimation tanks with water. Tanks should be clean

and dry when postlarvae arrive. This applies to both
hatchery and wild postlarvae since they are trans-
ported in relatively large volumes of water.

Oxygenation and Aeration Check
Once the reservoir tanks and acclimation tanks

have been prepared, a systems check should be con-
ducted. Bottles of pure oxygen with properly func-
tioning regulator valves should be on hand. Aeration
stones as well as tygon tubing should be clean and in
good condition.

Since postlarvae generally arrive in water con-
taining 15 ppm of dissolved oxygen  D.O.!, acclima-
tion tanks should also have this oxygen concentration.
This requires that pure oxygen be actively bubbled
through the acclimation tanks for at least 15 minutes
prior to initial stocking. It is highly unlikely that the
acclimation tanks will reach a D.O. concentration of

15 ppm, but attempts should be made to reach a
minimum of 10 ppm for initial stocking.

The compressed air aeration system should be
checked and any necessary repairs or modifications
made. Compressed air should be used during the
acclimation while pure oxygen is used only to increase
the oxygen concentration of the water prior to stocking
and for the first two hours of acclimation. During
acclimation, it should not be used unless oxygen
concentration in the tanks falls below 4.5 ppm.

Preparation for Water Parameters
One of the objectives of this manual is the reduc-

tion of physiological stress to the postlarvae caused
by excessive handling or other adverse conditions.

The remaining aspect that the farms can actively
control in the acclimation station prior to stocking is
the water temperature of the receiving tanks.

On the morning of postlarvae delivery, sufficient
ice should be on hand in polyethylene bags to lower
the water temperature quickly in the acclimation
tanks if necessary. This serves to reduce the amount
of time in which the postlarvae are maintained in
their transport bags. It is suggested that at least 15 kg
of ice in protective bags be used per acclimation tank
to minimize the time needed for final temperature

Plate 18. Air lift pumps functioning in filled acclimation
tanks. Note: toater circulation pattern is circular with ptimps
directed toward the tank wall.

adjustment. The bags should be sealed with rubber
bands so that ice and melted water do not contami-

nate acclimation water. Ice is frequently treated with
chemicals and may have toxic levels of chlorine.

On the other hand, when the water containing
postlarvae arrives at a warmer temperature than that
of the tanks it will be necessary to introduce hot water
into them to equalize water temperatures before
stocking.

To equalize water temperature in a minimum of
time, water from the acclimation tanks should be
heated in an aluminum or stainless steel container

prior to arrival ofpostlarvae. Approximately 20 liters
for every 1000 liters of acclimation water should be
adequate if the water is at 100'C.

NOTE: All physical parameter measurements
should be monitored with the same instruments since

calibration differences affect thermometer readings.
To reduce the possibility of error, comparative
measurements should be standardized to one re-
fractometer and one thermometer.

Activated Carbon

Although the acclimation station is a flow-through
system, it is beneficial to use activated carbon in each
of the tanks. Since acclimation procedures  next
chapter! entail an aggressive feeding regime, the
activated carbon should absorb and deactivate the

majority of the toxic metabolites that may accumu-
late in the tanks.

The two air lifts, located parallel to the central
effluent standpipe in the conical acclimation tanks,
should be packed with activated carbon granules. In
order to maximize the surface area and to economize

on the activated carbon, the air lift pumps should
contain a mixture of 60 percent carbon and 40 percent
homogenous gravel. The air stone should be located
within the carbon/gravel mixture approximately 7
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centimeters from the bottom of the air lift tube. This
will allow water to be forced upward through the
activated carbon and discharged, filtered and oxy-
genated on the surface. The effluent nozzle on the air
lift is directed towards the tank wall, which will help
maintain a circular water circulation pattern  Plate
18!.

The bottom end of the 2-cm air lift is sealed with
a 0.5 mm mesh to exclude postlarv ae but allow uneaten
food particles to pass through the system. Each tank
should have two air lifts attached to the central stand
pipe. The activated carbon packing in the air lifts
should be replaced with fresh carbon after 40 hours of
use. During the rainy season, this requires replenish-
ment every two acclimations, while in the dry season,
use may be prolonged due to decrease in overall
acclimation time. The gravel portion of the packing
may be re-used.

Acclimation Feed Preparation
Before the arrival of postlarvae, the quantity of

feed ready for acclimation should be checked. Since
the feeding regime during acclimation will be dis-
cussed in detail in a later section it will not be
elaborated on here. Only note that there should be a
minimum of three cooked egg yolks and 40 grams of
a commercial flake diet for every acclimation tank.
Fresh frozen Artemia should be supplied in separate
bags along with the postlarvae.

Instrument Preparation
Prior to the arrival of postlarvae, all instruments

should be checked and calibrated so as to be "on
stand-by" for operation at the acclimation station.
The oxygen meters should have the probe electrolyte
liquid clear and free of air bubbles. The membrane
over the probe should be taut and clear. The pH meter
should already be calibrated at buffer 7 and the slope
at buffer 4.

The refractometer should be previously calibrated
with distilled water.

The glass thermometer should have been cali-
brated in boiling water �00'C! and the respective
correction factor labeled no more than three days
prior to arrival of postlarvae.
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Chapter 7

Postlarvae Receiving

The preparations and precautions described in
the previous section should result in the efficient and
careful handling of postlarvae upon arrival. The pe-
riod of time in which postlarvae are in the acclimation
station provides an ideal opportunity to assess their
condition and behavior, while feeding generously to
optimize their survival in the pond.

Correct preparation of the acclimation station is
of upmost importance in order to ensure the quick
transfer of postlarvae from the relatively high stress
of transportation to the more manageable conditions
of acclimation tanks. This movement of postlarvae
should be accomplished with minimal changes of the
environmental conditions, except pH. Parameters of
water temperature, D.O. and salinity should be well
adjusted in advance.

To take advantage of cooler temperatures, arrival
of postlarvae at the farm site should generally be
scheduled for the early morning   Plates 19 and 20 !.
Immediately upon arrival, all postlarval transport
polyethylene bags within cartons, should be off-
loaded and placed under roof at the acclimation
station. While personnel are off-loading the truck, the
technical staff should do the following things:
1. Select four bags from different locations on the

truck bed and place on floor near the acclimation
tanks.

2. Open one bag at a time and immediately place
the oxygen meter probe and pH meter probe into
the water of the bag  Plate 21!.

3. Once D.O. and pH have been recorded on accli-
mation sheets  Figure 7!, immediately introduce
an air stone into the bag and regulate the flow of
pure oxygen so that it gently moves the swim-
ming postlarvae. Do not cause water in the bag to
"boil" with oxygen  Plate 22!.

4. Immediately upon completing steps two and
three with the first of the four selected bags,
perform the same steps for the remaining three
bags.

5. When the four bags have been measured and
recorded for D.O. and pH, and are being aerated,
record salinity and water temperature of each
bag  Plate 23!.

6. Quickly calculate the average D.O. concentra-
tion, water temperature, and salinity of the four
selected bags.

7. Adjust all the acclimation tanks to the same pa-
rameters specified by the average value obtained

Parameter Confirmation

Plate 19. Arrival of postlarvae in the early morning hours at
thefarnu Notethat personnelareonstandby forquickloading
on truck.

Plate 20. Plane unloading is performed rapidly to limit the
thne the postlarvae are exposed to direct sunlight.
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Plate 21. Four sampled bags containing postlarvae are sepa-
rated a»d dissolved oxygen car zcentration a>zd pH are rnoni-
tored and recorded. This is perfornzed before oxygenathzg
water.

from the four bags. Water temperature is ad-
justed by introducing the required volume of
heated water or bagged ice; D.O. adjustment
should be performed by aggressively passing
pure oxygen through the station's aeration sys-
tem. The oxygen concentration in the tanks should
be comparable to that in the transport bags upon
arrival or no lower than 10 ppm, whichever is
achieved in the least amount of time.

8. When equilibrium between bags and acclima-
tion tanks has been reached, stocking should
commence.
NOTE: These procedures should not take more
than 20 minutes, and during this time, the re-
mainder of the transport bags should be kept in
the shade.

9. It should not be necessary to record parameters
for all bags. However, if appreciable mortality,
excess debris or adult Artemia are observed,
those bags should be examined and evaluated
thoroughly.

Stocking Density
Generally each transport bag contains between

40,000 to 70,000 postlarvae and acclimation tanks
have a volume of approximately 1,000 liters. The
maximum allowable stocking density for each tank is

Plate 22. Oxygenating bagged water with postlarvae after
recording dissolved oxztgen concentration arzd pH, but before
monitori rzg water temperature and salinity.

Plate 23. Monitoring and recording water temperature and
salinityin transport zvater containing postlarvae. The aver-
age therz calculated and acclimation tank zoater z's adl'usted
zvith the same zvater parameters of the transport bags.

500 postlarvae per liter, or 500,000 postlarvae per
acclimation tank.

If at all possible, it is better to operate at lower
densities during the rainy season when acclimation
takes more time. Delivery of 1,100,000 postlarvae in
20 bags is common. For this situation, the acclimation
station should be set up for a stocking density of 370
postlarvae per liter. For this example, it is assumed
that each bag contains an equal number of postlarvae.
Therefore of the three acclimation tanks to be used,
two will be stocked with seven bags each, and the
third with six bags.

Stocking procedures are as follows:
1. Since postlarvae are double bagged with poly-

ethylene bags, remove the outer bag.
2. Reduce the quantity of pure oxygen bubbling

through the acclimation tank aeration system to
a gentle roll.
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Figure 7. Acclimation Control Report
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Initial Volumetric Counts  optional!
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I'ercent mortality in acclimation
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Microscopic Evaluation of Postlarvae  Examine 20 PL each time!
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3. Remove the rubber bands that tie the shipment
bag and place the bag in a upright position in the
tank to be stocked.

4. Grasp the bottom corners of the bag and slowly
extract it from the tank while postlarvae slowly
swim out onto the surface water of the tank.
NOTE: At this time, the technical staff should
make a general visual evaluation of the condition
of the postlarvae  discussed in Routine acclima-
tion assessment of postlarvae!.

5. Before stocking of the last bag in the tank, a
random sample of approximately 20 postlarvae
should be taken and a farm biologist should
make an, in depth, assessment of larval condi-
tions as described in Microscopic assessment of
larvae. This assessment should be made no later
than five minutes after sample is taken.

6. Once the last bag has been stocked, and the time
recorded on the appropriate data sheet, acclima-
tion should begin.

NOTE: While the bags are being emptied into tanks,
evaluation of postlarval condition should be con-
cerned primarly with the observation of erratic
swimming behavior and presence of mortality
 opaque white postlarvae!. If the number of dead
postlarvae is appreciable  	0 percent!, then a
volumetric count of the postlarvae in the tanks
should be conducted to calculate transport mor-
tality.

Volumetric Counts

It is generally not necessary for the farm to perform
counting exercises since a farm representative is
present at the hatchery site and participates in the
counts. In order to reduce handling and manipulation
stress on postlarvae, farm site counts are generally
avoided. The exception is if there appears to be ex-
cessive mortality during transportation  >10 percent!;
during stocking or during the acclimation period. In
the first case, volumetric counts are performed at the
beginning of acclimation  within one hour of stock-
ing tanks! and again at the completion of acclimation.
In the second case  if there is no transportation
mortality but appreciable mortality occurs during
the acclimation procedure!, then a volumetric count
should be performed at the completion of acclimation.
These final volumetric counts are generally performed
one hour before completion of acclimation to save
time and commence harvesting procedures imme-
diately when acclimation is completed.

Additionally, counts should be made at the farm
if a shipment of postlarvae is to be divided between
two or more ponds.

Procedures for volumetric counts are as follows:

1. Two people are necessary for counting; each
should have a 1-liter plastic "wide mouth" con-
tainer.

2. The two people should position themselves on

Plate 24. Counting live and dead postlarvae on a counting
framein theacclimation station. Note:tohileone person counts,
his assistant records.

opposite sides of the acclimation tanks facing
each other and begin mixing tank water.

3. With arms extended downwards, they aggres-
sively mix water with an "upwelling" motion,
making sure their hands reach the bottom of the
tank. With square tanks, the corners should be
included in the mixing.

4. When the water is well agitated each person
should sample one liter of water with his respec-
tive container.

5. This random sample is then slowly poured
through a framed screen of fine mesh and each
postlarvae is individually counted  Plate 24!.

6. Counts should distinguish between live and dead
postlarvae, so the mortality percentage can be
calculated.

7. The average count in 1 liter is then multiplied by
the total number of liters to find the total number

of postlarvae in each tank.
8. These steps are then repeated for each acclima-

tion tank and numbers recorded on the acclima-

tion sheets.
Results of volumetric counts can be used to deter-

mine the final number of live postlarvae stocked   in
the case of appreciable mortality !, and can be used to
divert selected tanks to specific ponds.

Feed Schedule

An aggressive feeding regime is necessary to
reduce stress and maintain good ambient conditions
for the postlarvae during acclimation.

The combined flow-through design, the presence
of activated carbon, and 2 ppm of EDTA tend to
reduce levels of metabolites in the acclimation sys-
tem. A feeding regime can be safely incorporated into
the acclimation operation. The strategic goal of feeding
is to ensure that postlarvae have sufficient metabo-
lizable energy to combat physiological aspects of
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stress. Postlarvae may be exposed to high levels of
stress during transportation and acclimation, how-
ever, active feeding may prevent this from reaching
critical levels. Since very little is known about nutri-
tional requirements of postlarvae, a broad feeding
regime is used to make available the necessary me-
tabolizable energy, and fulfil other requirements.
The feed consists of frozen Artemia nauplii, cooked
egg yolk  finely ground!, and a processed flake diet.
The Artemia nauplii in frozen chunks  minimum
concentration of 10 nauplii/ml! are fed throughout
the acclimation period. The commercial flake diet
and cooked egg yolk are alternated hourly; i.e< one
hour feeding with egg yolk the second hour with
flake.

Feeding during acclimation should be as follows:
1. If volumetric counts are not necessary, feeding

should commence immediately after tanks have
been stocked and acclimation has begun, but if
volumetric counts are necessary at the beginning
of acclimation, feeding is postponed until these
are completed.

2. The first feeding consists of cooked egg yolk with
one yolk per tank containing 500,000 postlarvae.
The egg yolk is slowly passed through a 500
micron mesh circular sieve held over the water
surface and covering the entire tank surface area.
This should be performed slowly to avoid
clumping of the egg yolk  Plate 25!.

3. At the second feeding, four grams of flake are
broadcast over the water surface area and al-

lowed to slowly sink. The flake should be passed
through a 500 micron sieve before broadcasting.

4. Steps two and three are alternated hourly for the
duration of acclimation.

5. During all feedings, frozen Artemia nauplii are
used. Approximately 4 cm' of frozen nauplii
should be cut and added to each tank  two frozen
chunks � cm'! per hour!.
NOTE: The Artemia must be given in the frozen
state. Nauplii in melted liquid form are not guar-
anteed to be good and should not be used. Frozen
chunks are allowed to float on the surface, and
as they melt nauplli will be slowly released into
the water column.

Reservoir Tank Temperature Control
As discussed in Chapter 5  Postlarval Transporta-

tion!, postlarvae are packed at the hatchery at 22'C for
transportation and the farm representative is respon-
sible for maintaining that temperature during the trip
to the farm. The technical staff awaiting the arrival of
postlarvae are responsible for maintaining water
temperatures and salinity at the acclimation station.
Since the technical staff are in continual communica-

tion via radio this should be easily accomplished.
It is the acclimation strategy to maintain water

temperatures relatively cool �5'C! and constant

i'<!tel »

Plate 25. Feeding cooked egg yolk passed through a small
mesh sieoe.

throughout the operation until the last few hours
when it becomes necessary to acclimate to pond
water temperatures. Salinity adjustment and water
chemistry adjustment are also necessary.

The objective of maintaining a constant 25'C in
the acclimation tanks is to reduce aggressive activity
in postlarvae and reduce production of metabolites
in the relatively small tanks. The temperature is not
lowered more than 25'C so as not to inhibit the

postlarval feeding response. Although this tem-
perature control is labor intensive, especially during
long range acclimations, it satisfies the physiological
requirements of postlarvae during acclimation.

Since ambient temperatures are much higher than
25'C and heat exchange factor of the acclimation tank
walls is efficiently high, the reservoir tank water
must be maintained at approximately 23'C. This is
done by continually introducing bagged ice into the
reservoir and by carefully monitoring the tempera-
ture. The most practical solution is a wall mounted
d i al thermometer with a cable extension and probe to
continually monitor "at a glance."

If the temperature in the reservoir tank is carefully
monitored it may not be necessary to introduce bagged
ice directly into acclimation tanks while postlarvae
are present. All temperature manipulation should be
performed indirectly and externally, avoiding actual
direct contact with larvae.

A practical technique is to use one of the two 2,000
liter reservoirs at a time. When the first tank empties,
bring the second 2,000 liter tank "on-line." While
using the second tank, refill the first tank, add 2 ppm
of EDTA, and decrease the temperature with bagged
ice. By the time the second tank has emptied, the first
tank will be ready to go "on-line".

When it is necessary to acclimate the postlarvae to
actual pond water temperatures  described in next
section!, the reservoir tank water can be significantly
heated by introducing boiling water prepared earlier
while waiting for postlarvae to arrive  Ecological
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V rep> ration in Chapter 6!. Sufficient hot water is added
to reservoir tanks to increase water temperatures 5 C
higher than the actual pond water. This will result in
using reduced quantities of reservoir water to achieve
higher water temperature in acclimation tanks. Once
acclimation tanks are at the same water temperature
and salinity as the targeted pond, acclimation harvest
can begin.

Acclimation Schedule and Monitoring
Acclimation begins immediatly after the last bag

has been emptied into the tank and before volumetric
counts, if necessary. Since tanks are filled to capacity,
the water volume of each tank will remain constant

regardless of the fact that water from the reservoir
tanks is continually entering the tank. This is a con-
sequence of the flow-through design. Since the water
volume remains constant throughout the acclimation
process it will have no effect on subsequent postlar-
val counts.

Although there are many different acclimation
strategy schedules, we have traditionally carried out
acclimation operations with an intermediate rhythm
of change in physical parameters. This issue is quite
controversial in aquaculture operations and we sus-
pect that no particular method is conclusively the
best. The acclimation schedule described here is de-

signed to maintain minimal physiological stress on
postlarvae. Although our method subjects postlarvae
to longer periods of time in the acclimation station
than other more accelerated methods of acclimation,

the flow-through design coupled with the
consciencious handling of postlarvae and water
quality should offset the time disadvantage in most
situations. The additional time and labor invested in

acclimation also permit a more in-depth assessment
of postlarva1 behavior and condition  see next section!.
If the postlarvae are stocked in the pond without
proper evaluation, the technical management of the
pond becomes complicated since initial survival es-
timates might be incorrect and the biologist may not
accurately know the pond population until it is too
late. Water salinity and chemistry are adjusted from
hatchery conditions towards nursery conditions
throughout the acclimation period, but water tem-
perature remains constant during the initial 75 per-
cent of this period and is only adjusted towards
nursery temperature during the last 25 percent. Once
the water valves to the acclimation tank are partially
opened to allow pond water to enter from the reservoir
tank, the salinity of the acclimation tanks should be
monitored at fifteen minute intervals in order to
accurately calibrate the inflow and make sure that the
change in salinity over a set time interval is within the
norms of the schedule described in Tables 1 and 2.

The acclimation schedule  starting at 33 ppt and
ending at 0 ppt! reflects an overall acclimation period
of 17.5 hours. The acclimation temperature remains
at a constant 25'C. until approximately the last four

Table 1. Acclimation schedule for postlarvae six
days and older.

Salinity range For 1 ppt
in ppt Change every

Change per
Hour

3 ppt/hr.

3 ppt/hr.

3 ppt/hr.

2 ppt/hr.

1 ppt/hr.

0.6 ppt/hr.

33 � > 25

24 � > 20

19 � > 15

14 � > 10

9 � >5

4 � >0

20 min.

20 min.

20 min.

30 min.

60 min.

100 min.

Table 2. Acclimation schedule for postlarvae
younger than six days.

Salinity range For 1 ppt
in ppt Change every

Change per
Hour

2 ppt/hr.

2 ppt/hr.

2 ppt/hr.

1 ppt/hr.

1 ppt/hr.

0.5 ppt/hr.

33 � > 25 30 min.

24 � > 20 30 min.

19 � > 15

14 � > 10

9 � > 5

4 � >0

30 min.

60 min.

60 min.

120 min.

hours, at which point the temperature is slowly ad-
justed up to the pond's water temperature  approxi-
mately 29*C! at a rate of 1 "C. change per hour.

When younger postlarvae  <PL6! are being accli-
mated the schedule should be slowed. A more con-

servative schedule is suggested in order to reduce
stress. Younger postlarvae have a less developed
immunological response and therefore may be more
vulnerable to secondary infections as a result of ini-
tial stress. Table 2 represents a more conservative
schedule to be utilized with postlarvae less than six
days old.

This conservative schedule reflects an overall ac-

climation time of 24 hours. Salinity and temperature
monitoring at 30-minute intervals will ensure that
the schedule of change is being adhered to. Monitoring
of D.O. and pH should be performed every hour
during acclimation. All data collected should be re-
corded in the acclimation sheets represented in Fig-
ure 7.

During the period of acclimation, postlarvae
should be graded by the condition assessment that is
elaborated in more detail in the next section.



Postlarval Assessment During Acclimation
The manifestations of stress can normally be iden-

tified by the direct observation of postlarvae and
should be used as a tool in forming acclimation
strategies.

The assessment routine during acclimation is di-
vided into two principal categories. First, the assess-
ment of postlarvae at the moment of arrival  before
being stocked into the acclimation tanks!, at the mid-
point of acclimation and at the end of acclimation
prior to harvesting. The first category is more me-
ticulous and requires the use of dissecting microscopes
for more precise observations. This routine is basically
performed by sampling a 1 liter volume of water from
the tank  sampling from the bottom, upwards! and
carefully examining postlarvae for:
1. Index of gut fullness,
2. Mucus and debris on setae,

3. Opaqueness of swimmerets and tail muscle, and
4. Morphological deformities.

The second category is a routine assessment of
postlarvae, every hour during the acclimation period.
This routine is basically performed by sampling a 1-
liter volume of water in the same manner described
above and carefully examinig the postlarvae swim-
ming in the liter for the following:
1. Level of swimming activity,
2. Eratic swimming behavior,
3. Opaqueness of tail muscle,
4. Presence of molts,

5. Index of gut fullness,
6. Presence of mortalities, and
7. Frequency of cannibalism.

Close observation and assessment of postlarvae
at the acclimation station will not only help direct
changes necessary in acclimation schedules but also
establishes a higher level of contidence in postlarvae
strength and quality. This is critical for effective crop
management.

Since procedures described in this section imply
an inherently high level of subjectivity, it is suggested
that one key person be given responsibility for this
function. This should reduce variation in interpreta-
tion. All observations should be rated on the scale of
1 to 3  described in Chapter 4!.

Microscopic assessment of postlarvae
The microscopic examination upon arrival at the

farm site should help assess the effects of transpor-
tation on postlarvae.

Immediately upon arrival and before actual
stocking of acclimation tanks, one person should be
responsible for collection of 20 postlarvae from one of
the transport bags while the technical staff is exam-
ining the parameters of water in the bags. Postlarvae
should be evaluated immediatly after the collection
of the sample so that the observations reflect the

condition of postlarvae in bags and not the stress
caused by holding postlarvae in a beaker.

Once the postlarvae have been positioned and
oriented for observation on a glass slide, examine
each one and record the condition based on the

following scale:
1 = Poor, lowest, least.
2 = fair, mid-range, average.
3 = excellent, highest, most.

Index of gut fullness
It is unlikely that the index of gut fullness will be

higher than a rating of two since water temperature
for and during transport is maintained at approxi-
mately 22'C. In any case, a percentage estimate of gut
fullness upon arrival will serve as a good guideline
for evaluating the intensity of feeding behavior during
acclimation.

Mucus and debris on setae

The accumulation of mucus and the later attach-

ment of debris to the setae and antennae as well as

other appendages is a strong indicator of stress.
Focus on the setae and antennae by swinging the

focus dial back and forth, in order to view the three
dimensional effect. Carefully examine the spaces be-
tween the setae and antenna hairs for any build-up of
debris and record data   1, 2 or 3 ! on acclimation
sheets.

Opaqueness of swimmerets and tail muscle
One of the most obvious signs of stress is change

in opaqueness of the tail muscle. Under normal con-
ditions, the tail muscle will be transparent with a few
pigmentation spots. When postlarvae are stressed,
this tail muscle and also the swimmerets may become
opaque and, in extreme cases of stress, may turn
completely white. This is a phenomenon that is not
completely understood but may be associated with
the rechanneling of physiological energy from the
tail region to other areas.

The opaqueness of tail muscle occurs quickly
after stress is induced, therefore it is crucial that
postlarvae be examined soon after the sample has
been taken so that the stress caused by the sampling
procedure is not reflected in the evaluation.

Morphological deformities
Another factor that makes evaluating the quality

of postlarvae necessary is the number of morpho-
logical deformities. Although deformities are not
directly related to stress, these can be used as an
indicator for future survival estimates in the nursery
or grow-out pond.

Specimens should be examined for:
1. Complete and well develped rostrum.
2. Well formed  unbent! rostrum.

3. No curvature, or cramped tail.
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4. Well formed eyes and eye stalks.
5. Well formed and complete swimmerets, and
6. Overall physical appearence.

The microscopic evaluation of postlarvae, as
mentioned above, should be recorded at three pre-
determined times during acclimation; at arrival, at
mid-point and at termination.

Routine acclimation assessment of postlarvae
In addition to microscopic examination there

should be constant observation of postlarvae during
every hour of acclimation. Although this assessment
is general and does not involve the use of the mi-
croscope, it should be an important element in deci-
sions to change acclimation schedules.

The objective of this assessment is to maintain
visual contact with postlarvae during imposed fluc-
tuations of water quality inherent in acclimation. By
a direct and general observation of postlarval be-
havior, one can make a subjective judgement on their
condition. In case stress indicators are observed, the
acclimation schedule should be slowed down to give
the postlarvae more time to adapt to the changes in
their environment.

At hourly intervals during acclimation, the tech-
nical staff should sample a one liter volume of water
from each acclimation tank with an upward motion.
While the postlarvae are swimming in the sample
water, they should be subjectively evaluated and
properly recorded with the 1 to 3 scale on the accli-
mation sheets for the following criteria:
1. Level of swimming activity

If postlarvae are stressed for reasons of low D.O.
they will generally accumulate on the water sur-
face and will agitate the surface with increased
aggressive movements. If this behavior is noted
and confirmed by use of a well calibrated oxygen
meter, injection of pure oxygen into the water
should alleviate the problem. Other symptoms of
stress may manifest themselves in an entirely
different behavior. A major behavioral indicator
of stress is lethargy and diminished swimming
activity. When these manifestations are noted,
action should be taken to reduce the rate at which
change in water parameters is taking place so
that postlarvae have more time to adjust physi-
ologically.

2. Erratic swimming behavior
This behavior has been noted in two particular
instances:  a! during the attempt to molt, and  b!
during a reaction to a toxic contaminant in the
water. Molting can be identified by carefully
observing the periodic rhythm at which
postlarvae will cramp up and then relax. In case
a large percentage of the tank's population be-
gins to molt, care should be taken to maintain
temperatures cooler than normal �3'C.! to
supress cannibalistic activity by the non-molting

postlarvae. A major molt in the tank, in itself,
may indicate a stressful situation. The rate of
water exchange should be diminished along with
an increase in feed rations; the latter, along with
temperature reduction in the ~ater, is an attempt
to discourage cannibalism.
In the second case, when erratic swimming is not
associated with molting activity, it is necessary to
monitor any increase in mortality. If mortality
index increases with time, the decision to sus-
pend all changes in water parameters for a two
hour period should be made. If mortality in-
creases, it is possible that a toxic compound is
present in the water. A complete evaluation of
pond water in the reservoir tanks should be
conducted reviewing all steps taken in acquiring,
transporting and all chemical treatment, as well
as a review of specific treatments used in tank
disinfection, etc.
Once a mass mortality in a tank begins, there is
little one can do if all the postlarvae have been
exposed to the same conditions. This illustrates
the importance of maintaining a high level of
control of the procedures described in Chapter 6.

3. Opaqueness of tail muscle
This symptom is a classical indicator of a physi-
ological reaction to stress. If it is noted at a high
frequency, quick action should be taken to slow
down the acclimation schedule of change.

4. Presence of molts
Floating exoskeletons on the water surface, ei-
ther in the 1 liter sample or on the tank's surface,
are obvious indicators of molting. Although ac-
tion to be taken is discussed previously in this
section, it should be re-emphasized that there is
a need to discourage cannibalistic behavior by
decreasing water temperatures and slightly in-
creasing the feed rations to each tank. A slowing
of the acclimation water exchange is recom-
mended as a precaution against the possibility of
the molt being a direct reaction to stress. A word
of caution in case of mass molting in tanks:
postlarvae will generally become lethargic and
benthic while in their molt. This behavioral pat-
tern can be confused with mass mortality. If it
occurs, a bottom sample should be taken from
the tank and 10 larvae should be microscopically
examined with specific attention paid to any gill
movement or heart pumping activity. If both
organs are moving rhythmically, then this be-
havioral pattern may be related to molting. If no
organs appear to be active, it would be safe to
assume that mass mortality has occurred.

5. Index of fullness.
The observation of feeding activity and high
index of fullness in the gut are positive signs
indicating that there is little stress imposed on
postlarvae. Generally, postlarvae will not feed,



or feeding will be reduced, if they are under a
major stress.
When the index of fullness is not high, action
should be taken to increase the quantity and
frequency of feeding. A low index of fullness and
the presence of a high concentration of feed in the
water column may indicate a high level of stress.
In this situation, feeding should be suspended, to
avoid increasing the amount of uneaten feed in
the system and the rate of change of water pa-
rameters should be reduced.

The index of fullness can be easily distinguished
by the white line on the dorsal part of the tail
muscle. The gut line coloration reflects the feed
source; when cooked egg yolk, the gut line will be
white; when Artemia nauplii, the gut line should
be orange.
The index of fullness should be represented as a
percentage. The length of the tail is classified as
100 percent and an estimate is made of what
percentage of that length is full. Since each
postlarvae should theoretically have different
indices of fullness, a subjective judgement of the
average index of fullness should be made.

6. Presence of mortalities:
The occurrence of less than 3 percent mortality
during acclimation is acceptable. Under normal
circumstances anything � percent should put
the technical staff on alert. A complete check of
tank water quality factors such as D.O., pH,
temperature and salinity should bc conducted.
Furthermore, a reduction in the rate of change of
parameters should bc initiated. If postlarvae have
a low index of fullness, feed should be increased.
If the guts appear full, water temperatures should
be reduced to 23'C to reduce the animals' meta-

bolic rate. This "buys time" for a thorough inves-
tigation into the causes of the mortalities  either
chemical or environmental!. It also reduces the

amount of toxic metabolites pumped into the
system by the postlarvae's physiological
mechanisms.

7. Frequency of cannibalism:
Generally, cannibalistic beha vior is normal among
postlarvae receiving insufficient quantities of
feed. If there is a high frequency, it may also mean
that there is a high index of mortalities. An in-
crease in quantity and frequency of feeding should
minimize cannibalism. If dead postlarvae are
present, most live postlarvae will prefer them as
a feed source to artificial feed, however, increa»-
ing feed should discourage aggressive attacks
among postlarvae.

Tank-Pond Equilibrium
It is preferable, although not always possible, to

stock postlarvae during the cool hours of the night or

at sunset. In any case, it is necessary to confirm water
parameters of acclimation tanks to verify that an
equilibrium has been reached between the pond to be
stocked and the acclimation tanks.

The most obvious equilibrium requirements are
water temperature and salinity, and secondly, pH.
As mentioned in the previous section, reservoir tank
water temperatures can be manipulated by the in-
troduction of heated water to the reservoir, which
will indirectly increase water temperatures in the
acclimation tanks via the flow-through design. This
technique is useful and recommended when the pond
is being stocked at mid-day.

Many times, the pond water will be 1' to 2'C
warmer than the ambient temperatures in the accli-
mation tank». In such situations, it becomes necessary
to predict what pond water temperatures may be
when salinity equilibrium has been met. To manage
the elapsed time in acclimation efficiently, the water
temperatures should bc manipulated with advanced
time, so that the equilibrium is achieved within the
acclimation schedules discussed previously. Once
equilibrium has bccn confirmed, begin harvest in
tanks.

Acclimation Harvest Procedures

Harvesting is probably the most critical phase in
acclimation procedures. Acclimation imposes stress
on postlarvac, and the mechanical manipulation
caused by harvesting, if not performed conscien-
tiously, will have detrimental effects on postlarval
survival. To ensure the least amount of stress, harvest
procedures should bc well planned.

Postlarval transport tanks should be well cleaned
and disinfected, prior to their use. Oxygen bottles
should be filled and connected to the corresponding
air hoses with air stones. The following are the steps
to be taken in the harvesting procedure:
1. Fill transport tank with water from the reservoir

tanks or from the pond to be stocked. This water
should be at the same temperature and salinity as
water in acclimation tanks.

2. I'crform the final microscopic assessment of
postlarvae as described in Microscopic assessmert t
of tan~ac.

3. Close inflow water valves to acclimation tank
and maintain aeration.

4. Connect air line hose to harvest bucket, to main-
tain harvest bucket screen free of debris  Figure
8!.

5. Close effluent valve of acclimation tank to be
harvested.

6. Unscrew central stand pipe in tank.
7. Partially open effluent valve of acclimation tank

and allow to drain into bucket. Confirm that flow

rate is controlled, so the harvest bucket does not

overflow. Confirm that an ample supply of air is
flowing through thc harvest bucket.
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Figure 8. Sche>natic diagra>n of acclimation Iran+st buckc t collectI! tg postlan>ae drained from acclimation tanks.

8. When 20 percent of the acclimation tanks water
has been harvested, close effluent valve and de-
posit harvested postlarvae in transport tanks.

9, Repeat steps 7 and 8 a minimum of five indepen-
dent times to complete the harvest of each 1,000-
liter acclimation tank. Precaution: If postlarvae
are "balling-up" or are noticed to be too concen-
trated in the harvest bucket, it may be necessary
to increase the number of times steps 7 and 8 are
repeated to ensure the least amount of stress to
postlarvae.

10. Continually wash down the sides of acclimation
tanks with the inflow hose to collect postlarvae
adhering to the sides. This is especially critical
during the end of the harvest for each tank. Also
note that flushing should include the effluent
pipes and elbows.

11. Repeat steps 2 through 10 for each tank.
Harvesting procedures should take no more than

30 minutes per tank. With the use of severalharvesting
buckets, more than one acclimation tank may be
simultaneously harvested  Plate 26!.

The densities of postlarvae in the transport tanks
should not exceed 800 postlarvae per liter with con-
tinued oxygenation of transport water.

Once densities in transportation tanks have been
reached  800 postlarvae per liter! the tanks should be
completely filled with water to decrease wave action
in the tanks.

The truck or tractor that transports tanks to the
pond should not exceed 25 kph, but speed may be
much less, depending on dike conditions. One person
should accompany the tanks to ensure that they are

receiving adequate oxygenation and to regulate the
speed of transport.

Pond Stocking Dispersal
When transport tanks are alongside the pond to

be stocked, connect the 10-cm �-inch! steel-coil re-
inforced rubber hose to the 10-cm �-inch! gate valve
of the transport tank. Walk the hose into the pond to
a point with a minimum of 50 cm water depth, and
partially submerge the mouth of the hose at the water
surface. Partially open the effluent gate valve and
monitor postlarval activity at the discharge opening
of hose. During the night, it may be necessary to use
a hand-held flashlight to observe postlarvae being

Plate 26. Acclimation tank haroest bucket in operation. Note
the flou~ rate of bucket effluent.
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Figure 9. Schematic diagram of pond stocking surviz>al bucket for post 48-hour ez>aluatiozz.

Survival Test Bucket

stocked. If there is excessive turbulence or damage
being caused to the postlarvae, slightly reduce the
opening of the effluent gate valve at the tank.

When 90 percent of the tank has been drained,
start the portable 5-cm �-inch! pump and flush out
the tank to ensure that all postlarvae drain out of the
transport tank and connected hose.

Personnel in the pond should not walk around,
since postlarvae might settle to the bottom. If more
than one transport tank is to be stocked in the pond,
additional tanks should be stocked at approximately
50-meter intervals from each other, and always on the
upwind side of the pond.

Before the stocking of the pond has been com-
pleted, it is necessary to collect 200 postlarvae and
introduce 100 of them into each of two independent
survival buckets placed at the side of the pond. This
procedure will help evaluate survival of the postlarvae
48 hours after being stocked.

Each survival bucket  Figure 9! should be placed
near the edge of the pond and in a minimum of 50 cm
water depth. The bucket should be firmly anchored
to the mud bottom and retain approximately 15 cm
free board over the pond's water surface to prohibit
escape of postlarvae. The two buckets should be
located within 1 meter of each other. The postlarvae
in the buckets should not be fed and should remain
undisturbed for 48 hours  Plate 27!.

Forty-eight hours after stocking, all postlarvae
from the buckets should be removed and counted

individually. Live postlarvae should be counted
separately from the remains of dead ones. Divide the
number of live postlarvae by the number of postlarvae

Plate27. Nurserzt pozzds«rvival bucketsin placeafter nursery
stocking of postlarvae. Each survival bucket contains 100
postlarz >ae.
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Postlarvae stress test 70-85 percent

2-5 percentAcclimation percent
mortality

>85 percentPostlarvae 48-hour

survival

Final nursery survival 67-75 percent

deposited in the bucket to calculate percent survival.
The results of the two buckets should then be averaged.

After postlarvae have been counted, examine
buckets for any holes that may have developed during
the 48-hours that may have allowed escape of
postlarvae. Also examine the seams and corners,
since these are places where postlarvae may become
trapped or squeezed, causing an increase in mortality
not related to postlarval condition.

The 48-hour survival is useful as an indicator of

acclimation and stocking stress on postlarvae.
An average percent of survival after 48-hours of

85 percent or higher indicates a successful stocking.
Survival test results between 60 percent and 85 per-
cent may indicate that either postlarvae quality was
less than optimal or that there was undue stress on
postlarvae during the manipulative stages prior to
stocking. Survival tests results can then be compared
to stress test results at the hatchery to analyze
postlarvae quality. Results in the 60 percent to 85
percent range do not always correlate with poor
survival in the nursery pond, but should serve to alert
personnel to the possibility of poor results.

Survival test results lower than 60 percent after
48-hours strongly suggest problems. These may be a
result of poor postlarval quality, which may be directly
analyzed by reviewing the results of stress tests.
Other problems may be due to inadequate manipula-
tion, prior to stocking. If survival test results are
below 60 percent there is considerable probability
that nursery pond survival will be lower than optimal.
A review of the information pertaining to transpor-
tation logistics, acclimation schedules, observations
and stocking procedures should be conducted and
documented.

The accompanying chart is an example of rela-
tively good test values used as a guide for interpreta-
tion of actual field data.
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Chapter 8

Nursery Stocking

Nursery ponds are stocked with postlarvae at a
density of between 1,500,000 and 2,000,000 per hectare
�50-200 PLs/m2!. In case of stocking wild-caught
postlarvae, these densities pertain to the sum total of
P. vannamei and P. stylirostris.

Before stocking, it should be confirmed that the
nursery has been adequately prepared. The follow-
ing checklist should be reviewed to ensure that the
nursery is ready:
1. Water levels are at a maximum depth for opera-

tion.
2. Inflow and effluent weir gates are adequately

sealed.
3. Inflow and effluent weir gates have double small

mesh screens �.5 mm!.
4. The first 0.5 mm mesh screen in the effluent weir

gate should be covered with empty feed bags as
an extra precaution against possible escape of
postlarvae  Plate 28!, and

5. No water is being exchanged.
The record of postlarval stocking in all nursery

ponds or direct-stocked growout ponds should be
documented using the sheets depicted in Figure 10.

The farm volumetric count is only necessary when
wild captured postlarvae are purchased.

Plate 28. Nursery effluent gate adequately sealed with empty
feed bags on fi»e mesh screens. This will reduce the chances of
postlarvae escape in a recently stocked nursery.

Feeding Strategy
Feeding on a routine basis should begin soon after

stocking has been completed. The commencement of
the routine water exchange is generally delayed until
one week after feeding has begun. The water exchange

Figure 10. Record of Postlarvae Stocking

Farm

HawithPond or Nursery

Stocking Density PL/Ha

L
'This figure represents the number dispatched corrected for by
the "species segregation" in the case of hatchery postlarvae with
the participation of a farm representative. In the case of wild
"natural" postlarvae, this figurc represents the "Farm volumetric
count" corrected for by the "species segregation."

Total'

Biologist

Date Supplier ~ Amount Farm Volu- Acclimation Acclimation Species Amount of 48 hr Survival Quality
Dispatched metric Count Duration Survival % Segregation Commercial Performance 1-3 Scale

 optional!  hours!  optional! % van % sty PLs 48 hours
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t.ate I Stake

Ef�uent

Inflow

Figure11. Lateral stake'scorrfiguratiort arrd feed distributiorrpattern in a rrursery pond.

program will be discussed in the next section.
The optimal elapsed time for stocking a nursery

pond is one day, but often this cannot be achieved.
Every attempt should be made, however, to limit the
elapsed time in stocking to under five days.

A maintenance feed ration application should
begin the day following complete nursery stocking.
This maintenance application should begin with 10
kg/ha/day for the first seven days and be increased
subsequently to 45 kg/ha/day from the eighth day
until juveniles attain 0.80 gram size.

The juvenile feed is a relatively high protein/high
energy diet, although it does not contain all the
essential nutrients required by postlarvae. Essential
vitamins and minerals, as well as specific amino acids
and fatty acids, will be ingested by postlarvae while
grazing on the natural biota of the pond bottom.

The juvenile feed has the following nutritional
characteristics:

Pellet size: 3/32" or crumbles

Protein: 35%
Fat: 8%<;

Fiber: 5%
Ash: 11%<

Humidity: 10 /<
Gross energy: 3,937 Kcal/kg
This feed is capable of promoting growth at a rate

of 0.2 g per week in postlarvae stocked at the above
stated densities. Since juveniles are transferred out of
the nursery ponds and into the growout ponds at a
size of 0.6-0.8 g., nursery ponds are typically used for
only four to five weeks.

Feed is distributed by casting it from a boat or
canoe  Plate 29!. The feed boat should traverse the
entire surface area of the nursery in a zig-zag pattern.
Each lateral dike of the nursery should have four
painted stakes separating equidistantly the entire
length of the nursery. Using these painted stakes as
guides, the feed boat operator can direct the boat
from stake to stake across the pond width  Figure 11!.
Caution should be exercised in limiting the distri-
bution of feed to a minimum of 10 m distant from

Plate 29. Broadcasting shrimp feed in a nursery pond using
boats to cover the entire surface area of the nursery.

bordering dikes of the nursery, so that feed is not
washed up onto the pond bank by wind. Feed should
not be distributed closer than 20 m from effluent weir

gates.
Juvenile and adult shrimp are characteristically

nocturnal feeders. Postlarvae are primarily nocturnal
but still retain a slight degree of opportunistic feed-
ing behavior, which results in increased feeding ac-
tivity. Based on this, nursery ponds should be fed
twice per day. Optimal feeding times are during the
early morning �700 hours [7 a.m.]! and late afternoon
�800 hours [6 p.m.]!. This feeding schedule is a
technical "compromise" since it is difficult to ad-
equately supervise feed application procedures
during the night.

Since nursery ponds generally measure between
0.6 and 0.8 hectares �,000 to 8,000 m~! in surface area,
the twice daily distribution of 20 kg per feeding
should be sufficient. This schedule is considered

more efficient for nursery ponds because postlarvae
are limited in the distance they must travel foraging
for food. By distributing feed more often  twice each
day!, utilization should be more efficient.
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Occasionally minor formulation changes are made
in the diet in accordance with commercial a vailability
of certain raw materials. This may sometimes result
in excessive floating of pellets on the water surface.
When this occurs, feed should be applied at a greater
distance from the downwind dike, so that the pellets
have sufficient time to sink. Pellets blown onto the
shore result in not only waste, but also decomposition
and contamination of pond bottoms.

The occurrence of excessive floating pellets is
frequentlynot directlyrelated to formulationchanges,
but may be due to irregular surface shape on the ends
of the pellet. The irregular surface can retain air when
the pellet is initially introduced in the water, and
more time may be necessary for the air bubble to be
released and the pellet to sink. This problem can
usually be solved at the feedmill by adjustments to
the cutting knife.

Observations of excessive floating pellets  in ex-
cess of 5 percent! should be immediately reported so
that a solution can be implemented at the feedmill.

Water Management and Screen Size
The water exchange program in nursery ponds

begins seven days after the last stocking of postlarvae.
Water exchange is programmed to begin approxi-
mately six days after the application of feed,

Seven days after completion of stocking of
postlarvae, the entrance weir gates should be regu-
lated to allow 5 cm of water over the control boards.
The quantity of water allowed to enter should be
regulated according to the hourly pumping capacity
of the farm. If a farm has the capacity to pump eight
hours per tide with two tides per day, then 5 cm of
water should be allowed to enter each nursery for 16
hours per day.

Five centimeters should also be allowed to drain
from the nursery at the effluent weir gate. The nursery
should maintain its maximum operative level during
this routine exchange program. If there are two en-
trance weir gates in the nursery, then each gate should
be regulated to allow 2.5 cm to go over the control
boards. This water exchange program is continued
during the entire four- to five-week residence time of
juveniles in the nursery pond.

Many nursery ponds may have either pumps or
PVC tubes for the entry of water. In the latter case, the
management of water exchange can be performed at
the effluent weir gate, by allowing 5 cm of water to
drain over the control boards, and maintaining the
operative water level constant. If nursery water lev-
els begin to decrease or increase, this indicates that
respectively more or less water should be allowed to
enter at the inflow. This can be manipulated either by
pumping more or less water into the nursery, or by
utilizing more or fewer inflow PVC tubes.

All water, either entering or exiting the nursery,
should pass through a 0.5 mm screen to prohibit the

entry of predators and the escape of postlarvae. After
three weeks of the water exchange program, this 0.5
mm screen may be replaced with the standard 2 mm
screens.

The technical staff should be alert for the presence
of postlarval mortalities collecting on the effluent
weir screens and on the downwind nursery shores.
Close inspections in these two areas is necessary for
two to three days after stocking of the nursery to
assess the condition of postlarval population better.
The presence of postlarval mortalities on the effluent
weir screens may indicate entrapment resulting from
excessive water flow.

Thesamplingofthearea on theeffluentsideof the
first effluent weir screen should be performed twice
daily for the first two days after the initiation of the
water exchange program to ascertain if there is loss of
postlarvae. This sampling is performed with a small
mesh  < 1 mm! scissor net. The presence of postlarvae
in these samples indicates that the effluent screen is
either not sealed correctly or is damaged.

The presence of fecal casts near the effluent weir
gates and on the downwind shore of the nursery
suggests that the postlarvae are eating well and that
survival is acceptable.

Parameter Monitoring
Water quality parameters are monitored twice

daily, at two separate stations in each nursery. A
parameter monitoring platform is located near the
effluent gate and another one is located near the
inflow weir gate or entrance pipe. The parameter
platform is extended far enough into the nursery to
ensure a minimum water depth of 60 cm  Plate 15!.

At 0600 hours � a.m.!, each nursery should be
monitored for D.O., pH, temperature and salinity.
Again at 1400 hours � p.m.!, each should be checked
for D.O., pH, temperature, transparency and opera-
tive water levels. All measurements are recorded
twice daily on the Parameter Monitoring Control
Sheets  Figure 12!.

The route taken to monitor parameters in the
nurseries should be changed every day. It may take
as much as 10 minutes to monitor parameters in each
nursery. If there are 10 nurseries the whole parameter
monitoring cycle in the nursery ponds may take
nearly two hours to complete. Since the physical
parameters monitored at 0600 hours � a.m.! are more
significant than those measured at 0800 hours  8
a.m.!, changing the daily route will allow each nursery
to be measured at 0600 hours at least once per week.

Growth Monitoring
Early growth monitoring is essential for efficient

organization and for preparation of an optimal
schedule for transferring juveniles. It is of primary
importance that juveniles be stocked or transferred
into growout ponds at the earliest possible time,
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Figure 12. Parameter Monitoring Control Sheets

Farm

 B! ~ Effluent Date

Pond

AfternoonMorning

Time 0, pH 'C Trans H,O Lee, 0, pH 'C Sal

Inflow +

 A!

Biologist



38 ... Villalan

paying special attention to average juvenile weights.
The optimum average juvenile transferral weight

is between 0.6 and 0.8 g. Juveniles smaller than this
may be susceptible to excessive stress, which may
decrease their performance in the growout ponds.
Juveniles greater than 0.8 g are more difficult to
transfer over large distances due to biomass weight
in transport tanks. Since the transfer target weight
range �.6-0.8 g! is rather narrow, it becomes neces-
sary to carefully monitor growth early on in the
nursery to gauge the transfer date accurately.

It is important to understand that in the juvenile
stages the animals' growth percentage relative to
body weight is fast. This results in an increase in
molting frequency. A difference of one molt cycle
may result in the juvenile growing past the optimal
transfer target weight.

Weight monitoring begins two weeks after the
last postlarvae stocking in the nursery. Every week
on the same day, samples are taken beginning at 0630
hours �:30 a.m.!. If more than one nursery pond is to
be sampled in the same day, it is imporant that the
sampling procedure be conducted no later than 1000
hours �0 a.m.!. Since juveniles are nocturnally ori-
ented, sampling should be performed as early as
possible in the morning in an attempt to capture a
significant number of juveniles  	50 juveniles! while
they are still relatively active. If sampling is performed
too late  after 1000 hours! juveniles may be docile and
capture frequency may be reduced.

Growth sampling technique
The same person should be used constantly to

cast the sampling net. This is critical because each
person has a distinctive method of casting. If the
capture frequency variable can be reduced  by using
the same person consistently! then capture data can
eventually be analyzed to investigate possible cor-
relation between capture frequency and nursery
survival performance.

The cast net sampler, should v alk into the nurs-
ery to ensure that the cast net samples the area with
a minimum water depth of 60 cm.

In a nursery pond there are 16 sampling stations.
Each of the four dikes of the nursery has four stakes
positioned equidistant from one another along the
entire length of the dike. These stakes also serve as
guide markers for feed distribution as discussed
previously. At each station, the net should be cast into
the nursery at a point with a minimum of 60 cm water
depth. Juveniles are then collected in a plastic box
containing 5 cm of pond water. From the plastic box,
juveniles should be transferred into a small plastic
bag and the water allowed to drain out. The plastic
bag containing juveniles should then be weighed on
a triple beam balance and the weight recorded. The
weight of the wet but empty plastic bag is then
subtracted from the total weight and this value is

recorded. Juveniles are then counted out into the
plastic box with water. The total weight of juveniles
minus the bag weight is divided by the total number
of juveniles counted to determine the average weight
per juvenile. Juveniles should then be returned to the
nursery pond alive.

This procedure is carried out independently at
each of the 16 stations. The sum of the four stations
along each dike is then summarized on the pond
growth sample sheets  Figure 13!.

At one of the four stations along each dike, two to
four juveniles that are visually judged as the smallest
should be weighed and the average minimum weight
calculated. Also, at this station, two to four of the
largest juveniles should be segregated and weighed
to determine the average maximum weight per juve-
nile. At the end of the nursery sampling there should
be a total of four stations with the minimum-maximum

weight range as well as the overall average weight
per juvenile in the nursery.

lf the pond is stocked with wild-caught postlarvae,
juveniles captured during sampling should be sepa-
rated by species while they are in the plastic box with
water. Species should be weighed and counted sep-
arately and treated independently of each other
throughout the sampling procedures. The pond growth
sample sheets are adapted for these situations by sepa-
rating the species into the following categories:
~ Total  general!
~ P. vannamei

~ P. »tyliro»tri»
~ Others  which include P. occidentalis and P.

cali for ni en»i s!
In an effort to standardize capture frequency, all

nursery pond cast nets used for growth monitoring
should be of the same dimensions and characteris-

tics. Nursery cast nets are designed according to the
following technical criteria:

Diameter 6 meters
Mesh size 0.5 cm

2

Pocket skirt 30 cm

Lead weights 6 lbs
Although during the first few weeks of growth

monitoring samples, it is expected that many
postlarvae will escape through the weave of the cast
net, it is still necessary to sample early on to determine
an index of survival. If, during the first few weeks,
few postlarvae of relatively large size �.3 g to 0.5 g!
are captured, it may be assumed that nursery survival
is lower than optimal; on the other hand, if many
juveniles of a relatively low average weight �.2 g!
escape, then it may be assumed that survival is good.

All growth data are then graphically presented on
the growth curve sheets described in Chapter 7 under
Growth Moni tori i g. All visual assessment of juveniles
observed during sampling should be performed in
the same manner as described in Chapter 7 and
recorded on the pond growth sampling sheets.
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Chapter 9

Juvenile Transfers

Scheduled TransfersThere is a great advantage to stocking production
ponds by the method of juvenile transfer as compared
to directly stocking postlarvae. The inherent qualities
of semi-intensive culture strategies make it difficult
to estimate actual population numbers and biomass
accurately at any given moment during the culture
cycle, but shrimp in the juvenile stages tend to have
a better developed immunological response system
and are more resistant to stress; as a result, mortality
rates are significantly reduced. During the first five
weeks after stocking postlarvae, mortality is gener-
ally 25 percent to 35 percent of the originally stocked
population. The mortality of juveniles by the time
they reach a target harvest weight of 23 g, on the other
hand, is generally 20 percent to 35 percent over a 25-
week culture cycle. Since the mortality curve is ob-
viously not linear over the entire cycle from postlarvae
to harvest size, it is advantageous to run the shorter
economical risk of the five-week period in the nurs-
ery pond rather than the 25-week period of a relatively
large production growout pond. The economical
implications are not only restricted to the investment
of time and production area risks, but also include the
equally important management of feed rations dur-
ing the entire culture cycle.

It is more economically efficient, in terms of pro-
duction forecasting as well as implementation of
more accurate feed and culture management strate-
gies, to use production models such as ponds stocked
with a known number of relatively resistant juveniles
that reflect a more linear mortality curve over a 25-
week period.

Transfer of juveniles into a growout production
pond is the final step involved in "locking in" the
growout pond into its production forecast for the
final harvest. Although the farm maintains a current
annual production forecast divided into monthly
intervals, the juvenile status at transfer is the deter-
mining factor in the re-evaluation of production es-
timates. For this reason it is essential that correct
transfer techniques be implemented so that produc-
tion projections may maintain their credibility. Once
the juveniles are transferred into a growout pond,
there is very little that the biologist can do in terms of
population analysis and performance evaluations
until the pond is harvested. As a result, every effort
should be made to compile as much accurate data as
possible during the transfer operation in order to be
able to make a more precise subjective evaluation of
transfer results to support the growout pond's har-
vest forecast.

As described in Chapter 8 under Growth Moni-
tori ng, the target weight for juveniles to be transferred
is between 0.6 g to 0.8 g. Although in practice, this
weight may be reached within four to five weeks,
with postlarvae stocking densities previously men-
tioned, the governing criteria determining the transfer
date is the average weight of juveniles. Since juveniles
have a tendency to molt at a higher frequency than
adults, it may be necessary to sample the juveniles
more than once per week to ensure that they do not
exceed the narrow weight range optimal for trans-
ferring.

Prior to transferring, the degree of carapace hard-
ness should be determined to guarantee the maximum
protection of juveniles from possible physical dam-
age experienced during transfer.

During sampling, the percentage of juveniles with
soft carapaces should be calculated. If the percentage
of juveniles with soft carapaces exceeds 5 percent, the
transfer date should be postponed until this per-
centage is under 5 percent.

In summary, there are four major factors to be
considered in establishing or programming the
schedule for transferring juveniles from nursery to
growout pond. These are:
1. Average juvenile weight �.6 g to 0.8 g!;
2. Degree of carapace hardness  <5 percent soft

shell!;
3. Adequate preparation of growout pond; and
4. Coincidence of transfer with the spring tide phases

of the moon. Although this is not critical, such
transfers are generally completed more efficiently
because of increased shrimp activity.
If the farm's biological staff has meticulously

prepared and organized the transfer in advance, the
juveniles transferred into the growout pond should
experience the compensatory growth response phe-
nomena. Although the physiological reason for this
phenomena is not completely understood it is thought
to be directly related to the positive metabolic effects
of the change in environment experienced by the
juveniles from one of high densities and reduced
available food, to one of relatively low densities with
an increase in available food. This compensatory growth
may also be related to the elimination of growth in-
hibiting hormones secreted by the juveniles in a high
density situation when the maximum capacity of the
nursery pond is approached. The compensatory growth
phenomena may last from two to three weeks in the
growout pond without the use of pelleted feeds.
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Pond

Harvest Basin�

Drainage CanalFigure14. Schematic diagram
of nursery pond harvest basin
on effluent weir gate.

Transfer Mechanisms

Juveniles are nocturnal animals and have a natural
migratory instinct during the spring tides, when the
moon phase is either full or new. It is more efficient to
take advantage of these inherent qualities and com-
mence the transferring of juveniles during the night,
when swimming activity is increased. Night trans-
fers are also more advantageous in terms of maintain-
ing cooler temperatures during the operation.

The gravity harvest method is best, but this may
not always be possible in nursery ponds with inad-
equate drainage capabilities. It then becomes neces-
sary to seine juveniles or capture them by cast net ting.

The objective of the transfer mechanism is to
harvest, quantify, transport and stock juveniles from
the nursery pond to the designated growout pond
with the minimal amount of stress. The main areas of
possible stress in normal gravity harvest transfers
are:
1. The elapsed time juveniles are concentrated in

high density.
2. The water current pressure that may cause

physical damage to juveniles by pressing them
against the harvest box mesh screen.

3. The collection method of juveniles from the har-
vest box.

4. The elapsed time animals are out of water during
the weighing and quantifying of juveniles ex-
tracted from the harvest box.

5. The water quality and elapsed time in the trans-
port tanks as well as transport time to the growou t
pond, and

6. The method of draining water and juveniles from
the transport tanks to the growout pond.

In those nursery ponds where the bottom topog-
raphy does not allow adequate drainage, it is neces-

sary to use seine nets or cast nets. This method may be
very damaging to the juveniles as a result of pulling
a net along the pond bottom. This method also requires
that farm personnel walk in the pond, which results
in a high degree of sediment suspension that may
foul gills and cause undue stress to the juveniles. In
the majority of nurseries where seining becomes
necessary it is recommended that the gravity harvest
technique be utilized first and that the nursery pond
be refilled to repeat the same procedure several times
before terminating the transfer operation with the
seine net. This method reduces the number of juve-
niles exposed to the high stress and low efficiency of
seine type transfers, and should significantly improve
survival rates of transferred juveniles.

In the majority of cases, nursery ponds are de-
signed to be between 0.60 and 0.80 hectares in surface
area in square or rectangular shapes. Typical di-
mensions are 70 m by 120 m with an average depth of
1.4 to 1.6 meters.

The nursery pond bottom topography should
have a cross-fall slope of 0.5 to 1 percent for complete
drainage capabilities and a minimum water depth at
the inflow dike of 0.8 m. Using this type of nursery
pond design, night transfers of more than 1,000,000
juveniles can be done in six hours.

Gravity transfer technique
Figure 14 and Plate 30 show a schematic diagram

of the pond harvest basin concentrating and captur-
ing juveniles for transfer.

Transfers should be completed by 0600 hours �
a.m.!. This scheduling criteria should be used for two
important reasons:
1. The light at dawn facilitates visibility in order to

determine if juveniles are burrowing into the
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Plate 30. View of nursery pond han>est basin used for
capturing and concentrating j uz>e»iles.

Plate 31. Sixty percent reduction of nursery pond water lez>el
prior to commencing juvenile tra»sfer operation.

Plate 32. Wooden framed, small mesh harvest box structure
that stands partially submerged in harvest basi».

mud and are not being efficiently captured, and
2. At dawn, the temperature is still cool enough to

finish the transfer, or, if problems arise and
completion is postponed, early daylight permits
adequate visibility to partially refill the nursery
in an effort to control water temperature.

In the majority of nursery transfers that can be
completed in six to eight hours, the operation should
commence between 2200 hours �0 p.m.! and mid-
night. If it is estimated to take longer than eight hours,
then the schedule should be moved forward  earlier!.

Transfers should not be initiated before 1800 hours �

p.m.!, unless the weather is rainy or overcast.
Once it has been established that the juveniles are

prepared for transfer and the date has been set, water
levels in the nursery pond should be lowered by 60
percent, the day before the operation. If the nursery
pond's water depth at the effluent weir gate is 1.5 m,
it should be reduced to 0.6 m before beginning the
transfer  Plate 31!.

It is recommended that a screen cleaner be perma-
nently placed on the effluent weir gate to ensure that
the screen does not plug and rupture, as well as
ensuring that the water pressure against the effluent
screens is not so great as to cause physical damage to
juveniles in the vicinity of the weir. In the latter case,
it will be necessary to drain the nursery at a slower
rate or a 6 mm mesh convex net can be temporarily
installed just in front of the effluent weir gate to
diminish water pressure and crushing of juveniles
against exit screens.

The main objective in starting with a 60 percent
reduction in nursery pond water depth is to enhance
the capture efficiency. With water levels at the
maximum operative level, very few juveniles will be
captured during the first half of the transfer because
they are dispersed throughout the entire water vol-
ume, It becomes necessary to reduce the total volume
of the nursery and slightly concentrate the juveniles
towards the effluent side in order to ensure rapid
harvests.

Although juveniles are nocturnal animals, they
are photopositive. A strong, battery-powered, halo-
gen lamp with high intensity should be located on top
of the effluent weir gate and directed at a 30' angle
into the water surface approximately 3 to 4 meters
from the entrance area of the effluent weir gate. This
light serves to attract juveniles towards the effluent
gate where the current will carry them out of the
nursery and into the harvest box. The effectiveness of
the light increases as the total volume in the nursery
is reduced.

Plate 32 shows the harvest box structure that is

placed within the harvest basin of the effluent gate.
The wooden frame slides into the effluent tunnel

slide channels and is sealed. A fine mesh � mm!
cylindrical tunnel connects the wooden frame to the
harvest box, which is lined with 2mm mesh. The
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Plate 33. Harvest box structure in location within nursery
pond harvest basin.

harvest box is submerged within the harvest basin;
the walls of the box have sufficient freeboard to keep
the juveniles from jumping out  Plate 33!.

The concept of this harvest system takes advan-
tage of the benthic behavior of juveniles. Once the
juvenile is in the box, it will find a substrate on which
to attach, either horizontally or vertically. When the
juvenile is on the bottom of the box or attached to the
walls, it is out of the turbulent current of water
coming through the box.

When all equipment is in place, the restriction
boards in the effluent weir should all be removed.
Since the harvest is conducted by surface drainage,
the restriction boards hamper the easy movement of
water and juveniles.

Enough down boards should be placed on the
back end of the harvest basin to ensure adequate
water depth, both in the harvest basin and harvest
box  Plate 34!. Once the nursery begins to drain
harvest, the water will spill over the down boards but
should not overflow the harvest box.

Juvenile transfer begins by raising the double
effluent filter screens and removing sufficient down
boards from the weir gate to allow surface drainage.
It is of critical importance to manage the quantity of
water draining over the effluent down boards prop-
erly'since too much water will cause excessive
turbulance and water pressure, resulting in damaged
juveniles. The best results are obtained by limiting
the amount of water over the down boards to 20 cm
maximum  Plate 35!. This should result in efficient
drainage and juvenile harvest as well as maintaining
a minimal water depth in the effluent gate culvert  
tunnel! of 10 cm to 15 cm.

It is necessary to maintain 10 cm to 15 cm of water
over the cement floor of the culvert in order to cush-
ion the fall of juveniles, otherwise the juveniles may
be physically damaged by the rough surface of the
concrete slab.

Plate 34. Down boards in place on effluent side of nursery
harvest basin to maintain adequate water levels in basin and
box.

Plate 35. Approximately 20 cm of water draining over efflu-
ent down boards is alloroed during transfer operation. The
wooden pole and hand show water mark levels.
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Plate 36. Dipnets are used to extract juveniles from harvest
box and deposit them in plastic box containers.

Plate37. Waterfrom plasticboxcontainersisallowed todrain
while debris and predators are eliminated.

Plate 38. Juveniles in plastic box containers being accurately
weighed.

The attraction exerted by the halogen lamp will
cause increased activity of shrimp near the effluent
gate, depending on the rate of capture. The harvest
box containing the juveniles should be harvested
every 15 minutes, or when it contains approximately
15 kg of juveniles, whichever comes first.

The juveniles are extracted from the harvest box,
using a fine mesh � mm! scissor net or dipnet  Plate
36!. They are then deposited in the plastic box con-
tainers and allowed to drain for approximately 15
seconds  Plate 37! before weighing  Plate 38!. The
plastic box containers should not be filled with more
than 2.5 to 5 kg of juveniles  Plate 39!. Care should be
taken to avoid their jumping out of the box containers
 a cover net with elastic edges may be employed to
cover the plastic box as it leaves the harvest box until
it is deposited in the hauling tank!.

During the 10 to 15 seconds allowed for adequate
water drainage from the plastic boxes, all trash and
potential predators such as fish and crabs should be
manually removed  Plate 40!. This allows for accurate
weighing of the quantity of juveniles as well as pro-
tecting the future shrimp population in the growout
pond from predators.

At times, it may become necessary to install one of
the two effluent filter screens, in the event that too
many juveniles are being harvested in relation to the
amount that can be carefully and efficiently handled
by farm personnel. It is better to install the filter
screen than the down boards, as the back pressure
caused by installing down boards may cause the
juveniles to retreat into the nursery pond.

During the last phases of the transfer harvest,
when the water level in the nursery pond is low, the
water current velocity may not be sufficient to drain
the juveniles from the nursery. In this case, it becomes
necessary to implement a more effective means of
attraction strategy. Fresh, clean pond water should
be allowed into the draining nursery pond, this fresh
water acts as a strong attractant to the remaining
juveniles. In order to implement this strategy effec-
tively, it is necessary to insert down boards at the end
of the effluent gate culvert and allow water to drain
in great quantities from the adjacent nursery pond
through the "Y"-shaped dual effluent gates. Since the
adjacent nursery pond should have significantly
higher water levels, the water will easily drain from
the adjacent nursery into the partially harvested one
 Plate 41!. This fresh water should flush the area near
the mouth of the effluent weir and allow sufficient

water to cover approximately a 20 m radius with 30
cm water depth. The incoming fresh water should
improve the water quality in which the juveniles are
concentrated, as well as decrease the density and
attract all juveniles in the vicinity to swim toward the
effluent gate.

Once the required amount of water has been
allowed to enter the nursery, the system should be
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Plate 39. 2.5 to 5.0 kgof jzzuer tiles per l>lastic box z or ztairzer.
Notice the abser zcz of nrzzt ercess ztz l»is or»rertator s.

Plate 41. Flzzshi ngfresh u ater i» rez>erse throzzgh tlze efflzzent
zveir gate to i»rl>zzrve u>nter qu»litzt corzzlitiorzs as u>ell as
i> zcrease zvater z>olzzrrre zlzz ri�»g fi r znl trnr zsfz r lrroce>hz>res.

reversed. This is done by damming the effluent flo
in the adjacent nursery and raising the filter screen in
the effluent of the nursery being transferred. With the
increase in volume of water, effluent water current
velocity should be significantly increased, which re-
sults in a mor» efficient capture/drainage rate tor thc
juveniles. This operation should be repeated a» many
times as necessary to ensure that no juveniles are left
behind in the drained nursery because of burrowing
action or stagnated puddle».

If a filled nursery pond doesn't exist next to the
nursery being transferred, it may be necessary to use
a 15 cm to 20 cm auxiliary pump to transfer water
from the effluent canal into the nursery being tran»-
ferred  Plate 42!. The main objective is to increase the
water volume sufficiently to allow effluent current to
increase and effectively drain juveniles.

Throughout the entire transfer operation, it is
necessary to monitor D.O. and water temperatures

Plate 40. Prrterztini lrrectator» that haz>e bee» remzn>ezt from
plzrstic I>zrn's czrr ztni r >i > zg tire j zzz>z >ziles.

Plnte 42. Flzzslzi»g zvz'th fresh zvntz r u>ith a 20-cm azzrilarz/
l»>rr>P tz>ntttzzct juz>elliles a>M i>zcreaseu>ates nolzzrrzedzzrirzg>
firznl trzzrzsfi'r lrroce>f»res.

Plnte43. Morzitorirzg>D O. nrzzt zvater te>nperat»reat ngzzlar
i»terz>nls <t»rirzg tire tra>zsfer olreratiorz.



every two hours  Plat« 43!. If D.O. levels drop below
3 ppm or watvr temperatures»u rpass 32*C it is nece»-
sary to t<ikc vnlergency mca»ure» hv reversing thv
drainage process and e ithvr letting or pumping frv»h
clean water into the effluent are<i. Thc opening of
entrance weir gatvs or inflow tube» may bc necessary
to supplement thc entry of fresh water into thc nursvrv.

Seine net transfer technique
Complete drainage by gravity through thc cfflu-

cnt weir g<itc is not possible for ill nursery ponils. In
those nurseries where drainage is a problem, it i»
necessary to finish thv transfer with a seine net. Most
of the transfer can be performed by gravity <is dc-
scrihcd in thc previous svction, thereby causing
minimal stress to the m<ijoritv of the juveniles. Thc
last phase of the transfer will have to be carried out
with thc svinc net and undvr highvr stress conditions.
The unit can he refilled to <i dvpth of30 cm and
harve»t by gravity  drainagv! can bc attempted over
sever<al consecutivv evening» prior to initiation of
seining. Feed can also bc oftcrvd vach morning in
front of the effluent gatv toattr<ict animals towards
the w»ir gate during the two or three day» of repeated
gra vi ty tran» I er.

Th» critical problem in transferring a nursvry
pond with nets i» that a r«latively 1<irgc number of
farm pvrsonncl i» required to pull thc nvt through thv
nursery  <it i«<a»t »ix men, d«pending on thv size of thv
seine!. This number of people walking through thv
pond significantlv affects water quality in <a nvgativv
way as a result of th» incre as» in rvsuspendcd bottom
sediments.

Sclnlng Is g 'ncr<illy po»tponcil until luvcnllcs arv
larger in average wvight �.0 grams!. This is bcc<au»v
smaller juvenile» of 0.60 gram» v ill «scape through
the mesh of tile seine nct. Sm,aller mesh size seincs arv

impractical because thvy plug c'a»ily with the bottom
mud, resulting in a nlud /ju vvnile»lurry that is detri-
mental to captured juvenile». In order to rvducc thv
amount of mud inside thc seine drag, the mesh sizv
should he no smaller than 0.5 to 1.0 cm square.
Juvenile» of 2 g average weight  vill be easily captured
and rvlativelv trvv of bottom mud.

Thv seine drags should b» circular in shape and
should bc dragged for relatively short distances  lpp.
50 m!. Longer drags are detrimental for the juvcnil»»
and result in poor performance of ju venilcs in growou I
ponds.

During any seine transfer, it is necessary to flush
fresh water through thc stagn<ate'd ar«as. This should
bc done by allowing fresh water to enter through the
inflow gates or tubes and letting thv lower qualitv
water in the puddle exit through the effluent gite
without significantly increasing the water depth in
thc area bclng sclnc-harv»»tcd.

After every individual drag of the seine, juveniles
should he concentrated at the shore. They should hc

washed with watvr from the puddle to elimin<ite any
mud debri» and predators such a» fish and crabs
before tran»ter into plastic boxes used in the quanti-
fication operation.

During thc I'inal phase of any transfer, either by
gravity harv«st or by seine net, th» critical f<ictor
govvrning the success of the operation, stresswise, is
the quality of w,lt»r in which the juveniles find them-
selves in the. nursery. A» mentioned before, D.O. and
water temperatures should be monitored frequently,
especially during the list phase. Also of critical im-
portance during low witcr depth in the nurse ry is the
risk of prcd ation hy <iqu<itic birds. It is vital that there
be personnel armed with shotguns present at dawn
on the nursery banks to discourage bird predation.
Predatory birds include the cormorant, heron, egret
and common seagull. A cormorant may consume
half it» body we ight pcr day. If thc bird weighs 1.5 kg
it could concievahly consume almost O.fl kg of juve-
nilv shrimp. It the juvcnilvs weigh 0.6 g each �,700
juveniles/kg!, one bird could con»umc almost 1,360
juvenile». A» many as 20 birds feasting in onc nursery
h<i» drastic vconomic repercusions. This necessitates
the implvmcntation of an aggresive predator control
str<ategy during the final stages of <inv transfer op-
eration.

Juvenile transf'er qIIantifications
When <a pproximately 5 kg of juveniles h<avv been

«xtract»d from th» harvest box or the seine net, they
,lrc deposit»d in a plastic box, and as mentioned
before, the water i» allowed to drain for 15 seconds.
During this short timv, the technical staff should
observe tile juveniles in thv box and extract all debris
and pr«dator». Since qu<antification of juveniles is
performed hy weight, the vxccss weight of debris and
predators will distort the real w»ight of juveniles
being transferred. In order to man<age a growout
pond economically and,accurately predict production
c»timatc», it i» essential th,lt the Illo»t accurate juve-
nilv tran»fcr v, eight measurement b» obtained.

When the majoritv of the water has been allowed
to dr<ain out and all debris and prcd<itors have been
rcmovvd, thc pl,l»tic hox containing juveniles should
bc weigh <d on a dial balance scale  Plate 38!. The
weight ot thv plastic box is subtracted and the net
weight of thv juveniles is recorded before introduc-
ing thc juvenile» into the transportation containers
 described prvl iously!.

From cvvry  >0 kg of juveniles weighed, the tech-
nical stat'f should take a relatively small sample in
order to be able to calculate the number of juveniles
per kg  I'late 44!.

An exampl«of »ample frequency during an aver-
age transfer tollow»:

i.e, � A O.H ha. nursery that contains 1,120,000
juveniles wvighing an average of 0.80 gms each, will
contain a biom,l»» ot 896 kg. If weight samples are
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Plate 44. Weiglzi>zg~ si»all, ra>zzlo»z, rq>re»e>itntiz>z sample of
j «z>e>iilis ti»leter>iiiiie»iir»l>er of jiiz>i »iles l>i > kilog~rrzi».
Sai>i pl>' size al>proxi»>at> lit 0.25 kilos>»>i»,

extracted and calculated for every 90 kg of transferred
juveniles then a total of 10 weight samples should bc
taken during the course of the entire transfer.

Transfer in a properly constructed 0.� ha nursery
pond should take bctv een six to 10 hours.

Juvenile transfers are quantified �! by species
classification and �! by size classification. I3oth tac-
tors are monitored and calculated from the»arne
random sample.

Culture species segregation
Peiiaeii» <>a>»iai>iei is the predominant commer-

cially cultured specie» on the Pacific coast of the
Americas. Peiineiis stillirostri» is of secondary impor-
tance as certain viral pathogens preclude their im-
portance in the. commercial sector. I'. ocei>le»tali» and
P. califor>zie»sis do not adapt well to large scale com-
mercial operations and, a» a result, do not make up a
significant part of commercial production.

Although all four species are found in the natural
environment and actively compete for space and
availablc feed, P. i>ceiileiitnlis and V. ezzlifor»ie»»is
generally disappear from the population ~ hcn they
weigh between 11 and 15 g. This natural selection
process is not completely understood, although it is
strongly suspected that thc competitive environment
found in a commercial production pond is morc
congenial for I'. oaiiiin»iei and P. »titlin>»tris and,
therefore, these are the predominant species harvested
in the classification of 26-30 through 36-40 count size.
Using culture strategies of lower stocking densities
and smaller harvest target sizes, V. occik'»tali» and P.
calif>>r»ie>isis have performed rather well and show
commercial feasibility. However, since the majority
of commercial operations are designed for higher
stocking densitic» and smaller harvest target size or
lower stocking denisites with larger harvest size,
these two species are not considered as attractive lor
commercial production.

Veinieii» stitli rostris ad apts well to commercial pond
design and criteria but is hampered by its vulnerabil-
ity to the IHHN virus. This viral pathogen can com-
pletely wipe out the population at the juvenile as ~ ell
as the postlarval stages in production hatcheries.

Unless P. »tztlirostris utilized in commercial op-
eration» can be guaranteed to be virus-free, survival
in nursery and growout ponds will be, at best, in-
consistent and unpredictable.

There has been limited success in many com-
mercial operations with mixed stocking stratcgie» of
N! percent P. z>niiiia»iei and 20 percent P. »titlirostris.
Thi» strategy is generally employed where there is a
relativclv short supply of P. <>aiiiin»iei and an abun-
dant supply of V. »titlirost>i». In this particular case,
the operator assumes the probable risk of losing 20
percent of the P. »t«lirostris forecasted, but is rela-
tively sure of maintaining thc majority of the P.
z aiiiia»iei population for harvest.

As mentioned above, the majority of commercial
facilitie» choose to produce P. i>a»»a»zzi for its com-
mercial adaptability and survival performance. Al-
though V. <>aii>ia»iei is specifically vulnerable to the
Hzzez iili>z i riis l>i iiaei  B.P. virus!, it can be screened for
this virus with wet squash mounts under light mi-
croscopy. This results in relatively viral-free P.
zniiiia»i<i postlarvae if this screening technique. is
utilized in commercial hatcheries. IHHN, on the other
hand, i» somewhat morc difficult to screen for.

During the juvenile transfer process, the number
of P, z>n>i»ii»iei juveniles transferred must bc calcu-
lated. Thc other secondary species transferred into
the growout pond are not considered in the exercise
~>f production torecasting or harvest estimates, but
must bc considered for overall pond management
»trategics in terms of culture densities, feed rates and
svater management.

It is important to understand that P. z>a>i>ia»i>i i»
the predominant species and the number of V.
z>aiiiiniiii'i juvenile» transferred will be used as the
basis for the production harvest estimates, however,
management strategies implemented during thc
culture cycle may be influenced by the total biomass
of all four species of shrimp.

For every 90 kg of juveniles transferred, it is
zzeccs»ary to extract a random sample of approxi-
rnatcly 0.25 kg to be classified by species and inde-
pendently by weight. In theory, for transferral of <zny
nursery that contains juveniles with an average weight
of 0.� grams, a 0.25 kg random sample will contain
approximately '310 juveniles that must be segregated
by»pccies. Once the juvenile» are segregated and
counted by individual species, the respective per-
centage of each species can be calculated.

There are a variety of methods utilized for idcnti-
tying the different species. Aside from body and
antenn<ze coloration, the most practical method is by
the rostrum shape and configuration.
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I. Penaeus vannamei

II. Penaeus stylirostris

III. Penaeus occidentalis

IV. Penaeus californiensis

a.

b.

a

b

a.

b.

Rostrum: The tip of the rostrum projects slightly
past the eyes. The dorsal edge of the rostrum
presents between 7 and 9 spines. The ventral
edge of the rostrum has two spines that are
located anterior to the first of the dorsal spines.
Body coloration: Predominately white with
yellow tones. Generally not highly pigmented.
Antennae are dark red.

Rostrum: Is relatively long and curved up-
wards. The first one-third of its length does not
present spines on dorsal edge. Dorsal edge of
the rostrum contains between 7 and 9 spines.
The ventral edge of rostrum has between 4 and
5 spines.
Bodycoloration: Predominantlyblueish-white
with heavybody pigmentation. Antennae vary
from greenish to violet.

Rostrum: Is generally very long and curved
upwards. The dorsal edge has 9 to 10 spines
that reach almost to the point of the rostrum.
The ventral edge has 4 to 5 spines.
Body coloration: Generally white with a large
amount of pigmentation that is readily ob-
served. Antennae are dark.

Rostrum: Is relatively short and does not extend
past the eyes. The dorsal edge is curved
downward and has 9 to 10 spines that almost
reach the point of the rostrum. The ventral
edge has two spines.
Body coloration: Generally white with large
amount of pigmentation that gives a slight
appearance of darker brov n lateral bands.
Antennae are dark.
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Fig»re 16. Ttq>ical pop»latio» sizz <li»tril>«tio» for >t»r»ent
ptrp»latio>ts stocked zvi th zvild-capt»> t d po»tl>zn>ae.
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Fight>re 17. Tttpical popttlatit»z»i e «'i»trih>ttio» for >t»r»enl
pop»latio>zs stockedzvith hatcl>ent po»tlarz>ae prod»ced fro»>gravid fe»zale». 0. 5  i.
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Fig>>re 18. Voptdatio» sizz' di»tril>tttit»t for tzvo disti>tct
pop»latio>t» i» tile»a»te >>ttr»en/ pond.

A brief outline and key for the general features of
each specie» i» on page 48  adapted from Yoong and
Rvinoso, 1983!.

This guide. can be used as a general and relatively
accurate key for identification of the various species.
As»xp»rience i» obtained, the process will bc easier
to perform quickly.

Once the r»spective percentages have been calcu-
lated for each species, the data are recorded on "Ju-
venile Transfer Stocking" sheets  Figure 15!. Note
that calculations are performed for approximately
every 90 kg of juveniles transferred. This is necessary
to maintain accuracy and becomes more critical during
the segregation by size stage  next section!.

Juvenile size segregation
The size distribution ot most populations can be

represented by a bell-shaped curve. Although nurs-
»ry ponds are scheduled for juvenile transfer ac-
cording to the average weight of ju veniles within the
nursery, there i» generally some size disparity within
the population.

Juveniles that originate from wild captured
po»tlarvae generally show a wide range of size dis-
parity a» a direct result of the great variability of
postlarval ages captured in a natural estuary eco-
»ystem.

Juvenile» that originate from hatchery-produced
postlarvae of wild-captured gravid females generally
demonstrate less size disparity because all of the
original postlarva» are of similar age and background.

Both of thc above described situations generally
reflect a monopolar distribution curve within the
population  Figures 16 and 17!.

The population size distribution within a nursery
pond may become more complicated with a bipolar
distribution pattern if the nursery pond has been
stocked with two different batches of postlarvae with
a wide time separation between the two stockings.
fhi» would result in two distinct populations of
juveniles in the nursery pond  Figure 18!.

There is an interesting phenomenon associated
with the growth responses of juveniles from some
maturation»tock. Although this phenomenon is not
always manife»ted, often the population may segre-
gate itself, a certain percentage of the population
remaining small as "runts," while the majority will
reflect normal growth responses  Figure 19!.

Although th» reasons for the bipolar size distribu-
tion pattern in the population is not yet understood,
it is suspected to be a result of infection with the
lHHN virus. IHHN infected P. z>a>t>tat»ei have been
strongly associated with runt-deformity syndrome
 RDS!, which has been suggested as the putative
etiology  Brock, personal communication!. The
prevalence and»»verity of IHHN infection is higher
in stunted as compared to non-stunted cohorts within
these populations. Other etiologic factors that have
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been suggested to cause ICDS include exposure dur-
ing larviculture to antibiotics and unidentified nutri-
ent deficiency in maturation broodstock, as well as
possible genetic defects.

Size disparity patterns within any set population
constitute the primary reason why the calculation of
the number of juveniles transferred cannot be per-
formed by a straight mathematical formula based on
overall average weight. It may not be accurate to
assume, for example, that since the average weight of
the juveniles in thc nursery is 0.80 grams �,250
juveniles/kg!, the transfer of 90 kg of juveniles �,250
juv/kg x 90 kg ! will result in 112,500 juveniles having
been transferred. This straight mathematical approach
does not take into account the very real and natural
population size distributions explained above.

In order for the biologist to arrive at the most
accurate data possible in reference to thc number of
juveniles transferred, thc calculation process should
be modified to take size disparity within thc popu-
lation into account. This concept will help evaluate
the final nursery performance in terms of survival of
postlarvac to the juvenile stage as well as serving as
a better basis for pond grow out production estimates.

To explain the correct mathematical calculation of
juvenile transferred, it will be best to sho~ a real-life
example and compare the results with those obtained
from a straight forward mathematical calculation
without considering size variations within popula-
tion.

Example:
Suppose a random sample of juveniles is ex-

Avcragc % <»ght

Figaro 19. Vhenontenal grozoth differentiation in popnlation
<listribntion of'sinne »»at»ration sonrce postlarz~ae.

tracted from the transfer harvest box. This sample
weighs approximately 0.25 kg   precise net weight on
triple beam balance = 240 grams !.

Juveniles are then spread out on a clean surface
and visually segregated according to size into two or
thrcc group». At a nursery with exaggerated size
disparity the juveniles may be segregated into three
distinct groups  Plate 45!, while at a nursery with
minimum size disparity they may be segregated into
only two groups. In this example, three distinct groups
have been visually segregated and each group has
been weighed separately in order to establish the
average weight of each juvenile for each individual
group, as follows:

Group weight Juveniles/group Average weight/juvenile
120 g 800 juveniles 0.15 g/Iuventle

40 juveniles 0.75 g/juvenile
90g 35 juveniles 2.57 g/juvenile

240 grams 875 juveniles
The percentages of the total sample of each group are as follows:
Group 1 represents 50.0 percent by weight of the total sample �20 g �: 240 grams x 100!
Group 2 represents 12.5 percent by weight of the total sample
Group 3 represents 37.5 percent by weight of the total sample
Since group 1 juveniles weigh an average of 0.15 grams there are: 1,000 g/1 kg x 1 juvenile/0.15 g = 6,667

juveniles pcr kg.
In summary:

Group 1
Group 2
Group 3
Total

Group 1 50.0'i< x 90 kg x 6,667 = 300,015 ju veniles
Group 2 12.5'i< x 90 kg x 1,333 = 14,996 ju veniles
Group 3 37.5% x 90 kg x 389 =

Total of 328,140 ju veniles
transterred in the 90 kg batch represented by the random sample

If, on the other hand, thc mathematical calculation did not take into account the size distribution pattern
observed in the sample, thc result would have been as follov;s:

240 gram sample �: 875 juveniles = an average weight of 0.27 grams/juvenile
1,000 g/kg �: 0.27 grams/juvenile
'3,704 juveniles/kg x 90 kg transferred =
333,360 juveniles transferred
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Plate 45. Size disparity segrega tion ofj t neo»i les fr om ra > odom
sample. Notice three distinct size groups zvithin err»zple.

The results of the two distinct methods for calcu-
lation clearly express the potential for error within
this critical procedure. The calculation incorporating
the size distribution concept is the most accurate
method for estimating the number of juveniles
transferred or stocked into a growout pond. If the
second, more simplified method had been used; a
stocking error of as much as 1.5 percent more for each
90 kg batch would have resulted. For an entire nursery
pond transfer, the 1,5 percent error per batch may
represent a 9 percent error. This error could influencv
management strategies of the particular growout
pond causing possible overfeeding or increased wa-
ter exchange resulting in poor watvr quality or slower
growth rates.

These calculations, incorporating the population
size distribution factor, becomes more important
when the pattern of juvenile activity is analyzed. In a
normal nursery transfer harvest, the larger juveniles
are generally captured during the first half of the total
transfer time. The smaller juveniles, being less ag-
gressive and exhibiting a diminished migratory be-
havior, will generally be captured during the latter
phase of the nursery harvest. As a result, it is inaccurate
to assume an overall average weight for the entire
duration of the nursery transfer, since there will be a
significant difference in average weight during the
first half as compared with the last half during har-
vest.

The calculations presented in the example should
be well documented in the "Transfer Field Work
Sheets" shown in Figure 20 and the summarized data
should be recorded on the juvenile Transfer Stocking
sheets shown in Figure 15.

Time is a limiting factor for most juvenile trans-
fers. The random samples taken for approximately
every 90 kg of juvenile batches harvested during the
process sometimes cannot be accurately analyzed at
the time of sampling. When this occurs, it may be

necessary to take the routine customary random
samples for each 90 kg batch and store them indi-
vidually in plastic bags for analysis when time per-
mits. In this case, it is necessary to keep the juveniles
moist with pond water in the bags, or to keep them on
ice so that weight will not be lost due to dehydration.
The individual bagged samples should also be ac-
curately tagged to correspond with the respective
batch that thvy represent.

Although the juveniles do not necessarily have to
be alive for an accurate analysis of the sample, they
must accurately represent live specimens in regards
to the weight analysis, so high humidity storage is
critically important.

Juvenile Transport
There are many ways to transport juveniles to the

growout pond safely and with minimal stress. The
selection of the method depends on the total distance
of transportation and its duration.

The main criteria underlying the selection of the
mode of juvenile transportation is to effectively mini-
mize stress. The major physical parameters that can
be managed are a» follows:
1. Minimizing the time of juvenile holding and

transport.
2. Clean holding tank water.
3. Heavy oxygenation of holding tank water.
4. Holding/transport tanks filled to the upper neck

with v ater to minimize wave action within the

tank, and
5. Conscientious mechanical handling of the juve-

niles in terms of biomass weight per liter of water
and the minimizing of possible net damage to the
juveniles.
If the nursery is conveniently located adjacent to

the growout pond destined to receive the juveniles,
the transfer process is tremendously simplified and
the design and logistics of transportation are greatly
facilitated. Thv entire sequence of steps described in
the previous section should be adhered to. This op-
eration is readily performed by transferring the juve-
niles in the same plastic box with fine mesh � mm!
lining on the inside. One advantage of using plastic
boxes is that the weight of the juveniles contained in
each box  approximately 2.5 to 5.0 kg! is distributed
over the entire surface area of the box's bottom. If the
juveniles were transported in a bag net or other
container, the weight of the juveniles would be con-
centrated in a relatively reduced surface area and
physical damage to juveniles as well as undue stress
would result.

Since the distance from the adjacent nursery to the
growout pond i» relatively short  �0 m!, the trans-
portation can bv. performed by personnel on foot.
Care should be taken to ensure that the personnel
maintain a fast pace during this operation. It is not
considered to be detrimental to the juveniles if they
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are kept for less than one minute within the plastic
transport boxes during the entire procedure.

One minute is the maximum amount of time that
the cephalothorax  which houses the gill cavity com-
plex! can retain water. Care must be taken to cover
the top of the plastic box to keep juveniles from
jumping out.

On most farms, the nurseries are concentrated in
one or more locations. Although this design is gen-
erally more labor intensive in reference to juvenile
transportation, it is generally easier to manage. With
nursery ponds centrally located, one person can be
given responsibility for disinfection, preparation,
acclimation and nursery stocking of postlarvae. That
person's efforts will be concentrated on a relatively
small area and his/her time v ill be more efficiently
utilized. Receiving, acclimating and stocking
postlarvae can all be performed in one centralized
area. If the design and implementation of transpor-
tation are carried out conscientiously, the stress im-
posed on the transported juveniles may bc signifi-
cantly reduced and result in a transportation mortality
of less than 2 percent.

Any juvenile that must be transported during
more than two minutes should be moved in clean,
oxygenated water. Special transport tanks are de-
signed so that physical damage to the juvenile as a
result of violent wave action is reduced. These
transport tanks can be drained by gravity flow through
10 cm gate valves and be quickly refilled with clean
pond water for the subsequent shipment.

During transfers, the most time consuming factor
is actually transporting the juveniles over the dikes
from the nursery pond to the growout pond. This is
the principal bottleneck regardless of whether juve-
niles are transferred by land over the pond dikes or
by boat in the reservoir canals. It is generally more
efficient to incorporate the use of two or morc transport
vehicles during the operation. While one vehicle is
transporting the first batch of juveniles, the second
vehicle can be loading the second batch. Thc more
vehicles used during the operation, the smoother it
will go.

Although there are a multitude of designs for
juvenile transport tanks, the one generally used has a
capacity of 1,2001iters �.2 metric tons! of water. The
tops of the tanks have a box-type neck that the water
level reaches when the tank is full. Wave action will
be minimized by this type of neck  Plate 46!. Sine»
pond dikes are rarely free of ruts and rough surfaces,
the violent wave action within tanks during thc
transportation must be controlled. By filling the tanks
up to the top of the box-type neck, all wave action will
be limited to this restricted area where there should
be few juveniles. Since juveniles are benthic-oriented,
their concentration will be on the bottom and walls of
the tanks.

Two tanks can be hauled in each truck  depend-

Plate 46. f«z>c nile transport tank zz>itlz box-tztpe neck to
n>i«in>izezz»zz>eaction. Tanki» constr«cte>t of«>olde>t polzte»-
ter l>lastic zz>itt> 7,200-liter capacitz/.

ing on the weight capacity of the vehicle!. The tank
water should be changed for every shipment of ju-
veniles. The water utilized for the transport tanks
should bc from th» juvenile nursery being transferred
 harvestcd!. Since thc juveniles being transported
will already be stressed, it is desirable that no addi-
tional stress bc caused by chemical, temperature, or
salinity differences that may exist between nursery
water and growout pond water.

To reduce the impact of stress to the juveniles
imposed by retaining them in thc transport tanks
until the tanks are transferred, pure oxygen should
bc continously bubbled through thc water. A high
concentration of D.O. in the transportation water will
help reduce the lactic acid accumulation within thc
juvenile muscle tissue, which is a direct response to
stress. By maintaining D.O. measurcm»nts above 7
ppm, the concentrated juveniles should not bc det-
rimentally «ffcct»d during the holding and transpor-
tation periods.

Transport« tion of ju veniles on land, over the dikes
or by boat in the reservoir canal should be limited to
a maxlmunl of 30 to 45 minutes. Even when transpor-
tation time is less, thc tanks should be accompanied
by one person from th» technical staff who ensures
that moderate speed is maintained over the pond
dike» to control violent wave action. The represen-
tative should also closely monitor the amount of pure
oxygen bubbling through the system and maintain it
at adequate levels. The technical personnel should
closely observe the deposition of juveniles within the
hauling tank and into thc pond, closely monitoring
juveniles as water level in the tank is lowered for such
characteristic» as actively jumping, white tails, le-
thargic behavior, ctc. These should be observed with
thc assistance of a seal beam light.

Thc transportation tanks, if filled properly with
fresh water from thc nursery pond and maintained
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with high levels of D.O.  ! 7 ppm!, can be loaded with
23 to 32 kg of live juveniles per 1,200 liter tank. This
loading density of 26.5 grams of juvenile per liter of
transport water is acceptable as well as physically
practical. Assuming that the average weight of the
juvenile population during the transfer operation is
0.8 grams per juvenile, this would result in a holding
capacity per l,200 liter transport tank of a lmost 40,000
juveniles or 33 juveniles per liter of water. During an
average transfer of one nursery pond over 6-8 hours,
this would involve the utilization of 30 tanks during
the course of the night. If four tanks are used, trans-
ported by two vehicles, each vehicle would make
eight loaded trips to the growout pond during the
entire transfer.

Since ambient water temperatures are relatively
elevated �6 to 29'C! it is critically important that the
D.O. levels, transport elapsed time, and clean water
all be within optimal levels. If there are variations of
these three factors from the norms described above,
elevated transport mortality may result either from
stress or from physical damage, which in turn may
cause cannibalism.

Although the biomass holding capacity and
transport densities for live juveniles described above
are relatively high, they are considered to be a com-
promise with the practical logistics involved in
transportation. Lower densities for transportation
would certainly be more attractive from a technical
viewpoint but would undoubtedly cause logistical
problems unless many vehicles were used for the
operation.

Pond dispersal ofjuveniles
In order to monitor the success of the transfer

operation, there are two mechanisms employed that
serve as quality indicators for the operation.

The first of these two indicators is designed to
directly monitor the number of juveniles that did not
survive the transfer process. This method incorpo-
rates the use of a 7m x 7m 1/4 inch mesh net placed
on the bottom of the growout pond at least 3 meters
from the pond's shoreline  Plate 47!.

Juveniles are drained by gravity from the trans-
portation tanks by a 10 cm diameter flexible hose
directly over the center of the 49 m net placed on the2

bottom  Plate 48!.
During the course of the day following each pre-

vious night's transfer operation, the net should be
lifted out of the pond and dead juveniles should bc
weighed  Plate 49!. The gross weight of dead juveniles
is then recorded on the Juvenile Transfer Stocking
sheets  Figure 15!. This weight should be subtracted
from the previous night's gross pounds transferred
in order to calculate the final net number of juveniles
transferred during the previous night.

The theory behind this method assumes that those
juveniles that arrive in lethargic or damaged condi-

Plate 47. Seven meter by seven meter bottom net to monitor
transfer mortality at eight hours post transfer,

Plate 48. C ravity stocking juveniles from transport tanks by
10 c»i tu~se directly in the center of 7 meter by 7 meter
nrortali ty net placed on groroout pond bottom.

Plate 49. Collecting previous night 's transfer mortality on 7
nteter by 7 nteter mortality net. The mortality ntust be
qitattti fied and siIbtracted front gross poundage.
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Plate 50. Twenty-four-hour juvenile survival bucket test
performed in replicate. Each bucket contains 30 juveniles.
Notice hinged tops to prohibit j urnpi»g out.

tion will remain on the net after being stocked in the
growout pond and die before swimming past the 49
m area of the net. Although this ma v not be the actual2

case, and some damaged juveniles may swim off into
the growout pond to perish outside the nets bound-
aries, the method serves as an indicator and dead
animals can be subtracted from the quantification of
the previous night.

The second method used as a quality indicator is
the survival bucket test. This method is very similar
to the test conducted when stocking a nursery pond
with postlarvae described in Chapter 7. It consists of
placing 30 juveniles within the enclosure of a survival
bucket. This test should be conducted in replicate and
each survival bucket should contain 30 juveniles
 Plate 50 !. Twenty-four hours after the previous
night's transfer, the buckets should be monitored
and all live juveniles should be counted in order to
calculate the survival percent for each individual
bucket. The average should then be calculated and
this value recorded on the "Juvenile Transfer Stock-
ing Sheets"  Figure 15!.

The result of survival calculations in this test are
not used in the final number of juveniles transferred,
as is the case with the 49m net test, which does

2

influence the net quantity of transferred juveniles.
The 24-hour survival test should be used strictly as an

Plate 51. Tran.< port tank discharge gate vah>e should never be
operated in less tha» half ope» position. The resistance to flow
is significantly increased as th» opening is decreased.

indicator of the quality of the transfer operation.
Both of these tests should be used as management

tools to assess transfer procedures. If the outcome of
either shows a significant incidence of transfer mor-
tality  
 percent! for the previous night's transfer,
measures should be taken to correct deficiencies of
the operation. If all the transfer requirements are
adhered to properly � for example, clean and oxy-
genated nursery water in filled transport tanks and
23-32 kg of live juveniles per 1,200 liters of water-
and there is still high mortality, then it may be neces-
sary to reduce the transport densities by 40 percent
�4-18 kg/1,200 liters!. It may be possible that juve-
niles within the nursery pond are subjected to stress
due to water quality or a pathogen, in which case the
additional stress involved in physical manipulation
of transfer may cause elevated mortality. The objec-
ti ve is to reduce the amount of physical stress inherent
in any quantified transfer operation. If greater caution
is exercised in all phases of the operation, from ex-
tracting juveniles in the harvest basin box to dispersal
of juveniles within the growout pond, then survival
performance for transfers should be significantly
improved.

One source of physical damage to the juveniles
may be th» effluent drainage gate valve at the bottom
of the transport tanks. This 10 cm gate valve should
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never be opened less than half-way. A fully open gate
valve offers the least amount of resistance to flow
when compared to <any other common valve  Mott,
1972!.

When discharging juveniles into a growout pond,
thc gate valve may not be operated at the fully opened
position since this may result in too high a discharge
velocity and would constitute a potential cause of
damage to juveniles. If the gate valve is operated at
three-quarter» to onc-half open  Plate 51!, the corre-
sponding resistance to flow is acceptable for juvenile
discharge.

When the transport tanks have arrived at the
growout pond, a 10 cm flexible hose or rigid PVC
pipe should be attached to the 10 cm drainage gate
valve on the transport tank. Onc man should walk the
mouth of the flexible hose or pipe into the growout
pond and position it on the water surface of the
growout pond, exactly in the center of the 49m-'
netting.

The person controlling the flexible hose should
observe thc reaction of the juveniles being dispersed
into the growout pond. Signs of erratic swimming
behavior, opaque coloration in the tail muscle, or
morphological damage in juveniles should be re-
ported. Any of these signs strongly indicate the
presence of elevated stress. Discharged juveniles
should quickly swim away from the discharge flow
of water and to the bottom. Since transfers are per-
formed during the night, the person in charge of the
discharge hose should use a seal beam light to observe
the juveniles' behavior pattern. Prolonged swimming
on the surface is another common sign of stress, and
comes from disorientation.

Pure oxygen entering transport tank water should
only be turned off when the transport tank is com-
pletely empty. An extra 210-liter barrel of water on
the transport vehicle with a 10-liter bucket should bc
used to flush out any juveniles remaining on the tank
bottom. When the discharge has been completed, the
vehicles should return to the nursery and the trans-
port tanks should be refilled with water from the
nursery being transferred using a 5-centimcter pump.
This water should be relatively free of debris, and, if
possible, should be passed through a bag filter  Plate
52!. Pure oxygen should then bc bubbled through the
water while the tanks are being reloaded with live
juveniles.

When excessive numbers of juveniles are being
harvested and transport tanks cannot keep up, it may
be necessary to slow down harvesting by placing a
screen in the effluent gate of the nursery as described
in the section on Gravity Transfer Teclntiques or re-
placing an additional 10 cm down board to decrease
water flow. This should enable the transport opera-
tion to "catch up" with thc rate of juvenile capture.

When the survival rate is too low, or abnormality
is observed in the juveniles during the course of the

Plate 52. Filling juvenile transport tank with nurse~ water
passed through bag net to eliminate debris.

transfer operation, it may be necessary to select be-
tween six and 10 specimens and preserve them for
later analysis. Such abnormalities could be: opaque
or cramped tails, erratic swimming, stunting, defor-
mities and abnormal coloration. Also take a general
sample of apparently healthy juveniles when the
survival rate is low  �0 percent!. These specimens
should bc processed and preserved according to the
guidelines described in Chapter 11  Specimen Pro-
cessing and Preservation!.

To evaluate low juvenile survival rate, a histo-
logical study of affected specimens should be per-
formed. For this study tobe successful, it is important
to use proper preservation techniques and procedures,
and specimens selected must be alive at the time they
arc preserved.
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Chapter 10

Direct Pond Stocking

In some cases, it may be difficult to stock a pro-
duction growou t pond with juveniles from a nursery.
When this occurs, postlarvae should be stocked di-
rectly into the growout pond. It is less than ideal when
the quality of postlarvae is not well known, for the
obvious reason that poor survival may result in the
partial utilization of a relatively large growout pond.

There are, however, certain advantages to the
direct stocking method: First, labor intensity is sig-
nificantly diminished because the juvenile transfer
operation is eliminated; and secondly, mortality re-
sulting from physical manipulation of juveniles
during any transfer operation is precluded.

Direct stocking is sometimes an attractive a 1 terna-
tive when an accurate estimate ot the number of

postlarvae to be stocked can be reached. Furthermore,
this strategy can be implemented when the farm's
technical staff is relatively sure of the quality of the
postlarvae being utilized. The failure to predict these
two factors may result in inefficient management.

Since the inherent risks involved in direct stock-

ing are generally higher than those in growout ponds
stocked with the "hardier" juveniles transferred from
nurseries, the postlarval counting procedures and
microscopic evaluation described in Chapter 7
 Voltz>netric Cozazts and Microscopic «ssi'ssinent of
postlarz~ae!, respectively become extremely critical.
The direct stocking alternative is generally opted for
only when the farm either has no nursery ponds
available or when physical conditions in farm design
impede an efficient transfer operation; for example
when muddy dikes in the rainy season prevent land
transportation. A more conservative approach, such
as directly stocking smaller ponds, will minimize the
risks and potential for catastrophic results. The fail-
ure or poor survival of shrimp in a 20-hectare, directly
stocked pond, is much more damaging than the
failure in a 6-hectare pond. So if the risk must be
taken, it will be necessary to implement a sound
strategic plan, deciding which ponds are most appro-
priate for this alternative.

All previously described procedures in the cat-
egories of pond disinfection, preparation, fertilization
and weir gate configuration  board and screens!
should proceed without variation. Predator control
procedures  drying out and chlorination! during pond
preparation become more important because
postlarvae are more susceptible to predators than are
juveniles. Postlarval acclimation and stocking pro-
cedures for nursery ponds should be adhered to as
described in Chapter 7 and 8, respectively. Directly
stocked growout ponds should be managed simi-

larly to stocked nursery ponds, including the pre-
liminary feeding of 20 kg per hectare  described in
Chapters l Pr< linzizznri/ Feedi>zg] and in Chapter 8! and
such monitoring systems as replicate survival bucket
testing.

The same "I<ecord of postlarvae stocking" sheets
shown in Figure 10 should be used for growout
ponds that have been stocked directly with postlarvae.

Screen Size and Water Management
Like a stocked nursery pond, the directly stocked

growout pond should have similar filter screens cov-
ered and sealed with empty feed bags on all weir
gates, both inflow and effluent, for seven days be-
ginning on the last day on which the pond received
postla rva e.

During the seven days when the recently stocked
growout pond is allowed to remain stagnant, the
farm biologist should make periodic inspections along
the downwind bank of the pond during the early
morning hours before wind activity increases. Dur-
ing these inspections, the biologist should be alert to
the presence of decomposing postlarvae as well as
molted carapaces and fecal casts. Any observations
should be recorded, particularly the presence of de-
composing postlarvae since this would be a signifi-
cant indicator that an extensive mortality has occurred
sometime after the stocking of the pond.

The biologist should also make periodic inspec-
tions of all weir gates in order to ensure that there is
no water leaking into or from the pond. The presence
of postlarvae on the effluent side of the filter screen
strongly suggests that they are escaping and imme-
diate action should be taken to confirm the proper
sealing of the screen.

After the seven-day stagnation period, the empty
feed bag seal» placed on all filter screens should be
removed, and the water exchange program should
commence.

As described in Chapter 8  Wnter Mnzznge>ne>zt nItd
Sorest Si-c!, a fine mesh filter screen �.5 mm! should
be placed over the 2 mm tilter screen for security, in
the event that an emergency water exchange is nec-
essary during the seven-day stagnation period. Once
the water exchange program begins, this fine mesh
�.5 mm! filter screen should be maintained in place
for two weeks. It may not be necessary to keep it in
place for three weeks as in the case of nursery ponds.
The objective of the 0.5 mm filter screen is to decrease
the number of potential predators introduced into
the pond  refer to the section on Weiz screezz cozzfig~iz-
nrtiu>z in Chapter 11!.
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This technique allow» the postlarvac to develop
and reach a size at which they will be more efficient
in escaping from predator». Generally, in direct-
stocked growout ponds, the density of postlarva« per
square meter is significantly lower than in nursery
ponds, resulting in improved growth.

After the initial two-week water exchange pro-
gram, this fine mesh �.5 mm! filter screen should be
removed, leaving the screen/board configuration
set-up shown in Figure 1  a 7 mm filter screen used in
conjunction with a 2 mm screen!. This filter screen
configuration should remain in position until thc
shrimp population has reached a minimum average
weight of 4 grams. When the average weight of the
ponds shrimp surpasses 4 grams, the 2 mm mesh size
filter screen  inflow and effluent! should be replaced
with a 7 mm mesh size screen. These screens should
remain in place until harvest.

All filter screens, regardles» of mesh size, should
be adequately sealed with the routine sealant mixture
"cebo" of animal lard and chalk as described in
Chapter 2  Dre/»ease»e eli»i»fectio»!. This sealant should
be continously maintained and renewed to eliminate
escape or unfiltered water entering the pond.

All screens in weir gates should be routinely
checked and inspected at weekly intervals to monitor
sealant and filter screen conditions. Any screen found
to be tom, ruptured, or in poor condition should be
immediately repaired or replaced and resealcd. Al-
though this operation should bc done on a weekly
basis, a more frequent inspection is preferable for
effluent filter screens since a large rupture in both
screens may result in population losses.

The routine water management schem« is d«-
scribed in the following chapter. This schedule is
strongly correlated with the total biomass weight in
the pond. Since direct-stocked growout ponds contain
relatively small biomass during the first two weeks in
relation to the total surface area of the pond, water
management should be limited to allow only 5 cm of
water to inflow over the level boards in each weir
gate. To maintain the proper operation level, the
amount of water allowed to flow into the pond should
be equivalent to the amount of water allowed to
drain. If water quality deteriorates during these ini-
tial two weeks, a significant increase in water exchange
may be necessary. If so, install a fine mesh �.5 mm!
semi-circular filter screen in front of the effluent weir
gate to prevent postlarvae from being forced against
filter screens during heavy drainage  Plate 53!.

In many instances, pond water level may decrease
during the initial seven-day stagnation period as a
result of seepage through improperly sealed weir
boards, normal surface evaporation and pond bottom
soil percolation. Water level should then be recu-
perated by allowing inflow through thc cntranc«
weir gates and by restricting drainage from the efflu-
ent weir gates. Once this is attained, routine manage-

Plate 53. Se»ei-circ»Ear pre-filter screen installed in front of
effleee»t gate to prn~e»t early postleen>ae frotn E~ei>eg forceel
agni»st »cree»» deeri»g»lrong drai»etg~e.

ment of 5 cm of water flow over control boards
should be maintained. If the growout pond contains
two inflow v eirs and only one effluent weir gate, the
equilibrium must be maintained by allowing 10 cm to
drain over the effluent level boards, or in the event
the growout pond has only one inflow gate and two
effluent gates, 10 cm should be allowed to enter the
pond and 5 cm should be allowed to drain from each
of the two «ffluent gates assuming equal weir width
throughout.

Thi» water management strategy should continue
for a total of two weeks, to counteract the possibility
of stratification in the water column. By creating, a
slight curr«nt of water flowing into the pond and
richer wa tcr draining from the bot tom, the probability
of stratification is reduced. This is critical in shrimp
ponds since shrimp are characteristically benthic
 bottom dewcllers!. The majority of the shrimp's
activities occur in the bottom 10 cm of the water
column. Contamination in this reduced area by build-
up of metabolitcs and uneaten, decomposing feed,
may cause undue stress in early postlarvae and
contribute to low survival rates.

After the initial two week water exchange  three
weeks from the last day in which the pond received
po»tlarvae!, the 0.5 mm filter screens should be re-
moved from thc standard 2 mm screens and the
water e xchange program should continue according
to the water management strategy outlined in Chapter
11   Water Ma»agenee»t!.

As not«d previously, an emergency water ex-
change may become necessary during the initial
seven-day stagnation period. This is the primary
reason for the standard 2 mm filter screen overlayed
with the fine mesh 0.5 mm filter screen in both inflow
and effluent weir gates.

ln the untimely event that the water level has
significantly decreased for whatever reason, result-
ing in elevated water temperatures  >32'C! or an
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1 hectare

10 hectares

1 hectare 1 pond

~1k
1000 gm

~10 400 rams x
1 pond

excessive algal bloom causing decreases in D.O. con-
tent of the water during the night, it may become
necessary to initiate water exchange, even though the
postlarvae are so small that they may escape or be
damaged against the filter screens. Certain algal
blooms may prove stressful to postlarvae. Presence
of certain species of dinoflagelates and blue green
algae might necessitate water exchange during the
stagnation period. An intense green coloration or
burgandy red  red tide! should be flushed immedi-
ately to decrease algal concentration.

There are various strategies for controlling algal
blooms and the stimulation of specific algal species
within a pond. These are discussed in more detail in
Chapter 11  Hydrological Varantcters!, but they are not
recommended for recently stocked postlarvae in a
growout pond. The primary strategy in such situations
is reduction of the algal concentration by means of
increased water exchange. The amount of water al-
lowed to enter and drain in such an exchange should
be similar to that previously described � cm of water
over the level control boards in each of the two inflow
and effluent gates!.

Reduced Feeding Strategy
Generally, feeding for growout ponds stocked

directly with postlarvae can be significantly reduced
during the first two to four weeks after stocking. The
initial feeding strategyshould consistofa maintenance
distribution to allow the pond bottom fauna to
flourish. A practical feeding regime of 7 kg feed 
hectare/day should be carried out for maintenance
purposes since the biomass of postlarvae is small in
relation to the carrying capacity of the surface area of
the growout pond.

Depending on the production tonnage estimated
semi-intensive growou t ponds should be stocked at a
direct density of between 130,000 and 210,000
postlarvae per hectare �3-21 postlarvae/m~!. If the
biologist assumes a conservative estimate of 40 per-
cent survival from postlarvae to a target harvest size
of 23 g average �6-35 tail count classification size!
production targets of 1,200 and 1,950 gross kg/hectare
may be achieved. An example calculation follows:
1. 130 000 estlarvae x 40% survivalm 5~2000 shrim

1 hectare

1 hectare 1 shrimp 1000 gm 1 hectare
Although this example reflects a relatively high

total biomass when the pond is near harvest phase,
the following example, in a recently  direct! stocked

growout pond, demonstrates the relative insignifi-
cance of total biomass. lt is difficult to efficiently feed
the total biomass over the relatively large area of a
growout pond when it has been recently stocked
with postlarvae.

The calculation shown below can be used to de-

termine the biomass of the pond at the moment of
stocking, if one assumes that the average weight of a
10-day old postlarva recently stocked averages 0.008
grams and the growout pond surface area is 10
hectares.

To feed 10 kg of postlarval biomass effectively in
a 10-hectare pond, it is necessary to feed according to
area and not in relation to biomass. Most feeding
strategies are calculated according to biomass weight
and result in higher efficiency. Elowever, initial
feeding strategies should be based on area because of
the small biomass.

Thesecond reason fora strategy ofreduced feeding
in directly stocked ponds is related to stocking den-
sity. Due to the relatively low stocking densities of 13
to 21 postlarvae per square meter, the stocked
postlarvae twill have an ample supply of the benthic
biota on which to graze. A wide spectrum of food
organisms will ensure a morc balanced diet from
natural sources and will reduce feed cost.

Since feed costs can make up 40 percent of pro-
duction costs, it becomes an attractive strategy to
reduce intensive feeding for as long as possible before
weekly growth performance is negatively affected.
For these reasons, directly stocked ponds should
generally be fed a maintenance ration of 7 kgs/
hectare/day until the population has reached an
average weight of 2-3 grams.

Once the shrimp population reaches an average
weight of 2 to 3 grams, the daily rations should be
calculated at weekly intervals. These calculations are
based on total shrimp biomass estimated in the pond.
The feed ration table in Chapter 11  Feed ratioir tables!
should serve as a guideline to establishing the daily
pond ration.

Feed dispersal in growout ponds should begin no
earlier than 1600 hours � p.m.! and the feed should
be spread over the entire pond surface area in a zig-
zag pattern similar to that described in Chapter 8
 Feedi i~g Stra ti gry!. Since feed is a signi ficant cost center
in semi- intensive culture operations, it should be
managed efficiently. Direct supervision is necessary
to ensure proper feed dispersal patterns. It may be
difficult to cover the zig-zag pattern in a 10-hectare
pond that has a daily ration of 120 kg of feed, however
under direct supervision the rate of dispersal can be

x 1~008 m = ~10 400 m
1 P.I . 1 poncl

10.4 kg in a 10-hectare pond
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increased or decreased at need to ensure that the
limited amount of feed is uniformly dispersed through
the entire pond area. The four wooden stakes, placed
equidistantly along each of the four sides of the
growout pond, will serve as directional guide» tor the
personnel in the feeding canoe as described in Chapter
8.

Shrimp populations are more active during the
late afternoon than mid-morning hours, and since
proper feeding techniques are labor intensive, the
frequency of feeding growout ponds is limited to
once per day. Unlike nursery ponds, which are fcd in
the early morning and again in the late afternoon,
feed application in growout ponds should start at
1600 hours � p.m.!.

With respect to the proper utilization of feed, care
should be taken to limit its dispersal nearer than 10
meters from all bordering dikes and at least 20 meters
from all effluent weir gates. This should reduce the
loss of feed on the dike slopes as a result of wind and
wave action on pellets that sink slowly or may bc
pulled to the effluent by the current of water being
drained.

Feed dispersal should b« limited to areas of thc
pond in which shrimp arc found, so sections of thc
pond with less than a 30-cm water depth should be
excluded. The following procedure will provide this
control.
1. While the growout pond is being prepared to

receive shrimp and is being filled with water, the
entrance  inflow! weir gate should be tentatively
sealed when the water level in the pond is 30 cm
under the standard operating level.

2. Any islands or pcninsulas along the shores of th«
pond that are exposed while the entrance gate i»
tentatively sealed should be identified.

3. Wooden stakes should be partially sunk into thc
pond bottom mud at 10-meter intervals all along
the peripheral edges of any exposed islands or
peninsulas.

4. The wooden stakes should be long enough to be
suffiently exposed on the surface once the water
level of the pond has reached its operation level.

5. The top point of the wooden stakes should then
be sharpened to a point so that it cannot be used
as a potential perch for predatory birds.

6. Once all exposed areas have been adequately
marked all along the perimeter, the entrance weir
gate should be unsealed and the pond allowed to
fill to its maximum operation water level.

This operation only has to be performed once
since well-placed stakes need minimal maint«nance
and do not affect harvests. Once the shallow zones
have been properly identified and marked, they
should be avoided during the zig-zag pattern of feed
dispersal. This practice should result in improved
feed conversions, particularily in growout ponds
with poor bottom topography.

Very little is known about the nutritional require-
ment of P. nail >u~mci and virtually nothing is known of
their nutritional requirements in an earthen pond
en' ironm«nt. In semi-intensive culture, it is generally
assumed that the majority of the essential vitamin»
and minerals as well as some of the amino acids and
polyunsaturated fatty acids are obtained from the
live natural biota within the pond.

Artificial pelletcd feeds that most adequately sup-
port optimal growth performance in early postlarvae
through juvenile stages should contain a relatively high
content of digestablc protein and fat. This supple-
mental feed should partially support the gross nu-
tritional requirements of shrimp, particularly during
the early stages when growth rate is accelerated.

This high protein/fat juvenile pellet, as described
in Chapter 8, is produced in a pellet size of 3/32"
diameter and as crumbles. The small diameter of the
pellet improves the acceptability for the small size
shrimp and contains more individual pellets per
kilogram, which facilitates better dispersal over the
pond's surface.

The pellet size and protein content of feed is
generally dictated by the average size of the shrimp
in the pond population. Although it would be more
ad vantageous to feed a small pellet with high protein/
fat content throughout the entire pond culture du-
ration, this is not always practical. The smaller 3/32"
diameter pellets cost more to produce as a result of
thc diminished production rate at the pellet mill. The
protein fraction of pelleted feeds is generally the most
cxpensiv«component of the diet. The nutritional
formulation of any feed should be such that the
protein fraction is not used as an energy source. The
less expensive nutritional constituents, i.e., fats and
carbohydrat«s, should be included in the diet in
sufficient amounts so that the shrimp metabolize
these to fulfill their energy requirements and a]l
availablc dietary protein is metabolized for growth
and tissue development. If the pelleted feed does not
contain an adequate supply or quality of energy, the
shrimp may partially metabolize dietary protein to
fulfill their energy requirement; this results in de-
creased feed efficiency. The following table should be
used as a guideline in establishing proper feed formula
schedules in relation to average shrimp size.

The gross nutritional profile for the 35 percent
protein feed ration is given in Chapter 8 and is similar
to that of the crumble ration. The following are the
gross proximate analyses for the larger 5/32" diam-
eter pellet ration, which contain less protein/fat.
Pellet diameter: 5/32" 5/32"
Prot«>n 25%o 20%
Fat 6%< 5%o
Fiber 4% 3%o
Ash 7% 6%o
Humidity 10'/o 10%
C ross Energy: 3,200 Kcal/kg 2,800 Kcal/kg
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Table 3. Feed ration recommendations in relation to average shrimp size.

Ration

Form

Percent

Fat
Size

Range  gms!
Percent

Protein
Approximate
Age  days!'

1 � 21 days 0.008 � 0.30 g crumbles 35 9
22-45 days 0.30- 4.0 g 3/32" pellet 35 8
46 -129 days 4.0 -18.0 g 5/32" pellet 25 6
130-170 days 18.0 -23.0 g 5/32" pellet 20 5

'Thc approximate age expressed in number of day» in the growout pond and how the days correlate with
the size range in grams are for the stocking densities of 160,000 postlarvac per hectare �6 Pl's/m2!.

Depending on the average weight of the shrimp
population, with the stocking densities described
above, these feed ration profiles should be able to
support weekly growth performance of between 0.8
grams and 1.2 grams.

Growth Monitoring
In directly stocked growout ponds, the weeklv

Pond Parameter Monitoring
Hydrological parameters in growout ponds

should be monitored twice daily. Each pond should
have two parameter platforms, onc located near the
inflow entrance weir gate and the second located
near the effluent gate. These platforms should extend
sufficiently far into the pond to reach a minimal water
depth of 60 cm  Plate 15!.

Thc same methodology for daily monitoring of
nursery ponds described in Chapter 8  Para»tete>
Ma»i tari»g~! should be applied for all growout ponds,
including such techniques as changing daily routes
to ensure that during the course of the week, all
ponds will have been monitored, at least once, in the
early morning �600 hours [6 a.m.]!.

Data should be properly recorded on the Hydro-
logical parameter monitoring sheets  Figure 12!.

Hydrological parameters should be monitored
within the bottom 5 cm of the pond. Measurements
recorded on the pond surface are not representative
of conditions at the bottom. D.O. and water tem-

peratures are generally not a problem since the oxygen
meter polarographic probe and the PVC-encased
glass thermometer, can be submerged to the bottom
for correct measurements. Salinity and pH mea-
surements present complications since the instru-
ments should not be completely submerged to the
bottom, so it is necessary to submerge a self opening
and closing plastic bottle to the bottom of the pond to
take an appropriate sample.

Stratification gradients have been observed in all
types of semi-intensive growout ponds and invalid
management decisions can be made if surface water
measuremcnts alone are used.

sampling ot' the shrimp population for growth should
begin two weeks after the last day postlarvae were
stocked. Although most of the shrimp at this time will
be small and, therefore, not captured by the cast net,
it is a prudent strategy to begin early sampling in
order to establish a subjective evaluation of the
population.

If thc shrimp are relatively large  -0.5 grams!
during th» first sampling  post two weeks!, it can be
postulated that there has been poor survival and the
resultant lower densities have stimulated increased

growth. The opposite can also be true since small
postlarvae can usually be scen escaping from the cast
nct on the surface of the pond. Factors such as low
frequency of capture and postlarvac escaping through
the mesh of thc cast net can be tentatively interpreted
as indications of good survival rates.

Once growth sampling begins, it should bc con-
tinued weekly. The same personnel should be em-
ployed to sample each pond. Scheduling of sampling
should be restricted to the early morning hours be-
tween 0630 and 1000 hours. Sampling later than 1000
hours should be discouraged since capture frequency
is reduced because shrimp burrow into pond bottoms
as water temperature increases.

Thc sampling pattern explained in Chapter 8
 Gnat th sa»it~li it e< tech»i<I»e! for nursery ponds applies
to growout ponds, except that in larger ponds, samples
should bc taken in the center area also. Sampling
canoes should make two diagonal crossings in the
growout pond, with four throws of thecastnct during
each crossing. The animals sampled across one di-
agonal can be grouped together in the plastic box
with 5 cm of water to keep them alive. These grouped
samples can then bc weighed together to establish the
average. weight of thc shrimp for each independent
diagonal. Unlike nursery ponds, which have a total of
16 weighing stations � stations for each of the four
sides of the pond!; growout pond» have a total of 24
weighing stations. Figurc 13  Growth monitoring
sheets! include» a space for the vveight analysis for
each respective diagonal crossing in the growout
pond. Unlike the shore-based stations whose samples
should be weighed and analyzed individaully at
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Table 4:. Standardized cast net dimensions for different average weight groups.

Small

0-0.8 g

Medium

0.9-5.0 g
Large

5.1-23 gAverage weight of shrimp

Cast net diameter

Cast net mesh size

6m6m

1.0 cm.

30 cm

1.5 cm-'

30 cm

0.5 cm'-

30 cmCast net pocket length
Cast net lead weight 6 lb» 8 lbs 10 lbs

each of the four stations on all four sides ot the pond;
the four samples taken for each diagonal crossing can
be weighed in one group.

The stakes placed along each of th» four side» of
the growout pond at equidistant intervals, which are
used as guide marker» for proper feed dispersal
patterns, should also bc used as sampling stations.

The personnel who operate the cast net during the
sampling operation should prepare the net for cast-
ing while standing outside of the pond on the bank;
he/she should then walk into the pond at each
sampling station, up to a depth of approximately 40
cm, and immediately make the cast. Thi» technique
should be standardized and directly supervised in
order to ensure that samples are taken at a 60-cm
minimum w ater depth. The objective of this sampling
procedure is to increase the capture frequency, adding
validity to the estimated average weight calculated.
Since the majority of the shrimp inhabit deeper wa-
ters, capture frequency and accuracy of weight cal-
culations will be reduced if samples are taken close to
the shoreline with less than 40 cm of water depth.
Furthermore, it i» important that the person taking
the sample prepare himself and his net adequately
before physically entering the pond, since shrimp are
sensitive to shock-wave» produced by a person walk-
ing through the pond. If cast net personnel are slow
to cast once they are in the pond, the majority of the
shrimp will respond to the shock-waves and move to
deeper waters. If the total number of shrimp captured
in 24 sampling stations is less than 100, then the entire
sampling operation should be repeated during the
night of the same day. The objective of this repeated
operation is to capture more shrimp in the»ample so
that average weight calculations will be more preci»e.
Night sampling procedures should begin at 2000
hours  8 p.m.!.

The reasoning behind such strict procedural con-
trols in sampling techniques is that this operation is
one of the few opportunities for the field biologist to
be in close contact with the shrimp population. It is
essential to achieve as much standardization in the
sampling techniques a» possible. If the same tech-
niques are consistently implemented and precautions
are taken to ensure standardization, then capture

trequency may be used as an interpretation tool for
making production forecast», for feeding strategies
and for implementation of water management tactics.
Although sufficient statistical evidence has not yet
been gathered to establish a mathematical formula
correlating capture frequency with shrimp densities,
it may be assumed that high capture frequency  >400
shrimp captured at 24 sampling stations! generally
indicates high survival. Likcwi»e, low capture fre-
quency  <200 shrimp captured in 24 stations! should
cause concern, and capture frequencies of less than
100 indicate, almost certainly, low survival rates.

Although capture frequency analyses are directly
related to stocking densities, shrimp size  weight!
and total pond surface area, if sampling procedures
are correctly standardized, each pond can accumulate
historical da ta over two or more culture cycles and be
independently evaluated in comparison with past
performance.

The dimensions of the cast net should also be
stand ardized in order to use capture frequency a» an
indicator tool accurately. Table 4 shows the different
cast net »pecifications to be used for the various size
 weight! ranges during the entire culture period.

These specifications are designed to be more effi-
cient in capturing shrimp. Larger shrimp are gener-
ally stronger and avoid cast net capture more than do
smaller sized animals. Thus, a larger mesh size and
heavier lead line will allow the cast net to sink more
rapidly to the bottom and result in a higher probability
of effective capture. Cast nets with diameters larger
than 3 meters are more difficult to manage and con-
»istently throw with an open arc.

The same weighing and species segregation pro-
cedures described in Chapter 8  Gr>»oth s»>»I>li»g
t< ct»>i>l»e! should be employed in establishing mini-
mum and maximum average weights. Care should
be taken to ensure that the triple beam balance is
accurately calibrated at each weighing station, and
that the tare weight of the wet plastic bag used to hold
the shrimp is accurately weighed and subtracted
from the total weight. The results of weekly growth
samples should be carefully recorded on the growth
monitoring sheets  Figure 13!.

The objective of complete coverage of the pond's
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Plant Classification  tail!Live  head-on! weight

41-50 tails/pound

36-40

13.8 � 16.8 gms

17.2 � 19.1 gms

19.7 � 22.2 gms

22.9 � 26.5 gms

27.5 � 32.8 gms

31-35

26-30

21-25

surface for growth monitoring is, in essence, to attain
the most representative picture of the shrimps' weight.
When the average weight of the population reaches
18 grams, the sampling procedure should include
segregation according to size. The captured shrimp
should be visually segregated according to three
sizes; small, medium, and large. They should then be
counted and weighed separately in order to establish
the average weight for each of the three classifications.
The different percentages and their respective weight
should be recorded on the growth monitoring sheets.

This modification of the sampling procedure is
made in order to establish the optimal harvest date
better. At times there may be significant differences
in product value from one size classification to another.
It is possible to ensure that the farmer will receive the
best price for his product by analyzing the various
percentages with their respective average weights,
and moving actual harvests forward or postponing
them. Table 5 represents the various head-on live
weight of commercial size shrimp and their ap-
proximate corresponding commercial classification
by tail count. This table assumes an average 66 per-
cent tail pack-out �4 percent of the live weight cor-
responds to the head!.

If no bipolar population distribution exists, an
average weight of 23 grams generally packs out with
60 percent of the population in the 31-35 tails per
pound bracket and 40 percent in the 26-30 class with
a normal bell curve distribution.

As an example, if the growth monitoring sample
results in an estimated size segregation percentage of
70 percent with an average weight of 23 grams and 30
percent with 19.5 grams, it would be prudent to
postpone the harvest by one or two weeks in order to
allow the 30 percent portion of the population to
acquire a minimum of 20-20.5 grams to fall into the
31-35 size and thus receive an increased value for the

final product.

Table 5. Live  head-on! weight and corresponding plant size classification.
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Chapter 11

In Progress Pond Management

Strict procedural controls in the management of
"in progress" growout ponds is rather difficult, for so
much depends upon the special nature ot each situ-
ation and on the biologist's response to it. However,
there are many instances in which catastrophic» can
be averted by simply maintaining routine culture
operations and developing specialized skill» for
coping with specific situations as the level of expe-
rience increases.

Semi-intensive growout ponds are generally
stocked at densities of between 40,000 to 150,000
juveniles per hectare �.0-15.0 juveniles/m-'!. Stock-
ing densities are decided by a variety of factors: cash
flow, farm water exchange capabilities, production
goals  kilograms and size classifications!, level of
expertise of the management team, and the availabil-
ity of adequate numbers of postlarvae, the last being
of critical importance.

Depending on the juvenile stocking densities in
the growout pond, the cycle may last from between
140 to 210 days when thc production strategy involves
a harvest target size of 26-30 and 31-35 tail count
classification. The success or failure of the harvest of

the growout pond are direct functions of the man-
agement decisions taken on a daily basis throughout
the culture cycle.

Careful and strategic planning should be a priority.
It should be clear that relatively fragile biological
systems in semi-intensive commercial operations are
being pushed close to their maximum limits, and
therefore, may crash within the course of a few hours
if the fragile equilibrium is not correctly managed.

This chapter will elaborate on certain basic guide-
lines to help the farm biologist maintain a productive
equilibrium during the culture cycle. There are seven
basic elements that influence daily management de-
cisions during the growout cycle. These are: �!
Routine water management, �! Weir gate controls,
�! Feeding strategies, �! Predator control, �! Hy-
drological parameter management, �! Routine
growth monitoring, and �! Assesment of benthic
fauna. Fertilization strategies were previously de-
scribed in Chapter 3 and should be implemented on
a routine basis as defined.

Management of in progress growout ponds
strongly depends on the production goals of the
farm. Strategies discussed here arc applicable to the
specific stocking densities described above and do
not entail major infrastructure investment, such as
mechanical aeration equipment, feed dispersal blowers
or other relatively sophisticated equipment that mav
predominate under intensive culture scenarios.

Water Management
Routine water management is defined as the cal-

culated amount of water, by volume, exchanged in
the pond on a daily basis. Since all growout ponds
should be consistently maintained at their prescribed
maximum operative level, any water entering the
pond should equal the amount of water exiting the
pond. The calculated volume of inflow water over a
24-hour period can then be divided by the calculated
total volume of water within the growout pond to
establish the percent of volume exchange for that
particular pond on that day.

Thc importance of a well managed water exchange
program can not be over-emphasized. In commercial
semi-intensive production operations, water is virtu-
ally thc most important factor in grow- out perfor-
mance. The objective of a water exchange program is
multi-fold, principally: �! drainage of water that
contains mctabolitcs of the resident population as
well as other organic build-up, �! introduction of
tresh, relatively clean water with renewed phyto and
zooplankton populations, and �! establishment of a
circulation pattern that contributes to water column
destratification.

Since the population of shrimp in a pond is re-
stricted in its ability to migrate to areas of improved
water quality as it might be able to in the wild, water
quality must be maintained in a productive equilib-
rium. Organic build-up within the pond must be
managed in order to ensure a healthy environment
for the confined population. As a direct consequence,
an economically feasible and practical approach to
the above stated requirements is a generous and
meticulously managed water exchange scheme.

There are many factors governing the water ex-
change capacity of the farm and of the ponds at any
given time. These factors include �! number of pumps
and their respective flow rate capacity, �! total number
ot hours within the day that pumps can operate in
relation to tidal variation, �! size of the entrance and

effluent weir gates, and �! the maximum operative
water level of the ponds.

Establishing pond operative level
Shrimp growth is directly affected by, among

other factors, water depth. Generally, the deeper the
growout pond, the higher grov th rate of the shrimp.
This phenomena is the basis for maintaining growout
ponds at their maximum operative water level.

If thc farm's topography is not consistent
throughout, the maximum operative water level must
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be adjusted to each particular pond. Thc first step is
to identify the lowest point of th« four dike» of the
pond. Once this specific area ha» been identified, th«n
the maximum operative level can be established at 30
cm below the crown of the lowest dike. Thc 30 cm of
"freeboard" on dike» is «stablished a»suming that thc
dikes are well constructed, of consistent, compacted
clay and are wide enough to resist wat«r prcssure
 Plate 54!. This decision must be mad« in th« field and
if the dimensions of thc dike are not adequate, it mav
be necessary to allow more "freeboard" for added
protection against rupture and resulting losse».

When the maximum operative level fora particular
pond has been tentatively established, this level must
be cross-referenced with th«maximum level ot water
in the reservoir canal. The reservoir canal water l«vel
must be at least 20 cm above the maximum operative
water level in thc pond so that water will gravity tlow
into the growout pond. If th«maximum op«rativc
level in the pond is les» than 20 cm b«low thc water
level in the reservoir canal, the pond'» operative level
should be re-establi»hed in relation to the maximum
water level in the reservoir canal �0 cm below!.

Once the maximum operativ«water level ha»
been established, each of the entrance and efflu«nt
weir gates should bc marked with triangles that hav«
been painted and nailed to the weir gate walls on th«
pond side to identify this level  I'late 55!. Thcs«
triangles should have the dimensions shown in Fig-
ure 21.

The objective of paint«d triangle» i» to readily
monitor pond water level. If the water lev«l is belo~
the triangles' bottom ap«x, the defici«ncy can bc
easily measured with a m«a»uring rod and accurately
recorded on th«water manag«ment sheet» in the
column headed "Water 1«v«l." If the pond'» water
1«vel is higher than its prescrib«d operative Icv«l then
the bottom ap«x of the triangle will be submcrg«d.
Since direct measurement is d ifficu I t i f the a pex cannot
be seen, one measures the distance b«tween ~ hcr«
the water level intersects either side of the triangl«.
Thc resultant measurement will bc how much th«
water level is above the prescribed op«rative level ot
the pond.

When the operativ«water level ha» b««n estab-
lished and marked on all weir gat«s, thc average
pond depth should be calculated. When the pond is
at its operative level the average pz>nd depth should
be used for all future references to that particular
pond. Fifty depth soundings should b«mad«, f<>I-
lowing a grid pattern five deep and 10 wide  I'igure
22!.

Once the depth sounding» have been made, the
average depth can be calculated for each pond, by
averaging all 50 soundings. Thc resultant average
pond depth then becomes the official numericalvalue
for the ponds operative level. Daily v ater levels are
recorded on the water management sheets in term» of

Plat> 54. Crozz»z of p»nd dike zoith 30 centi>neters of "free-
l>o>zrd" al>oz>e zz>zte> lz z>z l >~  l>o»d.

Plate 55. Ol>eratioe Po>zd zoater lez>el nzarking triangles
l»eat>» o» c»t>z»>z> «<ei> g>ate zz>all» o» l»>»d side to facilitate
»>a>azg>»g zz»zt> r h o> I»»> l>z»al».

30 cm

I'i g»re 21. Di»>z»»i>»z» ol »>a> l i»g tria»gle» l>l>zcea' o» zz>al/s
of zz>ei>. gate» ide>ztifiti > g the»l>erati <>e zoat> r lez>el for each
I >z»nl.
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Lateral dike

Lateral dike

Fige re 22. Depth soznzzthzc~ g>rizt patterzz in pozzrt» to zteterznine az>crag>e zz>ater depth zohen at operatiz>e tewel azzd consellzurntly
to calculate zz>ater z>oluzne of tlu po>ul.

Plate 56. Typical central pump station for commercial fizrm.

Determining water exchange capacity
To determine the water exchange capacity for the

entire farm, one should calculate the pumping ca-
pacity of the farm's pump station. This is a function
of the number of pumps, their respective capacities,
and the number of hours per day that they operate in
respect to tidal fluctuations.

ln general, pump station capacities should be

this measurement. If a pond's average water depth
has been calculated at 180 cm average depth when the
water level is tangent with the bottom apex of the
triangle, then water levels should be expressed as
180/180 on sheets. When the pond's water level is 10
cm below the bottom apex of the triangle, the data
should be expressed as 170/180. Conversely, if the
pond's water level covers the triangle's apex and the
measurement across the triangle, where the water
level intersects the two sides of the triangle is 5 cm,
then the daily monitoring data should be expressed
as 185/180.

To calculate the percentage of water exchange, by
volume, per pond, the pond's total volume of water
must be estimated. Although it is not highly accurate,
the estimated volume should be sufficiently valid for
water management purposes. When the average water
depth of a pond is 130 cm, the volume can be calcu-
lated as follows, assuming the surface area of the
pond, in this instance, to be 9.85 hectares:
1. 9.85 hectares x 10 000 mg x 1.30 meters � 128 050m'

~pon flertare average veeptg~pon
2. 128 050 m' s ~264 aliens � 33,805,200 gallons

pond m' total volume
This calculation should be performed for all nurs-

ery and production ponds on the farm. The sum of all
volumes will be the total volume of water for the
entire farm.

designed in accordance with the total water volume
of the farm and desired water exchange capabilities.
Due to economic restrictions, exchange capabilities
rarely exceed 20 percent of the farm volume. A sig-
nificant capital investment is required for a large
inventory of motors, pumps, and their respective
maintenance  I'late 56!.

Generally a 13 percent water exchange capacity
for the entire farm is adequate for the semi-intensive
culture strategies outlined in this manual. There
should be a "safety margin" back-up system since
pump» become damaged and motors must be re-
paired. Unless there is a high maintenance turnover
in which these extra units will be frequently rotated,
it is inefficient to have a large stock of motors because
they don't tolerate long periods of storage very well;
it is better to have the units installed and operating.
Thus, ~ hen all units are in operation, water exchange
may be more than adequate allowing pumps to oper-
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ate fewer hours. If one unit must be shut down due to
mechanical failure, then th» operating times for the
remaining units may be incr»ased to maintain ad-
equate exchalzge

To calculat» the pumping capacity of the farm, the
biologist should d»termine what part of the 24-hour
period the tidal fluctuations will permit pump opera-
tion. The biologist should also ascertain the flow rate
specifications for each of the pumps. Flow rates should
be extrapolated from performance curves of th«
pumps based on mean tidal levels and resulting total
dynamic head. For example, a»sume that the farm
has eight axial pumps of which six are 61 cm diameter
and two are 51 cm diameter. Th» performance curve
dictates tha t at a given operating»peed �00 rpm! and
a pumping head of 2.5 meters, the di»charg» capacitv
is 19,000 gallons per minute for the 61 cm pumps and
14,000 gallons per minute for the 51 cm pumps. It has
b»»n previously established that the tide allows eight
hours of pumping per tide, with t~ o tides per day
resulting in a maximum pumping period of 16 hours
per day. The pumping capacity per day can be d»-
termined as follows:

1. 16 hours x 60 min. = 960 min.
day hour clay

2. �! pumps x with capacity of 19,000 gallon/ min each

142,000 gallons per minute total

day minute day
The total pumping capacity of the pump station

would be 136,320,000 gallons per day.
To calculate the water exchang» capacity for the

farm as a percentage, divide the total pumping station
capacity per day by the total volume of water, calcu-
lated in the example in the previous section.

Suppose that a farm has a total production area
 nursery and production ponds! of 300 hectares. By
calculating each in d i vidual pond's total wa ter volume
at operative 1»vels  a» described inth» previous sec-
tion! the total water volume for th» farm would come to
1,014,150,000 gallons. By dividing volume pumping
capacity by total volume of the entire farm, the result is
a water exchange capacity of 13.4 percent per day.
1. 136 320000 11 res �: 1 014 150 000 Ilonsx 100

pumping day farm
2. = 13.4 percent water volume exchange capacity

per day for the farm.
When the maximum volume exchange capacity

for the farm has been determined, then individual
pond requirements can be calculated based on the
maximum exchange rate. If all ponds were treated
equally in regards to water exchange, then each pond
would have an»xchange capacity of 13.4 percent per
day. This forms a basis for water management pro-
cedures on the farm.

Return to the»xample described in Est>>7>list«'ng
ycr>rdoyeratiz>elez>olin which th»total water volume for

Fig«re23. Nonzcrgrrrl>tzicsol«tior> fcrr rectarzg«lar szcppre»sed!
zo<i>. disclzczrg>c' f7ozc> rates  aclapted frcrnz Lefar P«blislzizzg
C<>.!. Llsea' fc>r estin>ati»g zoater z>crl«n>e errtc'rirzg> poncls.

a particular growout pond was calculated to be
33,805,200 gallon». If daily water exchange capacity
ot the farm is 13.4 percent and all ponds are managed
equally, th» amc>unt of water that should be allowed
to enter that particular pond would be 'I 3.4 percent x
33,805,200 = 4,530,000 gallons daily. This exercise
should b» performed for all ponds within the farm
and the sum of th» ponds' daily requirements should
b» cross-referenc»d against the total volume pump-
ing capacity on any given day.

To correctly monitor and calculate, on a daily
basis, the amount of water actually entering a par-
ticular pond over a 24-hour interval, the physical
dimensions of the entrance weir gate s! should be
considered within the mathematical formula. The
width of all entranc» weir gates should be correctly
measured and recorded.

Routine water exclzange nzonitoring
The pr»viou» sections have described the prelimi-

nary calculation» for th» establishment of a routine
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water exchange program. Once the respective vol-
ume exchange calculations for each pond have been
performed and the physical dimensions  width! of
each entrance weir gate recorded, th» amount of
water volume allowed to enter the pond over a 24-
hour period can b» roughly estimated by utilizing
standard rectangular suppressed weir gat» flow
measurement nomographs. The nomograph repr»-
sented in Figure 23 has been extracted from Lefax
 Lefax Publishing Co., 2867 E. Allengheny Ave.,
Philadelphia, PA. 19134, page 11!.

Continuing with the same example giv«n earlier,
for a farm with 13.4 percent water exchang» capacity
and a particular pond with a volume of 33,805,000
gallons of water, if the pond requires 4,530,000 gallons
to pass through a 1-met»r wide entrance weir, the
following procedure should be p»rformed tc> acquire
an estimate of water requirement.

The nomograph in Figure 23 is expressed in feet
for linear measurements and in cubic feet p»r second
for volumetric measurements. The nomograph re-
flects thre» variables of which two are known: �!
length/width of the rectangular suppr»»sed weir
 converted to feet! and �! cubic feet pvr second
required bv th» pond on a given day. Knowing these
two variables, facilitates connecting the two points
on each of the two vertical axes with a straight edge,
and its intersection on the third axis  extreme right-
hand side! will define the required head over th»
entrance weir down boards:
A. Variable one: Length/width of rectangular v»ir

is directly mvasur»d in the field. In this particular
example, th» pond only has one entrance v eir
gate, v hich measures 1 meter in length.
1 meter = 3.28 feet.

B. Variable two: Total daily water volume required
by the pond is 4,530,000 gallons, which is an
approximate calculation.

1. 60 sec. x 60 min. x 24 hours =86 400»ec<

min. hour clay dav
2. ~7.5 a lions

Ft>

3. 4 530 0<~X! e1. re0<rired x ~1da v 1 011'
day 86,400 sec. 7.5 gal

4. 6.99 ft3/sec. of fresh water entering pond over a
24-hour period.

C. Variable three: Since variable one �.28 fe»t! and
variable two �.99 ft'/sec.! are known values,
connect the two points on the first two respective
vertical axis and record the extrapolated value on
the third vertical axis. In this example, the first
vertical axis should be marked at 3.28 feet. The

second vertical axi»  in the center! should be
marked at 6.99 ft'/second. Connecting the two
marked points with a straight edge results in a
0.72 foot of head of water that must go over the
entrance weir down boards.

0.72 foot = 22 cm

Plate 57. Personnel measzzring actual zvater entering oz>er
e>ztra>zcz zvzir ztozv>z boards. Tlzi» «xercisei» l>erfornzedi>z all
entrance zz>cir» at tzvo-i>our i>>ter<>al».

D. In conclusion: 22 cm c>f water going over the
entrance weir gate down boards over a 24-hour
period results in:
22 cm x 24 hours = 528 cm of water in a 24-hour

period.
This 528 cm of water per day in a particular pond

i» a reterence guide signifying an exchange rat» of
approximately 13.4 percent per day.

In order to monitor and calculate the actua I amount

ot water entering the pond on a daily basis, one
person should be delegated the responsibility of ac-
tual measuremvnt of the amount of water going over
th» entrance weir down boards.

At tw<>-hour intervals, the designated person
should measure the amount of wat»r entering the
pond ov»r the weirs down boards  Plate 57!.

This measurement should be taken between 0600

hours � a.m.! and 1800 hours � p.m.! every day,  i.e.
0600, 0800, 1000, 1200, 1400, 1600 and 1800 hours!.

The field monitoring sheets shown in Figure 24
should be used to record the actual centimeters of
water entering over each weir at two-hour intervals
over a 12-hour period.

Characteristically during a 24-hour period, there
are two high tides. Generally, the farm's pumping
»chedule is limited by the high tide frequency since
pumps will operate much more efficiently with the
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Farm
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A

A

Recording Biologist

Figzzre 24. Field »zz»zi torizzg~ zoorkslzeet for a'aily water»zazzage»ze»t.

0600 HRS l200 HR8 IZZ00 HRS 2400 HR8 0600 HRS
Tl M t'

Figzz re 25. Tyl»'ca 1 tizle cycle oz>er 24-1»»z r periozl ziepictizzg tiz»e» zvhez z p»»z ps are per»zi t tezl to opz rate,
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Plate 58. increased flou> rate of 61 c>r> axial pu>np d»ri »g hip~1>
ti>h >Chen t»t>zl dll»a»>il headis reduced. Cl»»l>»rasa>»e fi»zv
zz>ith Vl»tz 59.

reduced vertical column of the water to bc elevated

 Plate 58!. I'umps operating during low tides gener-
ally run with a heavy work load  Plate 59! and if thc
vertical head distance is significant, a whirlpool will
form causing the suction of air lnd consequent
cavitation by the pump  Plate 60!. Prolonged cavita-
tion will cause erosion and pitting on the impeller
and pump body wear plates, which require periodic
and costly maintenance expenditures. TI> avoid such
inefficient pump utilization, the biologist should
consult the performance curves for each pump and
deterIlllne tile maxilnulll allowable vcl tlca1 Ilc 3d that

remains within thc efficient performance range as
well as reduction of cavitation.

Figure 25 defines a hypothetical, but typical tide
cycle over a 24-hour period. The horizontal broken
lillc  a! repl esents the I ange ln wllich tile pumps arc
permitted to operate  area above linc [aj!.

In this particular example, thc pumps are started
at roughly 0700 hours �a.m.! and allowed to operate
until 1600 hours � p.m.!, <? total elapsed time of 8.5
hours. The same situation exists for the evening tide
when the pumps are started at approximatelv 2030
hours 8:30p.m.! and turned offat0500hour»�a.m.!,
which results in an <? ddition<?18.5 hours for <? tI>tal ot

17 hours pumping tilne for each 24-hour period.
Continuing with the same example used above,

Plate59. Decreased flozz>rateofsame61 cmaxial pumpduring
llnl ti>t> <ohe» z>e> tical head isincreased.

Ph>te 60. Wl>irll>ool effect, at lozo tide, causing pump caz>ita-
tio» a»d i »effi cie»t o]>eratiz»>.

assume thc tollowing measured data in a pond with
onlv onc clltrallcc wclr gate:

Gate 0600 0800 1000 1200 1400 1600 1800
A I2 21 30 37 20 13 6

8

At thc cnd of the day, the biologist responsible for
correct water management should interpolate the
data for the odd hours when measurements were not

takcll as sh ?wn on the next pagi .
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Actual 0600 0800 1000 1200 1400 l600 1800 ~ even hours
Measurements 12 21 30 37 20 13 6

Interpolated 16.5 25.5 33.5 28.5 16.5 9.5
Measurements 0700 0900 1100 1300 1500 1700 odd hours

The total should be calculated by adding the
measured values to the extrapolated values �600
hours [6 a.m.] through 1700 hours [5 p.m.] truncate
last measured value for 1800 hours [6 p.m.]!.

lc:
12+16.5+21+25.5+30+33.5+37+28.5+20+16.5+13+9.5

= 263 cm
The resulting sum of 263 cm represents the water

entering the pond over a 12-hour period. Two 12-
hour periods in a day represents   2 x 263 cm ! 526 cm/
24-hour period.

It had been previously determined for the pond to
have a 13.4 percent exchange rate, it required a total
of 528 cm of water entering over a 24-hour period.
The 528 cm is thus designated as 100 percent of the
water requirement. In order to calculate the percentage
of the water actually entering the pond on this given
date, the actual value is divided by the required value
and multiplied by 100 as follows:

526 actual �: 528 required x 100
is: 99.6 percent of the required value.
Since the required value represents 13.4 percent

water exchange rate by volume, the actual water
volume can be easily determined.

99.6 percent x 13.4 = 13.3 percent actual volume
exchange for that day.

The Daily water management summary sheets
shown in Figure 26 should be correctly filled out at
the end of each day. The total centimeters required
for each pond is a constant value once pond volumes
and pumping capacities have been accurately deter-
mined and while they remain unchanged. As a result,
the columns headed by "Requirement" are constant
values. In the column headed by "Actual", the value
of 526 cm  in this particular example! should be
registered. The column headed by "Percent Required"
is the value represented by the percentage of the
requirement that was calculated to have entered the
pond, in this example the value was 99.6 percent.

The remainder of the columns on the Daily water
management summary sheets are filled out and
should be used for interpretation analysis and deci-
sion making. Said decisions should be recorded in the
column headed by "Action Taken." The interpreta-
tion, analysis and respective guidelines for decision
making in reference to daily water management are
discussed in more detail in lit-progress poiu$ u~ator ol-
lou~o>ico.

The average semi-intensive commercial produc-
tion pond has two entrance weir gates. In such a case,
variable one would be the sum total of linear feet ot'
the length of both rectangular suppressed weirs.
Variable two remains unchanged, since the total vol-

ume of the pond and the amount of water  ft-'/sec!
entering on a daily basis remain constant. Variable
three will obviously change as a direct result of any
change in variable one.

The following example is for a growout pond
with a total volume of 33,805,000 gallons, on a farm
with a water exchange pumping capacity of 13.4
percent. The daily amount of water to be allowed into
this pond is 4,530,000 gallons, representing 13.4
percent of the pond's total volume. The pond in this
particular example has two entrance weir gates, one
gate  A! is 1.2 m in length while entrance gate  B! is 1.0
meters in length.

I.e.
A. Variable one: Both rectangular weirs are directly

measured in the field and summed.
1.2 meters + 1.0 meters = 2.2 meters = 7.22 feet

B. Variable two: Total daily water volume required
by the pond is 4,530,000 gallons, which is an
approximated calculation  calculation on page
68!.

C. Variable three: Since variable one �.22 feet! and
variable two �.99 ft'/sec! are known values,
connect the two points on the first two axis of the
nomograph in Figure 23 and record the extrapo-
lated value on the third vertical axis. In this
example, the first vertical axis should be marked
7.22 feet. The second  middle! vertical axis should
be marked 6.99 ft'/second. By connecting these
two points with a straight edge the extrapolated
value results in 0.41 feet of head of water, which
must be allowed to enter the pond over the
entrance weir down boards.

0.41 feet = 12.5 cm
D. In conclusion: the 12.5 cm of water entering over

the entrance weir gate down boards over a 24-
hour period results in:
12.5 cm x 24 hours = 300 cm of water in a 24-hour

period.
Three hundred centimeters of water is significantly

less than that obtained in the previous example,
which is a direct function of the length  width! of the
weir gates. In this example, there is 120 percent more
weir length going into a pond with the same volume
of water. Notice that the actual required volume of
water did not change in variable two as compared
with variable two in the previous example.

In the example shown on page 74, assume the
measured data in a pond with two entrance weir
gates. The respective interpolated data for the odd
hours that were not monitored would be that shown
in the example.
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Date
Hours Taken

Number Pumps Working

C.M. Percent Water Water Action

quiredTArlual Re uired Trans . Level P

Density Weigh
GrPer Ha

Observations:

Figure 26. Daily Water Management Summary Sheets

Spring Tide Cl
Neap Tide 0

Qond

Supervisor
Administrator

Pounds Dead

PO, Shrim



74 ... Villalon

1000 1200 1400 1600 1800

12.0 10.0 7.0 5.0 0

10.0 10.0 5.0 3.0 0

0600 0800

2.0 5.0

0 6.0

Gate

Actual

Measurement

A

1100 1300 1500 1700

1 1.0 8.5 6.0 2.5

10.0 7.5 4.0 1.5

0700 0900

3.5 8.5

3.0 8.0

Gate

Interpolated
Measurement

A

B

Entrance weir gate down boards can be con-
stantly manipulated  installed or removed! to control
the amount of water actually entering the pond. Any
changes in down boards should be registered in the
Daily water management summary sheet's column
headed "Action Taken."

Minimum water management allowances expressed as percentages of the requirement for differ-
ent weight ranges and culture densities.

Culture Density
71-85,000 101-120,000

x ha. x ha.

30% 50% 50%

86-100,000

x ha.
Population

Weight range

0.6 - 4.0 g

4.1-10.0 g 40% 50% 70% 70%

10.1-150g 60% 70% 90% 90%

15.1 - 23.0 g 110% 110% 120% 150%

~Based on the concept that 100 percent of the requirement is equal to a water volume exchange rate of 134 percent
+per day.

The sum total over a 12-hour period should be
calculated for each weir gate as was done in the
previous example for a pond with only one entrance
gate.

ie:
Gate A:2+3.5+5+8.5+12+11+10+8.5+7+6+5+2.5 = 81

cm
Gate B: 0+3+6+8+10+10+10+7.5+5+4+3+1.5 = 68 cm

Since the individual entrance weir lengths  width!
were summed in variable one, mathematically this
excercise treats the pond has having "one" entrance
gate, not two; thus the sums over 12 hours are aver-
aged together  81+68/2! resulting in 74.5 cm. This
value represents the sum over 12 hours and must be
multiplied by 2 for the 24-hour period value �4.5 x 2
= 149 cm!.

The pre-determined total requirement of 300 cm
represents 100 percent of the daily requirement. Di-
viding the measured total for the day by the daily
requirement and multiplying by 100 results in the
percentage of the water requirement that was actu-
ally introduced into the pond on this given day.

149 cm actual �: 300 cm required x 100
is 49.7 percent of the required value.
As stated earlier, the required value represents

13.4 percent water exchange rate by volume, the
actual water volume can be easily determined

49.7 percent x 13.4 = 6.6 percent actual volume
exchange for that day.

The same mathematical concept pertains in the
unlikely event that a given pond contains three active
entrance weir gates.

In-progress pond water allowance
In the previous three sub-sections, water require-

ments have been treated as if all ponds were to be
treated equally in terms of daily water exchange. In
reality this should not be the actual strategy.

Under normal, routine conditions with optimal
growth response and no apparent problems in terms
of water quality, the water allowances per individual
pond should be determined according to the re-
spective biomass carried by the pond during the
different stages of the culture cycle. This strategy
allows minimal water exchange for ponds recently
stocked and carrying less biomass, while ponds that
are approaching terminal harvest and carrying in-
creased biomass will have priority and receive sig-
nificantly more water exchange on a daily basis.

Although every farm has a different daily water
exchange capacity, for simplicity's sake, this manual
assumes that the daily water exchange capacity is
13.4 percent, representing 100 percent of the require-
ment. This value then becomes standard and may be
used as the valid basis for water exchange percent-
ages for any given day for that particular pond.

The above described management criteria may be
used as a general guideline to relate water exchange



to the standing biomass of a particular pond. At
different stages of the culture cycle and at different
stocking densities, Table 6 can be used as a manage-
ment tool for regulation of water allowances for
ponds "in progress."

As an example, a particular pond requiring 528
cm of water in a 24-hour period, as in the previous
section whose resident population average weight is
7.80 grams at a culture density of 74,000 juveniles per
hectare would require 50 percent of the total re-
quirement or:

50 percent x 528 cm required = 264 cm of water.
This requirement accounts for approximately 6.7

percent water exchange volume in the pond for that
given day. To regulate water exchange rate, entrance
weir gate down boards should be installed or ex-
tracted according to need.

Water management exercises described in these
sections reflect a very dynamic program. The extrac-
tion of one 20 cm down board at one end of the farm
will affect all the ponds on the farm by diminishing
the amount of water entering the ponds. As a result,
monitoring should be performed at daily intervals,
and major changes in down boards should be limited
so as not to upset established routine equilibrium
expressed in Table 6. In the event of emergencies due
to deterioration of water quality all efforts should be
made to direct priority water exchange to the par-
ticular pond experiencing problems.

In the future, all water management criteria, or
measures taken due to particular situations in ponds
"in progress" will be defined in terms of water allow-
ance percentage requirements, assuming that 100
percent of the requirement is equal to a 13.4 percent
daily water exchange.

Figure 27. The correct positioning of tongued and grooved
gate boards.

Weir Gate Monitoring
Weir gates have two distinct purposes; �! to

exclude predators from the pond, and �! to keep the
resident shrimp population within the pond. Both of
these objectives should be achieved while, at the
same time, allowing water to freely enter and exit on
a continual basis. Therefore, not only should all filter
screens be continually kept clean but all weir gates
should be routinely monitored to maintain proper
operating conditions during the entire culture cycle.
This reguires regular daily inspections to confirm
that all screen and boards are in their respective and
proper sequence.

Filter screens should be meticuously examined at
weekly intervals, and repaired or replaced if damaged.

Weir board configuration
Water pressure through weir gates may cause

gate boards to shift in position from their standard
setting  Figures 1, 2 and 3!, resulting in the improper
channeling of flow and inefficient exploitation of
weir gate design.

At daily intervals, the farms' technical staff should

Plate 61. Angle insert wedges applying pressure on weir
down boards against concrete slide channels on gate.

Plate 62, Rotten weir gate down board past the point of repair.
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Plate 63. Empty feed bags positioned in weir gate slide
channels to prevent water from filtering through borders.

Plate 64. Farm filter screen cleaner makinghi» daily rounds.

confirm that the proper board sequence is main-
tained. Possible alteration of the wedges in boards
may cause a shift, allowing water to filter between
boards.

Boards should be tongued and grooved so that
filtration between them is reduced. Figure 27 depicts
proper positioning of tongued and grooved boards.

The chalk and animal lard sealant mixture should
be applied between the tongues and grooves to ensure
a proper seal. Wedge inserts are important to main-
tain pressure against the weir gate slide channels
 Plate 61!. If wedges are accidently dislodged, boards
may slightly buckle and break seal, allowing water to
pass between them.

Restriction boards should be routinely inspected
to ensure that pond water level is below the top edge.
The primary objective of restriction boards is to draw
water from the bottom. If water is allowed to pass
over the top, the configuration will not operate as
designed. Precautions should be taken to allow suffi-
cient freeboard over the ponds' operational water
level to prevent this. Generally, 20 to 30 cm of freeboard
on restriction boards will be adequate.

Weir gate boards should be made from hard-
woods, such as mangrove, which is naturally resistent
to marine worm infestation and deterioration caused
by exposure to salt-water. All boards should be peri-
odically inspected for rotting and broken grooved
edges  Plate 62!. Boards should be replaced whenever
deterioration prevents proper sealing.

All boards that are not being used in the weir gate
should be neatly stacked alongside, readily accessible
when board changes are necessary.

Weir screen configuration
Weir gate filter screens are key components of

entrance and effluent gates. Improper placement or
maintenance of filter screens may let predators into
the pond or allow the escape of the shrimp.

The technical staff should inspect filter screens
daily to ensure that they are snug and in proper
position, and that empty feed bags are correctly
positioned between the screen's wooden frame and
the weir gate's concrete slide channels  Plate 63!.

These empty feed bags prevent water from filtering
through around the edges of weir gates, and are very
effective when pressure is applied by the wedges.

A consciencious effort should be made by the
technical staff to supervise and direct farm personnel
who have been delegated the responsibility of main-
taining the filter screens. Pond filter cleaners should
be responsible for a specific number of weir gates,
and should have established cleaning routes, never
exceeding 1,000 meters "one-way."

Distances greater than 1,000 meters are not rec-
ommended, as they do not allow personnel enough
time to clean all of their filters well  Plate 64!.

The primary objective of pond filter cleaners is to
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maintain the filter screens, clean and free of debris.
Personnel should be instructed to report observa-
tions to the technical staff whenever they observe
plugged filters inhibiting the flow of water. In this
case, routing should be altered to permit more frequent
cleaning pcr station.

Maintenance of clean filter screens during early
stages of the pond culture cycle requires more fre-
quent cleaning because finer mesh screens are em-
ployed. It may be necessary to increase the number of
screen cleaning personnel to maintain unrestricted
water flow into ponds with shrimp populations av-
eraging 4.0 grams or less.

All water control management decisions should
be assumed by one person, preferably thc farm bi-
ologist or a responsible person designated by the
biologist. No one, without authorization, should be
allowed to manipulate or effect changes in boards or
filter screens in any weir gate. As was described
previously, farm hydraulics are dynamic, and slight
changes in one gate may affect the hydraulic balance
of the entire farm.

An empty feed bag should be hung near each weir
gate  Plate 65!, and all dead shrimp found during the
course of the day by the screen cleaners should be
collected and placed in these bags.

At the end of each day, the technical staff should
collect, count, record and discard daily mortalities
for each pond. Mortalities for each pond should bc
recorded on the growth sample monitoring sheets
 Figurc 13! at week's end. Periodic daily tallies of
between 5 and 15 collected mortalities can be con-
sidered normal. If the daily count exceeds 15, water
parameters should be evaluated and re-confirmed, to
ascertain the possibility of significant mortalities.

Feeding Strategy
Pelleted feeds are necessary for proper growth at

stocking densities above 6.5 juveniles/m .2

There is much controversy regarding the percent-
age of feed actually assimilated by the shrimp popu-
lation. It is supposed that shrimp ingest the pellets for
a relatively short time after the feeding and then they
begin to decompose. After decomposition begins, it
is assumed that shrimp benefit nutritionally from the
bacteria and benthic organisms that break down the
pellets into detritus.

As shrimp forage the bottom, they should be able
to consume enough nutrients to support productive
growth. The 30 to 60 percent of the unconsumed,
decomposing pellets estimated to remain on the pond
bottom serve as an excellent substrate, which stimu-
lates the growth of bacteria and invertebrates such as
copepods, nematodes and protozoa.

Feedingfrequency
The majority of well-constructed semi-intensive

commercial growout ponds have an average water

Plate 65. Empty feed bags at effluent weir gates to hold daily
rnor tali ties.

depth of 1.0 meter. From a technical viewpoint, the
deeper the pond, the better the shrimp survival rat»,
however, deeper ponds require increased earth
movement resulting in increased capital outlay during
construction.

Since commercial production ponds are relatively
shallow, shrimp activity during the day is signifi-
cantly reduced. During this time, it appears that the
population migratcs to deeper areas of the pond and
partially burrows into the bottom. Thus, day time
feeding results in poor feed utilization efficiency.
Feeding during periods of increased activity results
in better utilization of the feed with subsequent su-
perior conversion.

Shrimp activity in a pond increases at around
1700 to 1800 hours � p.m. to 6 p.m.!, and persists until
0600 or 0800 hours � a.m. to 8 a.m.!. The level of
activity can be monitored by observing capture fre-
quency, or water turbidity. During the daylight hours,
very fcw animals will be captured by the cast net; and
if the population is actively foraging for food, this
activity will result in suspension of benthic sediment
and can be observed from the bank. Care should be
taken to not confuse this turbidity with that caused
by wind and wave action.

Probably the most efficient utilization of feed
would be by applying rations at more frequent in-
tervals throughout the night when shrimp activity is
highest. In large commercial operations, this strategy
is not always practical. Since feed is a major expense
item, attempts should be made to rigidly supervise
its use. Such supervision is very difficult to accomplish
due to limited night visibility.

It is far more practical to feed once per day during
late evening hours. Feeding should begin no earlier
than 1600 hours � p.m.!, and, with an adequate
number of personnel, should be terminated by 1800
hours � p.m.!. Evening feeding will ensure that the
pellet  with a stability of 6 to 10 hours!, remains intact
for ingestion by the shrimp until midnight, and it will
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then be indirectly available as detritus for the remain-
der of the night when shrimp activity is high.

Feed dispersal
Feed dispersion is extremely important. Pellets

should be dispersed uniformly over the entire pond
area, minimizing crowding-induced stress.

Different feed dispersal strategies have resulted
with variable degrees of success. Aerial feed applica-
tion results in exceptionally uniform coverage over
the entire bottom area of the pond and is probably the
best for this specific reason; the limiting factor is the
expense. This technique is probably not economically
feasible for growout operations of less than 300 to 500
hectares.

Land based feed blower equipment cannot dis-
perse feed over the entire surface area of typical
commercial size �50 x 400 m! growout ponds. The
same blower apparatus mounted on platform boats
may work efficiently but may require many units.
Although labor intensive and relatively inefficient,
manual feeding from boats which navigate in a zig-
zag pattern over the entire surface area of the pond as
described in Chapters 8 and 10 is the most commonly
used method. There must be a conscientious effort to
ensure that the entire bottom area receives feed re-

gardless of the daily dosage of a particular pond.

Feed ration tables

There are a multitude of feed ration tables that can

be used to calculate the quantity of feed needed for
any given pond. The amount of feed required is
generally determined as a percent per day of the
average weight of the shrimp population to be fed. A
juvenile shrimp will generally be fed a relatively
higher percentage of its average body weight per day
than a larger animal.

The determination of daily feed rations should
not be strictly the result of a pure mathematical
formula calculation. The objective of published feed
ration tables is to supplement the pond nutrients to
support productive and optimal shrimp growth.
There are a variety of factors which directly affect the
growth performance of a population of shrimp. Other
than introduction of a pelleted feed into the pond,
such factors as average water temperatures, stocking
densities and biomass as well as the primary and
secondary biomass carrying capacity  phyto and
zooplankton! of the pond will all influence the growth
performance of the population. Poor water quality
and resulting stress induced from toxins also plays a
determining role in the shrimp's ability to actively
feed and efficiently convert nutrients into growth.

Since the accurate determination of feed rations is

relatively subjective in semi-intensive commercial
operations, it should be calculated by experienced
personnel. Feed should be used conservatively since
it represents a large portion of total production cost

Table 7. Feed ration determination per body i
weight for postlarvae and juveniles
stocked in nursery ponds at 150-200
postlarvae/m'.

Percent of Body Weight,
fed per Day

19.00

17.80

16.30

15.00

13.70

12.30

10.90

9.90

9.20

8.60

8.20

7.80

7.50

7.30

7.10

6.90

6.70

Juvenile
Average weight  gm!

0.15 g.
0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

and is a potential pond environment pollutant. Poor
management practices, such as overfeeding, may
result in contamination of pond bottoms. Increased
biological oxygen demand  B.O.D.! and low D.O.
may result in shrimp temporarily going "off feed." If
low levels of D.O. persist, mortalities may occur.

Long term detrimental effects of "overfeeding"
will result in build-up of hydrogen sulfide in anaerobic
pond sediment. This may cause increased mortality
or cause shrimp to go "off feed" for an extended
period. The result of poor feed management might
also manifest itself during the next crop, causing poor
survival rates. Additionally, large areas of the pond
bottoms may have to be chemically oxidized to elimi-
nate hydrogen sulfide.

At the other extreme, underfeeding may result in
reduced growth rates and increased mortality re-
sulting from stress or secondary infections.

Feed ration tables have been developed based on
the results of high-performance operations: �! for
nursery ponds, �! for growout ponds, and �! growout
production ponds stocked directly with postlarvae
 see Tables 7, 8 and 9, respectively!.

Effective utilization of these tables depends upon
the accuracy of population estimates and body weight
calculations since feed ration tables are expressed as
a percentage of body weight per day. Tables 10, 11
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Table 9.Table 8. Determination of feed ration per body
weight for growout ponds stocked with
transferred juveniles at 6.5-9.0 juveniles/

2
m.

Determination of feed ration per body
weight for growout ponds stocked di-

2
rect at 12.5-18.5 postlarvae/m .

Average Weight
 gm!Percent of body weight

fed per day
Average weight

 gms!

1.00 g.
1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00

6.50

7.00

7.50

8.00

8.50

9.00

9.50

10.00

10.50

11.00

11.50

12.00

12.50

13.00

13.50

14.00

14.50

15.00

15.50

16.00

16.50

17.00

17.50

18.00

18.50

19.00

19.50

20.00

20.50

21.00

21.50

22.00

6.00

5.33

4.83

4.50

4.23

4.00

3.80

3.60

3.43

3.30

3.20

3.00

2.93

2.83

2.76

2.70

2.66

2.63

2.57

2.50

2.43

2.40

2.33

2.27

2.23

2.16

2.10

2.06

2.00

1.96

1.93

1.90

1.87

1.83

1.80

1.77

1.73

1.70

1.69

1.66

1.66

1.60

1.59

0.008 g
2.0 g
2.0 g
2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

10.0

10.5

11.0

11.5

12.0

12.5

13.0

13.5

14.0

14.5

15.0

15.5

16.0

16.5

17.0

17.5

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

Percent of Body Weight
fed per Day

7 lbs/ha/da

7 lbs/ha/da

5.50 %

5.00

4.65

4.42

4.22

4.05

3.90

3.75

3.60

3.45

3.27

3.15

3.00

2.90

2.85

2.77

2.75

2.65

2.63

2.60

2.55

2.51

2.50

2.45

2.41

2.40

2.30

2.26

2.25

2.20

2.19

2.15

2.10

2.05

2.00

1.98

1.95

1.90

1.88

1.86

1.80



80 ... Villalon

~Table 10. Estimated survivals per age and weight
groups in nursery ponds.

Days Percent

Survival
Average Weight

 gms!

100 %

80%

78%

75%

73 %

70%

0.01 gms
0.09 gms
0.18 gms
0.35 gms
0.60 gms
0.80 gms

1

7

14

21

28

35

and 12 express estimated survivals as a function of
average weight and time in days.

The calculation of daily feed ration must incorpo-
rate data from two tables. For example:

Pond x has been stocked with juveniles at 85,000
juveniles per hectare  8.5 juveniles/m !. The average
weight of the population is 9.50 grams. Since the
pond has been stocked with juveniles, one should
refer to Tables 8 and 11, and perform the following
calculation:

x 80.5% survival'

has.
= 68 425 'uveniles survivin

has.

has. juveniles 1,000 g has.

has.-day
=~17 k feed

has.-day
'Table 11; average weight of population between 9.00 and

9.93 grams.
"Table 8; ratio of daily feed to body weight when average

weight of population is 9.50 grams.

Therefore pond x should receive 17 kg of feed per
hectare of surface area every day.

Once the feed ration has been obtained, it is nec-
essary to ascertain if average weekly weight gains are
adequate. Gains of between 0.85 and 1.20 grams, are
adequate, but if the average weekly weight gains are
below 0.70 grams, there is a possibility that the pond
is being underfed as a result of better survival or an
"overstocking" error, which would lead to an
undercalculation of feed rations.

On the other hand, if average weekly weight
gains are between 1.3 and 2.0 grams, the staff should
be alert to the possibility of "overfeeding" as a result
of lower densities than those estimated.

Feed ration calculations should be performed on
a weekly basis for all ponds in an attempt to efficiently
monitor shrimp growth and feed conversion. Poor
feed management may not only affect growth and

has

Table 11. Estimated survivals per age and weight
groups in growout ponds stocked with
transferred juveniles

Average Weight
 gms!

Percent

Survival
Days

survival, but also significantly increase production
costs. If feed ration calculations are performed bi-
monthly, the risk of poor management problems is
increased.

When calculating feed rations for juveniles in
nursery ponds, Tables 7 and 10 should be utilized.
Feed rations for production growout ponds that have
been stocked directly are determined from Tables 9
and 12.

Feed characteristics

There are many feed formulas that can be utilized
throughout the various phases of a growout cycle.
The following general guidelines on their nutritional
composition will help to establish their different uses.

The presentation called "crumbles" and the small
pellet �/32"! used during early juvenile and juvenile
stages permit adequate feed coverage over the entire

1

7

14

21

28

35

42

49

56

63

70

77

84

91

98

105

112

119

126

133

140

147

154

161

168

175

0.80 gms
1.20

1.80

2.70

3.60

4.50

5.40

6.30

7.20

8.10

9.00

9.93

10.90

11.80

12.73

13.67

14.60

15.53

16.46

17.40

18.33

19.26

20.20

21.13

22.10

23.00

100

90

89

88

87

86

85

84

83

82

81

80

79

78

77

76

75

74

73

73

73

72

72

71
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Estimated survivals per age and weight
groups in direct-stocked growout ponds.

ys Average Weight Percent
 gms! Survival

Table 12

Da

JuvenileFormulas FinishGrowthEarly
Juvenile

Target size of
shrimp  gms!

Ration format

4-18 gms

pellet

18-23 gms

pellet

0.35-4.0 gms

pellet

0-0.35 gms

crumbles.

Ration size
 inchcs! 5/32"

20

5/32"

25

3/32"crumbles

3535Percent Protein

Percent Lipid

Percent Fiber

Percent Ash

10 1010Percent Humidity

Gross Energy

 Kcal/Kg!

10

3,200 2,8003,5003,500

pond area since there are more individual pieces per
kilogram.

Most pelleted feeds for shrimp are relatively ex-
pensive and brittle. Bagged feed should be handled
with care to minimize "fines"  or dust! formed by
breakage and abrasion. Caution should also be exer-
cised not to expose pelleted feed to chemicals or
poisons which may be utilized for control of rodent
populations.

Feed quality check
When purchasing feed, it should be checked by

the technical staff to ensure quality as poor quality
feed pellets may result in growth inhibition and
deterioration of pond bottoms.

Random samples from all feed entering the feed
storage area should be organoleptically evaluated for
excessive moisture and the presence of mold. If arri v-
ing feed is moist but not contaminated by a grcenish-
brown mold, it might bc assumed that thc excess
moisture was acquired during transport. In this case,
the moist feed should be used immediately. If wet
feed is stored, it becomes contaminated by mold and
will have to be discarded. Any mold-contaminated
feed arriving directly from the feedmill should be
returned within 24-hours. Feed pellets with surface
mold should not be used in thc ponds.

The farm's feed storage facility should employ
inventory rotation to ensure "first in-first out."

A vigorous rodent control program should bc
continuosly practiced in feed storage facilities, but
always with caution, to avoid contamination of feed.
Maintaining female cats or non-poisonous constric-
tor snakes in and around feed storage facilities may
help diminish rodent population.

Table 13. Feed characteristics specific for target shrimp weights.

1 7
14

21

28

35

42

49

56

63

70

77

84

91

98

105

112

119

126

133

140

147

154

161

168

175

182

189

196

0.01 gms
0.12

0.25

0.50

1.20

2.10

3.02

3.93

4.83

5.75

6.65

7.56

8.47

9.38

10.28

11.20

12.10

13.00

13.92

14.83

15.73

16.64

17.55

18.46

19.37

20.28

21.18

22.10

23.00

100.0

90.0

85.0

83.0

80.0

78.5

77.0

75.6

74.2

72.7

71.3

69.8

68.3

66.9

65.4

64.0

62.5

61.0

59.6

58.1

56.7

55.2

53.8

52.3

50.8

49.4

47.9

46.5

45.0



Feed should not be stacked directly on the ware-
house floor, but on wooden pallets in organized
rows. This permits adequate ventilation which mini-
mizes heat build-up and moisture accumulation.

Random samples should be taken from arriving
feed weekly and analyzed for water stability and
percent floatation as follows:
1. Drop a random handful of pellets into a 20 liter

bucket containing 10 liters of pond water.
2. Roughly estimate the percentage of floating pel-

lets after one minute.
3. At two-hour intervals, evaluate pellet stability

until they have disintegrated or have been sub-
merged for six hours.
The pellet stability evaluation should be performed

using a 1-10 scale, where 10 represents a hard, intact
pellet, and 1 represents total disintegration. After the
first two hours the evaluation period can be reduced
to every hour. The test is highly subjective, therefore
the same person should perform the test.

Four times per year, pellet samples should be sent
to independent analytical laboratories for proximate
analyses. Results should be compared to with the
corresponding values given by the feedmill to confirm
that proper standards are being maintained.

The farm should purchase feed from an established
feedmill with adequate references. The protein per-
centage in proximate analysis is measured indirectly
and is based on total nitrogen content of the diet.
Nitrogen content is multiplied by a conversion factor
of 6.25, which results in the estimated crude protein
level. It is possible to find "high protein" pellets on
the market that contain no actual protein since in-
clusion of nitrogenous products such as urea can be
erroneously interpreted as protein in the proximate
analysis. This further stresses the importance of buy-
ing feed from reliable sources.

Predator Control

Potential losses due to aquatic bird predation in
ponds have been previously discussed in Chapter 9.
Farm management policy concerning predator con-
trol should be in agreement with local laws and
regulations. Here predator control is discussed as-
suming non-existence of regulations protecting
aquatic birds.

There are several types of "humane" equipment
commercially available for protection of production
ponds from aquatic birds. Pneumatic discharge can-
nons, light reflectors, scarecrow windmills, etc., all
are relatively ineffective after the initial display, for
most aquatic birds are adaptive and become readily
accustomed to noise or visual stimuli produced by
this equipment.

The technique of a stretched wire grid over the
ponds surface area may be effective for small ponds
and small operations, but is cost prohibitive in large
scale semi-intensive operations.

Pre-recorded bird distress calls played on tape
and amplified over loud speakers mounted on a
truck have had limited success. This technique may
be impractical as it requires continual utilization of a
farm vehicle that might be more efficiently employed
in other activities.

The most effective proven technique against bird
predation is deployment of farm personnel armed
with shotguns and explosive rockets. For this tech-
nique to be effective, farm personnel must continu-
ally and agressively pursue flocks of birds from pond
to pond.

In larger growout ponds, birds may fly from
corner to corner to avoid the noise of shotguns and
rockets. In this case, it may be necessary to employ
two or more groups of rotating, armed personnel to
discharge arms simultaneously in respective corners
to displace the birds effectively.

Aquatic predators such as fish and crabs can be
effectively controlled by following the pond prepara-
tion procedures outlined in Chapter 3. Correct pond
preparation will result in very little contamination of
the pond by fish and crabs.

Nursery ponds or production growout ponds that
have been stocked directly with wild postlarvae gener-
ally contain an increased number of predators that have
been stocked along with the shrimp. It is extremely
difficult, if not impossible, to manually extract the
larval stage predators from the wild postlarvae.

At the farm's acclimation station, natural preda-
tors can be eliminated by the application of chemicals
such as rotenone to the water containing the postlarvae
and predators. For this technique to be effective, the
exact volume of water must be calculated prior to
chemical treatment in order to determine the quan-
tity of rotenone accurately that must be applied to
achieve the desired concentration. Rotenone, if used
properly, will effectivelly eliminate fish larvae without
affecting shrimp postlarvae.

The following is a procedural outline for correct
determination of rotenone concentration of 2 ppm:
1. Accurately measure the water volume contained

by the transport tank delivering the wild cap-
tured postlarvae. Use the following mathemati-
cal equation for volume determination:
a. Rectangular containers:

Len th cm x width cm xde th cm =liters
1000

b. Cylindrical containers:
3.14 x diameter cm x de th cm = liters

4 x 1000

2. Weigh 0.002 gram of rotenone for every liter of
water containing postlarvae. A water volume of
500 liters will require 1.0 gram of rotenone. This
dosage will result in a concentration, by weight, of
2 ppm. Although most rotenone is only 5 percent
active, this concentration is sufficient for fish lar-
vae elimina tion.
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Figzzre 28. Stractzzral dimensions of typical crab traps for
predator control i>z ponds receiz>ing zz>ilzt-capt><red, direct-
stocked postlarz>ae.

3. Once postlarval counts have been performed, the
shrimp can be transferred to the acclimation
tanks and the acclimation process should be ini-
tiated.
Blue crabs are effective predators of shrimp and

their elimination is characteristically more difficult.
Crabs are attracted to moving water currents that
allows them the advantage of food organisms being
transported to them. As a result, crabs are generally
observed in entrance and effluent weir gates. All
personnel who have been assigned to filter cleaning
should be instructed to remove blue crabs with dip
nets. These crabs will generally attach themselves to
the cement walls of the weir gates or directly to the
filter screens, awaiting prey. Although this mainte-
nance technique helps diminish damage caused to
filter screens at weir gates by blue crabs, it does not
significantly reduce the blue crab population in the
pOlld.

In order to help eliminate the blue crab population
within the pond, benthic crab traps should be imple-
mented. Figure 28 is a line drawing depicting typical
crab traps.

These crab traps should be constructed of saltwa-
ter-resistant hardwood slats with an entrance tunnel
made of 10 cm PVC pipe approximately 15 cm long.
A perforated platic container tied inside the trap is for
bait of raw fish scraps. The trap functions on the
premise that the crab will enter the trap through the
PVC pipe, seeking the bait. Since crabs are benthic,
they will attach themselves to a substrate  either trap
bottom or walls! and as a result will not escape

through the 15 cm long PVC pipe. This crab trap
design is successfully employed in all parts of the
world by commercial crab fisheries.

Crab traps should be placed in all nursery or
production growout ponds directly stocked with
wild postlarvae. One trap should be placed for every
two hectares of pond surface area, or a minimum of
two traps per pond in smaller nursery ponds.

Traps should be equally concentrated around the
entrance and effluent weir gates at a radial distance of
no more than 15 meters from the weir gate. These
traps should be inspected three times per week to
harvest crabs and to replace the bait.

The potential risks of predation on the shrimp
population in a pond are magnified during opera-
tions such as juvenile transfers and pond harvests. It
is especially important to increase the number of
personnel assigned duties of predator control during
these two critical stages, while the shrimp population
is vulnerable due to low water levels.

If relatively large numbers of birds are observed
flying over one specific pond during the day, it
should be cause for alarm. This may indicate that
shrimp are swimming on the surface due to low D.O.
The D.O. should be checked immediately, and if it is
low, then immediate action should be taken to in-
crease the water exchange rate by emergency mea-
sures. The use of 15 or 20 cm auxilary pumps may be
necessary. Predator control personnel should be sta-
tioned along the dikes of the problematic pond to
discourage bird predation. The D.O. concentration
should be measured at hourly intervals until it is back
to satisfactory levels.

Over a period of months, the farms reservoir
canal will often acquire a substantial number of fish
that have entered the canal in egg or larval stages via
the water pumps. These grow rapidly within the
protected confines of the canal, and, although they
may not be able to enter the ponds as a result of
proper weir controls, they may easily reach spawn-
ing age. Fish spawning in the reservoir canals pose
significant problems as the eggs may pass into the
ponds through the mesh of filter screens.

A practical method for controlling endemic fish
populations of the reservoir canal is to establish
several fish gill net stations along the canal. Gill nets
with 8 to 10 cm mesh should be strung across the
entire width of the reservoir canal. Lead lines should
lie on the contour of the canal bottom and floats

should hold the net on the surface. The depth of the
gill net should be 1.5 times the depth of the canal. At
least one gill net should be located near the pump
station �0 meters distant! since fish will be attracted
to incoming fresh, oxygenated water. Other gill nets
can be placed at strategic locations along the reser-
voir canal. Nets should be harvested daily and con-
tinually mended to ensure that they remain in opti-
mal functioning condition.



Plate 66. Steel-plated locking mechanis>rrs for efflnent down
board secnri ty against theft.

Theft control
Due to socio-economical conditions surrounding

the farm site, human theft may cause significant
losses to the farm. The majority of losses due to theft
can be prevented by implementing basic security
measures.

Well-armed guards should patrol the farms pe-
rimeter on a regular basis during the night. Enough
guards should bc on duty to ensure that any specific
area on the farm is patrolled at least every hour.

Patrolling guards should make their rounds in
pairs and have a prc-established methods of com-
municating with the other guards. This should be by
either flashlight codes or by radio communication at
specific checkpoint stations around the perimeter.
Night shift supervisors should ensure that guard
duty is effectively being carried out.

lf theft activities continue to cause losses, all ef-
fluent weir gate boards and filter screens may be
locked down during the night with steel plated lock-
ing mechanisms and heavy duty paddlocks  Plate
66!.

Some farms are more accessible by roads or water
routes than others, necessitating increased diligence
in the area of farm security. Undoubtedly, with ad-
verse socio/economic conditions so prevalent in third
world countries, ponds with an inventory of a prod-
uct as valuable and as marketable as shrimp run high
risks of loss from poaching.

Armed night guards should patrol sectors of the
farm where ponds have the larger shrimp, concen-
trating on protection of strategic areas versus at-
tempting to cover all areas. During harvesting ac-
tivities, additional guards should bc assigned to
protect ponds that are more vulnerable to poaching
while being drained. As product is being iced down
for shipment to processing plant, adequate protec-
tion should be provided in areas of pack-out and
loading of trucks or boats. Radios should be employed

if possible, and if radio communication isn't possible,
signals between guards can be used: pre-established
flashlight codes, or thc firing of a pre-determined
number of shots to indicate any problems and sound
the alarm.

As routine operations start each morning, person-
nel entering different areas of the farm to carry out
their various duties should always be alert for signs
of abnormal activities during the previous night that
may indicate poaching, ie:
1. slight reductions in water levels of ponds,
2. footprints in or around effluent weir gates,
3. wet dikes, especially on drainage end of ponds,
4. dead shrimp along or near water's edge, or in the

vicinity of effluent weir gates or in drainage
canals, and

5. deviations from normal arrangement of weir
boards or screens.
When evidence of poaching is observed, and if the

night guards shift reported no abnormalities in rou-
tine, additional personnel should be assigned for
scvcral consecutive nights to bolster the security
force. It is not uncommon for shrimp farms to sustain
armed assaults because of the relatively high value of
product. The key to a reliable security program is
attention to detail. Night guards should be continu-
ally checked to bc sure that they are on duty at their
assigned positions, and that they are alert, their
weapons cleaned and ready with proper ammunition.

It is suggested that guards be frequently rotated
from one position of the farm to another, without
prior knowledge of assignment, in order to minimize
collusion with outsiders interested in theft, or offer-
ing bribes to be allowed to steal.

Hydrological Parameters
The single most critical factor governing optimal

growth and survival of shrimp is water quality. All
activities of the shrimp are affected by the pond's
physical conditions, and optimal shrimp production
is directly correlated to optimal management of hy-
drological parameters more than any other factor.
Likewise, poor performance, in many cases, can be
directly attributed to poor water quality. Conse-
quently, meticulous monitoring of water parameters
is a must for good management.

Routine daily monitoring of water parameters is
important in determining a management position on
water exchange as well as feeding and fertilization
strategies for ponds under culture.

There are three primary elements involved in
correctly monitoring water quality parameters:
1. Accurate calibration and operation of the rela-

tively sophisticated electronic monitoring equip-
ment;

2. Monitoring of water quality parameters in ponds
at critical times during the day to detect possible
problems; and
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Figure 29. Typical diurnal D.O. concentration in pond rooter inuring 24-hour cycle.

3. Monitoring water parameters where the popula-
tion actually resides on the pond bottom, and not
where conditions may be different, such as at
mid-water level or on the ponds' surface.
If any of these three areas are neglected, data and

interpretation of the same may not be valid or appro-
priate, and may result in poor management decisions,
as well as decreases in satisfactory pond performance.

As previously discussed, hydrological param-
eters are monitored twice daily at two independent
stations in each pond. Morning measurements should
be taken between 0600 and 0830 hours � and 8:30
a.m.! while afternoon measurements should be made
between 1300 and 1530 hours � and 3:30 p.m.!.

For monitoring to be most effective and interpre-
tation of results to be most accurate, monitoring
should be conducted at these critical times during the
day. D.O. and pH measurements are of particular
importance. D.O. concentrations are typically at their
lowest level prior to dawn and at their highest during
mid-afternoon between 1300 and 1600 hours � and 4
p.m.!.  Figure 29!.

Pond water pEI follows a diel curve similar to that
of D.O. concentration and is directly related to the
photosynthetic activity of algae in the pond.

During early morning hours, ponds should be
monitored for D.O., pH, water temperature, and
salinity. During mid-afternoon, they should be
checked for D.O., pH, water temperatures, water
turbidity  with a secchi disk! and water level of the
pond  with painted triangles, using methods de-
tailed in Establishing pond operative level!. All data
should be promptly and precisely recorded on Daily
parameter monitoring sheets  see Figure 12!.

Instrument calibration and pond sampling
All equipment should be correctly calibrated and

periodically re-calibrated to ensure accurate mea-
surements. Equipment that has not been properly
calibrated will give distorted readings.

Water temperature should be monitored during
early morning hours and again during mid-afternoon
hours for minimum and maximum temperatures for

Plate 67. Glass/mercu ng thermometer in PVC case for pro-
tection against breakage and temperature compensated re-
fractonteter.

the pond during a given day.
Thermometers of the oxygen meter are not utilized

since they cannot be calibrated. Water temperatures
should be measured with glass/mercury thermom-
eters with a scale range between 0 and 110'C. This
thermometer should be encased in a PVC pipe to
protect the fragile instrument from breakage  Plate
67!. A line is tied to the PVC protective case and the
thermometer is allowed to sink to the bottom of the
pond and remain there for approximately 30 seconds
before removing it and recording bottom water tem-
peratures.



These thermometers should be adjusted/cali-
brated at weekly intervals to ensure valid measure-
ments. The thermometer should be removed from its
PVC protective case and placed in a pot of boiling
fresh water. Any deviation from 100 C should be
recorded and the corresponding correction factor
should be marked with waterproof marker and plastic
tape on the thermometer. For example, if after being
submerged for one minute in a pot of boiling fresh
water, the glass/mercury thermometer registers 99'C,
a correction factor should be established as +1'C.
 Note: when making this confirmation caution should
be taken to avoid direct contact of the mercury bulb
of the thermometer with the bottom of the pot, as this
may distort the reading. During the remainder of the
week, water temperature readings should be ad-
justed by a factor of "plus one degree." If the actual
measurement registers 28'C, the corrected value re-
corded on data sheets should be 29'C.

Water salinity is monitored once daily during the
early morning. Salinity during normal dry seasons
will not vary highly, but during tropical rain storms
it can drop as much as 3 ppt in one day. Pond salinity
measurements should be taken with automatic tem-
perature compensated refractometers. Refractometers
should be calibrated daily with clean distilled water
and by simultaneously adjusting the small calibra tion
screw on the instrument. After any adjustment, sili-
cone gel should be smeared on the face of the ad-
justment screw in order to seal it. Water from the
bottom of the pond should always be used for salinity
measurements as salinity gradients at times exists in
growout ponds, especially during the rainy season
when less dense rain water floats and doesn't mix
with the deeper pond water. Salinity stratification
will cause significant errors if surface waters are
sampled. Plastic bottles with rubber stoppers should
be lowered to the bottom, opened, closed and brought
to the surface for salinity measurements. The same
water used for monitoring salinity may be used for
measuring pH.

Pond water pH should be measured twice daily.
Since pH oscillation cycles, over a 24-hour period, are
similar to D.O. concentration curves, monitoring
during early morning and again in mid-afternoon
will reflect the general minimum and maximum lim-
its over 24 hours. Meters for recording pH should be
calibrated twice daily, just prior to the monitoring
rounds. There are a variety of meters available and
calibration procedures differ according to the type of
meter used, some meters require calibration with
buffer solution of pH 7 and also a slope calibration
with a buffer solution of pH 4. Other meters require
calibration with one buffer solution that is nearest in
unit value to the average pH of the sample. Since pond
water generally has a pH range of 6.8 to 8.5, meters that
require one single calibration should be calibrated us-
ing a buffer solution with a pH value of 7.

Plate 68. Pocket-type pH meter with corresponding, calibrat-
ing buffer solutions.

Plate 69. Extension attachment to oxygen probe and cable to
ensure bottom sampling.

Pocket/pen type pH meters are reliable for field
work. They are light, inexpensive and easy to handle
 Plate 68!. For proper calibration, the pH probe should
be submerged into the buffer solution with pH of 7
and allowed to remain for several minutes for stabi-
lization. By using the small calibration/adjustment
screw, the unit can be manually calibrated. The buffer
solution should be frequently double checked to
ensure a consistent reading as indicated. The solution
 buffer 7! generally comes in color yellow. If after a
period of time the color fades, the solution should be
discarded. The pH 4 buffer solution is red/pink and
has similar characteristics. These buffer solutions
should be stored in cool, dry, dark places and care
should be taken not to contaminate the master bottle.
For calibration purposes, a small 50 ml bottle can be
filled from the master bottle and used for instrument
calibration for four to seven days before discarding
and refilling with a fresh solution from the master
bottle. Use of this technique will incresase the effec-
tiveness and duration of the buffer solution.
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The pH probe should always be stored under
humid conditions �00 percent!, with a cotton swab
saturated with distilled water or buffer solution pH 4
placed in its protective cap. The acidic buffer solution
is generally more effective since it limits the growth
of mold and bacteria on the glass bulb of the probe
that may eventually cause distorted readings. The
probe should never be allowed to dry out.

Dissolved oxygen  D.O.! is also monitored twice
daily. Although there are a variety of reliable oxygen
meters on the market, the Yellow Springs Instrument
model 51-B is the easiest to operate in the field.

Calibration procedures should be followed as
described in the owners' manual, and the following
points should be remembered:
1. The zero and red line calibration checks should

be reconconfirmed every 10 readings to ensure
that the adjusting dials have not altered.

2. The sea-level calibration should be reconfirmed
at every reading. When the meter is not actually
monitoring and is being moved from one station
to the next, it should be in the "sea-level" calibra-
tion mode. Prior to the monitoring of the next
station, it will be a straight forward operation to
confirm the sea level calibration before changing
modes to make a reading.

3. The polarographic probe should be treated with
extreme care and kept in a 100 percent humidity
environment. The membrane and saturated KCl
solution should be changed every 15 days. Daily
checks should be conducted to ensure that no air
bubbles exist inside the probe cup, under the
membrane; if there are any, membrane and solu-
tion should be replaced, as air bubbles will dis-
tort measurements. Membranes should never be
directly touched in the area over the gold circle at
the end of the probes.

4. Probe should always be stored with its protective
cap  containing a cotton swab saturated with
distilled water! in place.

D.O. concentrations should always be measured
in the bottom 5 centimeters of the water column. The
most effective means of doing this without damaging
the polarographic probe by dragging it along the
bottom is to attach the probe and cable to a 2-meter
long stick. Allow the stick to protrude 5 cm past the
end of the probe, taping probe and cable along the
length of the stick with electrical insulating tape
 Plate 69!. When conducting readings, lower stick
into the pond until the end touches the pond bottom,
then slowly move laterally back and forth. D.O.
readings should be made at minimum water depth of
60 centimeters.

Water turbidity is measured in centimeters utiliz-
ing the common secchi disk. The vertical handle of
the secchi disk is marked off at 5 centimeter intervals
and also 2 centimeter intervals. The disk has a 30
centimeter diameter and is painted a sharply con-

Plate 70. Typical secchi diskfor measuring water turbidity in
ponds.

trasting black and white at the four quadrants  Plate
70!. By lowering the disk into the water vertically
until it cannot be seen and slowly bringing it up while
simultaneously twirling it back and forth until it is
visible one measures the vertical distance of visibility
commonly called turbidity.

Water turbidity is measured once daily during
the afternoon to allow the maximum amount of light
penetration. This measurement is highly subjective,
and, therefore, one person should be designated re-
sponsibility for monitoring water transparency data
as well as other hydrological parameters. On-line
fertilization rou ti nein Chapter 3 briefly discusses some
of the basic criteria used for turbidity monitoring.

Pond operation level is measured once daily
during the afternoon. Detailed procedures are dis-
cussed in Establishing pond operativelevel. Data should
be recorded on the Parameter monitoring control
sheets  Figure 12! as actual level over theoretical
operation level.

Hydrological parameter management
In the majority of cases, hydrological parameters

can be directly effected by manipulating the rate of
daily water volume exchange in ponds. Although
management policy for water volume exchange rates
on a daily basis was d iscussed in In- progress pond water
allowance for the different phases during a culture



cycle, these recommendations take on a secondary
priority level when a given pond experiences water
quality problems.

Ideally, close monitoring of daily water parameters
will help anticipate potential problems in ponds. This
should be the ultimate goal of the farm biologist,
since "stress free" culture cycles result in optimal
performance. By closely monitoring the diel cycle of
water temperature, pH, and D.O. concentrations, one
should be able to anticipate by two days any extreme
variations from the norm that might result in critical
problems.

Since not all potential problems can be circum-
vented, real emergency situations must be dealt with
by aggressive water management tactics to limit the
time frame of poor water quality, thereby limiting
possible stress induced on animals under culture.

Depending on the degree of stress, reactions may
vary from poor growth to significant mortality.

This section will address procedural steps and
follow-through decisions necessary to correct emer-
gency water quality situations.

Pond water temperatures
Although water temperatures are strongly related

to ambient atmospheric temperature as well as to
wind conditions, they may be significantly influenced
by the pond's water level. A hypothetical pond that is
operating at significantly lower water levels than
capacity is exposing more surface area in relation to
its water volume. This results in an increase in water
temperatures during sunny days, and a decrease
during cooler nights. The high degree of oscillation in
water temperatures during the 24-hour cycle may
result in unnecessary stress to the shrimp population.

Furthermore, the decrease in water temperatures
during the night will make shrimp lethargic and
result in a decrease in the feeding efficiency during
the time when it should be at its highest point. Average
minimum temperature differences of 2'C have been
observed in adjacent ponds with a difference of 40 cm
in operating levels. Units with depths of 80 cm aver-
aged a minimum of 22'C during windy seasons,
while 120 cm units averaged 24'C.

By maintaining pond water levels at their safest
maximum operation level less surface area, in relation
to water volume, will be exposed, thereby reducing
significant temperature oscillation between day and
night. The increased average water depth will insu-
late the bottom pond water and result in relatively
stable temperatures  +4'C! over the 24-hour cycle.
Subsequently, higher water temperatures during the
night will increase shrimp feeding response and ac-
tivity levels for improved growth performance.

Pond water levels should, therefore, be managed
at maximum allowable capacity  operative level!.
The farm biologist should manipulate the effluent
gate down boards to allow the pond water level to

Plate 71. Various sizes of weir gate down boards. Notice
van~ing toidtbs, a»d tongued and grooved edges.

adjust in accordance with necessary changes, on a
daily basis. Weir gate down boards should be avail-
able in various widths such as: 20 cm, 10 cm and 5 cm
 Plate 71!. By reviewing the data on the "Daily water
management summary sheets" shown in Figure 26,
the number of boards required to be installed or
extracted can be easily deduced. For example, if a
given pond shows a registered water level of 140/
150, the proper management decision would be to
install a 10-cm down board in all effluent weir gates
to allow the pond to fill to its maximum operation
level, and, once obtained, to drain normally.

Pond water temperatures are most important
during juvenile transfer operations and terminal
harvests. In both cases, water temperatures should
not be allowed to exceed 32'C. If temperatures ap-
proach the upper limit, fresh water should be allowed
to enter the pond.

Pond water salinity
Once the pond is "in progress" or in operative

mode with a shrimp population, there is very little
one can do to change water salinity. The reduction of
the water exchange may result in slowing the rate of
salinity reduction but the possible negative conse-
quences outweigh the possible benefits.

There have been attempts at temporarily in-
creasing water salinity in nursery ponds prior to
stocking by introducing raw rock salt from evaporated
salt ponds. The results have been, at best, inconclu-
sive and there is a significant risk of possible con-
tamination by heavy metals that may kill postlarvae.

There is a general procedure for prolonging the
time the pond water maintains its salinity during
heavy rainfalls. This procedure, as described in On-
line fertilization routine in Chapter 3, should be con-
sidered prior to stocking the pond, but should never
be utilized once the pond is properly stocked.
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Pond water transparency and coloration
Water transparency or turbidity is generally re-

lated to phytoplankton abundance in the water col-
umn. Chapter 3 briefly discusses the specific man-
agement criteria used in the interpretation of secchi
disk data and its relation to routine pond fertilization.
The strategies previously discussed should be used
as guidelines for water management.

The normal cycle for a developing algal bloom is
shown in Figure 5. Generally, the coloration associ-
ated with stage 1 on the curve is a highly transparent
light green representing low population density of
algae cells. Stage 2 will generally reflect a deeper
green color with decreasing water transparency and
the initiation of a yellowish hue. Stage 3 is charac-
teristically associated with a dark greenish-yellow
coloration, signifying a dense and more aged culture.
Stage 4 generally reflects a dark brownish-yellowish
hue typical of a mature and dense diatom bloom. In
the event of a bloom "crash," where there is signifi-
cant mortality in the algal culture, a milky white
coloration may persist and a high degree of trans-
parency in the water column may occur.

The goal of the technical staff should be to achieve
and maintain stage 4 during the majority of the
culture cycle. The color cycle expressed in the previous
paragraph describes typical progression of color se-
quence representative of life cycle of diatom algae.
Generally the fertilization program is directed at
specific enrichment of water based on the nutrient
requirement of the diatoms; however, if another group
happens to be in majority at a particular time, it may
easily bloom and suppress the diatom groups. When
this occurs, water coloration may become a deep
bright green  like green pea soup! or as in the case of
some dinoflagellates, a dark red, burgandy coloration
typical of "red tides." Both of these types of blooms
may be potentially dangerous and should not be
allowed to reach high concentration levels. Particu-
larly the red tide dinoflagellates, if allowed to reach
a high density bloom, may produce toxins resulting
in shrimp mortalities. In such an event, pond water
levels should not be lowered as this may result in the
concentration of the toxin-producing algae. When
such problems occur, all fertilization, as well as in-
troduction of organic loads such as feed, should be
temporarilly suspended. Water exchange should be
increased to 150 percent of the total daily requirement
and draining should be increased proportionately so
the operative water level is not increased.

Pond water pH
The diel oscillation of pond water pH is directly

associated with the photosynthetic activity of the
phytoplankton population in the pond. During the
mid-afternoon, when solar intensity reaches its peak,
the algae consume carbon dioxide and produce oxy-
gen. This increases the D.O. concentration and the pH

of the water. During the night, algae become "net
consumers" of oxygen and carbon dioxide is re-
leased, thereby lowering the pH.

The daily oscillation can be used to anticipate
algal blooms and potential D.O. concentration defi-
ciencies in ponds before they occur. Typical pond
brackish water pH measurements are 7.4 and 8.5 for
morning and afternoons, respectively. If the afternoon
value significantly increases, this may be interpreted
as indicating intense photosynthetic activity with
potential oxygen deficiencies during the night when
oxygen is consumed by the phytoplankton in the
respiration process. As a general rule of thumb, the
greater the oscillation or daily extremes, the greater
the potential for danger during the night, particularly
at pre-dawn hours.

As daily oscillation within a given pond begin to
increase, the technical staff should begin comparing
values of water turbidity and D.O. concentration. If
no abnormalities exist, the staff should be alerted and
initiate monitoring of D.O. earlier �400 hours � a.m.!
on a daily basis. If D.O. concentrations are observed
to be decreasing, an aggressive water volume ex-
change strategy should be immediately implemented
to reduce the risk of oxygen depletion in the pond.

The absence of any daily oscillation in water pH
should be directly correlated with high transparency.
In such cases, a slight increase in water pH may be
enough to stimulate an algal bloom if the fertilization
strategy is unsuccessful. In these situations, calcium
carbonate may be applied to the pond using the same
techniques as described in Chapter 3  Fertilization
procedures!. The dosage requirement for calcium
carbonate should be 40 kg per hectare of water sur-
face area. Allow two to three days for the application
to take effect.

Pond water D.O.

The water parameter abnormality that draws the
most attention and receives the most immediate reac-
tion from the technical staff is the occurrence of an

oxygen deficiency in a pond. There are two major
reasons for this deficiency: �! it may be the result of
photosynthetic respiration in a pond exhibiting a
high degree of photosynthetic activity, and �! it may
be caused by excessive biological oxygen demand
 B.O.D.!. Generally, oxygen depletion in a pond does
not occur without previous indicators. During peri-
ods of intense sunshine, the phytoplankton will
produce oxygen and the pond water may reach su-
persaturatedd levels, but excess oxygen will be partially
released into the atmosphere. During night, the same
phytoplankton will consume oxygen and if more
oxygen is consumed than was produced during the
day, oxygen depletion may follow. The same concept
applies to D.O. dynamics in a pond as for the analysis
and subsequent interpretation of daily pH oscillations.
The further apart the daily recording, the greater the



potential for possible problems. Extreme oxygen
depletion in a pond almost always results in shrimp
mortalities. Every effort should be made to anticipate
D.O. depletion and take remedial action. The most
effective remedial action consists of increasing the
water exchange rate to decrease the algal bloom
density in the pond and reduce organic load. The
water level should be decreased between 25 and 30
percent and immediately returned to operative water
levels by refilling. This may be performed several
times if the problem persists. This systematic ap-
proach should be used as a prophylactic measure to
anticipate and avoid a crisis.

When D.O. concentrations drop below 3.0 ppm,
shrimp can sometimes be observed swimming at the
surface. More critical depletions ranging from 1.0 to
2.0 ppm generally cause fish mortality. They can be
seen floating "belly up" on the ponds' surface or
accumulated on the downwind slope of the pond;
predatory blue crabs will attempt to migrate. D.O.
concentrations below 2.0 ppm generally result in fish,
crab and shrimp mortality. The number of dead
shrimp found on the shore is generally a small frac-
tion of the probable mortality on the bottom. It is
difficult to express the seriousness of oxygen deple-
tion in commercial production. If remedial emergency
action is not immediately implemented, an entire
pond biomass may be lost in a matter of hours.

All personnel on the farm should be instructed to
immediately report observations mentioned above
to the farm biologist. Personnel assigned to monitor
water quality parameters should immediately report
low D.O. concentrations <3.0 ppm!. When a D.O.
problem is identified filter screen cleaners should
immediately mobilize to the specific pond and work
only at that pond, effecting a vigorous exchange until
the problem is solved � working around the clock if
necessary. Two 20-cm down boards should be re-
moved from entrance and effluent weir gates to effect
the most immediate and significant water exchange
possible. The screen cleaner should be alert so that
increased pressure on the filter screen does not rup-
ture it. Water should be drained from the bottom of
the pond through the use of restriction boards.
Auxiliary pumps of 10, 15 or 20 cm should be mobi-
lized to circulate water in the stagnant areas of the
pond, or to pump water from an adjacent pond with
adequate D.O. levels into the affected pond.

Ponds suffering oxygen depletion or D.O. should
be continuously monitored; auxiliary pumps should
be positioned in areas of known oxygen depletion.
Application of feed to ponds sustaining D.O. deple-
tion should be suspended until D.O. is at suitable
levels. The technical staff should remain on alert for
several days to ensure that the crisis has safely passed.

Growth Monitoring
There are two major objectives for routine weekly

sampling of the ponds. Primarily, the average weight
of the population is determined to evaluate growth
performance, and secondly, but equally as impor-
tant, this is one of the few times during the course of
the week that the farm biologist is in direct contact
with the shrimp, and has the opportunity to conduct
an objective evaluation of their condition. By
conscienciously realizing these two objectives during
weekly sampling, the technical staff should be able to
achieve a relatively accurate picture of growth and
"condition" factors. These evaluations are based on

observation of captured shrimp.
Routine weekly growth sampling techniques for

the determination of average weight have been de-
scribed in Chapter 8 and 10. It must be emphasized,
however, that the farm technical staff should main-
tain uniformity and standardization in methodology
when taking weekly samples.

A graph depicting weekly growth and daily hy-
drological parameters can help management find the
"best approach" for achieving optimal growth; ie.
increasing or decreasing feed ration, increasing or
decreasing water exchange, increasing or decreasing
fertilization, etc.

Figure 30 illustrates the different parameters to be
plotted on the weekly growth graph. The horizontal
axis  x! represents culture time  days!, the vertical
axis  y! represents physical parameters that should
be plotted at daily intervals. The right- hand vertical
axis corresponds to the capture frequency for each
growth sample. These values should be represented
in bar graph form vertically, and they should be
plotted as weekly growth data point entries.

The diagonal line depicts growth of 1 gram per
week as a reference for evaluating actual growth
during the culture period.

These graphs should be maintained for all ponds
"in progress" and should be relied on as management
tools for evaluation of pond performance. Poor growth
can be readily observed by cross-referencing specific
physical parameters. When deflections in growth
curves are observed and probable causes attributed
to one or more alterations in any of the various
physical parameter curves, prompt action should be
initiated by the technical staff to correct the problem.
For example, if growth slows, and it is noted that
daylight D.O. readings have dropped to 2.5 ppm,
increased water exchange is warranted.

Routine monitoring assessment of population
There are many visual indicators that can be

utilized to approximate the shrimp population.
Management miscalculations, such as insufficient

feed ration, insufficient water exchange andexcess
fertilization might directly affect desired growth.
Certain physiological abnormalities in the shrimp
caused by the above or other alterations in the cultured
animal's environment, may be observed during the
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Figure 30. Graphic representation of weekly growth performance and specific physical parameters for "in progress" ponds.
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routine weekly sampling. When such observations
are accurately analyzed, corrective management
procedures can be implemented.

On the same sheets represented in Figure 13, the
weekly minimum and maximum values for the dif-
ferent water quality parameters should be recorded.
These values should represent the weekly minimum
and maximum for each particular water parameter.
The final two items � water color and feed ration�
should be the values for the specific day when the
growth monitoring data was sampled.

Direct observation of a relatively large number of
shrimp from a particular pond  �00 animals! is ideal
for making a subjective evaluation of its population.
Although 400 animals does not constitute a statisti-
cally representative sample of the pond population,
it is sufficient for establishing general trends in the
population. These data should be sufficient to establish
a management approach for a particular pond.

While conducting routine weekly growth sam-
pling, captured animals should be grossly evaluated
for several physiological characteristics. These char-
acteristics should reflect the general conditions for a
majority of the shrimp captured, and not just a select
group. The general physiological conditions should
be recorded in the observations section of the Growth
summary sheets illustrated in Figure13. The following
guidelines should be employed in reference to the
observation section on the summary sheets.

Spring or neap tide
Since capture frequency is strongly influenced by

lunar phases, the lunar phase corresponding to each
weekly growth sample should be identified. During
spring tides  new and full moons! the shrimp popu-
lation begins experiencing the pull of a migratory
instinct and nocturnal activity is significantly in-
creased. Many times an excessive number of shrimp
will concentrate at the entrance weir, sometimes such
increased activity results in significant mortality along
pond shores. Most ponds have specific areas where
shrimp tend to accumulate, and during periods of
increased migratory activity mortalities may be ob-
served in these areas, especially if the spring tide is
strong.

Installation of netting barriers � mm mesh! pre-
vents concentration of shrimp in certain pond areas
and diminishes surface jumping activity that might
result in excessive mortality. Areas that are charac-
teristically dangerous during spring tides are the
entrance and effluent weir gates and the shallow
pond shores bordered with aquatic grass or weeds,
especially on downwind borders. If a particular pond
consistently produces excessive mortalities during
spring tides at specific locations, precaution should
be taken to physically isolate the danger areas with
netting material.

Neap tides are characterized by quarter and half

Plate 72. Captured specimen representing between 75 and
100 percent gut fidl nes. Last tail segment is firmly squeezed
to compact fecal material in the gut. Notice dark gut on dorsal
edge of tail muscle.

Plate 73, Captured specimen representing 25 to 50 percent
gut fullness due to insufficient food availability.

moons  either ascending or decending!. These tides
generally do not stimulate migratory behavior or
hyperactivity, but a passive behaviorial response
with increased probability of synchronized molting
and burrowing activity.

Percent of gut fullness
Gut fullness is an index of the amount of feed

being consumed. Captured shrimp should be slightly
but firmly pressed on both sides of the sixth abdomi-
nal segment, causing the gut contents to compact
toward the head region, following which an evalua-
tion of fullness should be made  Plate 72!. The per-
centage value recorded should be a rough estimate of
the percentage of fullness for the majority of the
shrimp captured. Since these evaluations are sub-
jective, approximate values should be used as opposed
to precise determinations. A scale of 75 to 100 percent
full, 50 to 75 percent full or 25 to 50 percent full should
be employed.
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Normal populations will experience active feed-
ing responses resulting in full guts. Digestive tracts
containing less than 75 percent fullness may be in-
dicative of reduced feeding responses as a conse-
quence of stress, nonavailability of feed  underfeed-
ing! or sampling during mid-day when feeding ac-
tivity is diminished. The last interpretation can be
excluded by limiting the sampling to early morning
 <1000 hours!, or late afternoon hours.

Stress as a cause of diminished gut fullness  �5
percent! will generally be accompanied by other
physiological symptoms such as opaque tail tissue,
excessive red pigmentation on pleopods, or abnormal
swimming behavior. A low percentage of gut fullness
may also be indicative of insufficient feed, either
natural or pelleted  Plate 73!.

Shrimp will characteristically graze the bottom
consuming benthic filamentous algae, invertebrates,
detritus, bacteria, and pelleted feed. If they have
insufficient feed then the underfed animals will show
partially empty guts and demonstrate slow growth.
Possible weight loss as well as softening of exoskel-
eton texture may result. Underfed animals may be
present on the bank and be found trying to escape
from the pond during the early morning hours. If a
particular pond exhibiting poor growth also reflects
low percent gut fullness, with no sign of stress, and
the benthic analysis shows low productivity, then
these signs may be accurately interpreted as caused
by underfeeding.

When a particular population exhibits poor
growth, and a nutritional-related problem is sus-
pected, then a more sophisticated evaluation should
be conducted.

Shrimp with a healthy intake of food will charac-
teristically store lipid in the hepatopancreas for future
energy needs during times of low food availability.
The fat is stored as lipid vacuoles which can be
readily identified under normal light microscopy at
100 x magnification with wet squash mounts. It is
rather difficult to evaluate the relative frequency of
the lipid vacuoles subjectively unless the observer
has considerable experience. Since this operation is
time-consuming, it is generally not performed on a
routine basis, but should be done if growth diminishes
below acceptable norms. Take samples of five to 10
animals from the pond with diminished growth and
take an additional five to 10 animals from any pond
reflecting optimal growth  shrimp of basically the
same weight! and compare the concentration of lipid
vacuoles in the hepatopancreas. The hypothesis is
that hepatopancreases containing a high degree of
lipid vacuoles generally belong to populations that
are feeding aggressively. Populations that do not
have sufficient quantities of feed available may not be
able to store significant levels of lipids, thus resulting
in a relatively low degree of lipid vacuoles accumu-
lated in the hepatopancreas.

Molting
Soft carapace texture is indicative of the post-molt

stage. The molt requires that shrimp first shrink by
eliminating body fluids  water! from their tissue. The
shrinking separates body tissue from the exoskeleton
and may be associated with slight weight loss. In the
second phase, the body separates from the exoskel-
eton completely. Sometimes the shrimp will partially
consume its discarded exoskeleton. The consump-
tion of calcium and chitin is thought to accelerate the
setting and hardening of the new carapace. Once the
shrimp has discarded its carapace, it is vulnerable
since it lacks its protective exoskeleton. During this
phase, shrimp will generally burrow into the mud.
The third phase of the molting cycle is associated
with an increased amount of water absorption by the
body tissue and the formation of the new exoskeleton.
This phase is generally associated with a significant,
apparent weight gain. Once the shell has hardened,
the shrimp will eliminate the excess water absorbed
by its body tissue  resuming normal body weight!.
The exoskeleton completely hardens and the space
between the body tissue and the new exoskeleton,
which was formed when the shrimp released the
excess body fluids, is the space for future growth.

The entire molting process, from body shrinkage
to final hardening of the new exoskeleton, occupies a
two-day period. The frequency of molting is directly
related to growth rates, but generally may occur once
every two weeks.

In general, molting eliminates external parasitic
problems as well as opportunistic bacterialor carapace
fungal infestations. Although these problems are
usually correlated with poor water quality, molting
permits frequent ridding of various infestations by
the shrimp. On the other hand, the molting cycle
dangerously exposes the shrimp to cannibalism and
predation. If pond sediments contain significant lev-
els of hydrogen sulfide, shrimp that burrow into such
conditions have less chance of surviving. If they do
survive, growth rates may diminish as a direct result
of exposure to toxins.

Soft exoskeletons may also be associated with
nutritional deficiencies or lack of sufficient food
sources. This case is particularly true if soft carapace
conditions persist for extended periods of time. The
application of finely ground calcium carbonate
 CaCO~! directly over the ponds surface area at 90 kg
per hectare  approximately 8.0 ppm concentration!
may help harden the exoskeleton.

Small fractions of the population are continually
in the molting phase, particularly in ponds that have
been stocked over long periods of time and that may
actually contain many subpopulations defined by
different weights. In such situations it is uncommon
to observe sychronized moltsby the many populations
within the pond.

Juvenile transfers and pond harvest should never
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Plate 74. Black spot disease caused by several genera of
bacteria, pri>narily of the Pseudomonas gnnzp. The erosio>z
of the exoskeleton ca«sed by thi» opportzz>zistic bacteria, as
well as tlze >nela>>ization process, ca«ses black spots.

Plate 75. Normal antennae length in specimen on top, zohile
lozz>er specimen exhibits short, czz t ante>>nae possibly damaged
dzze to high density conditio>zs.

Plate 76. 5 pecime>z affected kj cramped tail condition  top!.
Lozz>er specimen is nornzak

be initiated when molting is observed at frequencies
greater than 5 percent. Lack of the exoskeleton will
undoubtedly cause increased mortalities in juveniles
transferred or increased broken and damaged shrimp
during final harvests. This will result in poor market
value of the product.

Fungal infestation
Contamination by common fungal species, such

as F«sari«nz solani, is common in semi-intensive pro-
duction ponds that exhibit poor water quality due to
either inadequate water exchange or to excessive
organic loading.

General field identification of fungal contamina-
tion is straightforward since the fungal infestation
generally affects the exoskeleton and can be readily
observed. Infestations are usually small "high relief"
circular colonies of an off-white to yellow coloration.
In advanced stages, in larger animals that molt less
often, fungii may penetrate the exoskeleton and cause
extensive damage to muscle tissue. Such conditions,
if widespread, may significantly affect the market
value of the shrimp population.

Small fungal contaminations will generally be
shed during molting and, if water exchange is in-
creased and water quality improved, limited damage
will be caused.

Chitinous bacterial infestation

Opportunistic bacteria will generally not affect
shrimp unless the primary defenses  exoskeleton!
have been compromised. If the exoskeleton has be-
come damaged, the opportunistic chitinous bacterial
genera, Psezzdo>no>zas, may cause exoskeletal erosion.
This, along with the process of melanization, gives
the appearance of black spots  Plate 74!.

The frequency of black spot disease characteristi-
cally increases during the spring tides when the
shrimp population concentrates in certain areas and
becomes hyperactive. When shrimp accumulate, le-
sions or abrasions caused from rostrums penetrating
carapaces result. Other causes, such as predator at-
tacks or scraping against the rough edges of concrete
weir gates, similarly result in carapace lesions that
facilitate infestations of chitinacious bacteria.

Black spots generally disappear or diminish with
the following molt. Preventive measures such as
limiting access of animals to shallow water by in-
stallation of netting barriers, minimizing physical
abrasions caused by contact with rostrums, and
elimination of predators  blue crabs! also will decrease
the frequency of black spots.

Antennae length
Sampled shrimp should be evaluated for normal

antennae development and length. Antennae are
characteristically fragile organs and are easily dam-
aged or broken when shrimp are concentrated. High
frequency of broken antennae is indicative of good
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survival  Plate 75!. This observation should be cross-
referenced with capture frequency during weekly
sampling.

High capture frequency as well as high frequency
of short, broken antennae may indicate good survival
and high density. Low capture frequency and high
frequency of short antennae may indicate that al-
though population density is not appreciably high,
the shrimp may be damaging themselves during the
spring tides as a consequence of concentration in
restricted or small areas.

Gill coloration

Gill coloration can many times be indicative of gill
condition thatmayalsobedirectly projected to shrimp
condition. Normal gill coloration is an off-white with
a yellowish hue. Dark brown coloration may bea
consequence of the cast net technique that drags the
specimen through the mud. As a result, the mud
accumulates in the gill cavity and may be inaccurately
interpreted.

When the specimens' gills exhibit dark brown or
dark greenish coloration  not as a consequence of
mud accumulated during sampling!, it may indicate
a protozoan infestation otten accompanied by bac-
terial infection. Protozoan gill infestations are directly
related to water quality. Significant damage to the
gills reduces osmoregulatory and gill absorption ca-
pacities, which causes animals to become more sus-
ceptible to low concentrations of D.O.. Animals with
normal gills can survive D.O. concentrations as low
as 1.5 to 2.0 ppm, whereas animals with severe pro-
tozoan gill infestation are susceptible to mortality at
D.O. of 2.0 to 2.5. Slower growth may also be attrib-
uted to heavy protozoan gill infestation. A vigorous
water exchange program can usually clear up this
problem.

Morphological disorders
In large populations it is normal to have morpho-

logical disorders; however, if, during the growth
monitoring, morphological abnormalities are ob-
served in significant numbers they should be recorded
on the "Summary shrimp weight monitoring sheets."

Disorders such as bent rostrums and runting or
dwarfism are generally associated with marginal
quality shrimp stock. A certain percentage of the
population may be affected  < 20 percent! but will not
necessarily influence the balance of the shrimp popu-
lation in the pond.

Cramped tail condition, in which the tail is folded
under the thorax and cannot be straightened, is a
condition of unknown etiology  Plate 76!. This condi-
tion has generally been highly correlated with high
density and additional stress-causing factors such as
acidic pond bottoms   pH < 6.0 !, low water exchange
rate or poor water quality. This condition can gener-
ally be stimulated by the stress caused by cast net

Plate 77. Cotton tail disease associated with distinct white/
opac/tie nl 1zscle tissue coloration, of unknown etiology. Lower
specimel l is norn1 zL

capture, in which a seemingly normal specimen im-
mediately exhibits cramped tail condition upon
capture. If the shrimp population is reduced by ju-
venile transfer  as in the case of nursery ponds! or by
partial harvest in production ponds, in most cases
this cramped tail syndrome can be alleviated.

Cotton tail disease is another disorder of un-

known origin, but is one generally associated v ith
poor water quality  low concentrations of D.O. or
elevated concentrations of ammonia!  Plate 77!.

For a concise and complete description of abnor-
malities and diseases in cultivated Penaeid shrimp,
refer to Johnson �989! and Lightner �988!.

Specimen processing and preservation
There are many diseases and disorders whose

etiologies remain unknown, but in an effort to iden-
tify known diseases and to document poor pertor-
mance when possible with pathological reports, it is
necessary to preserve specimens demonstrating ab-
normalities, or specimens that appear to be normal,
but come from nurseries or ponds with poor survival
rates.

If any significant  	0 percent! number of mor-
phological or physiological abnormalities are ob-
served during routine weekly growth sampling, or
when nursery survival during transfer, or pond
survival during harvest is much lower than antici-
pated, samples should be taken and specimens pre-
served.

Bell and Lightner �988! give an excellent over-
view of histological examination of cultured shrimp,
predominantly P. styli rostris. Accurate interpretation
of histological sections for disease determination is
difficult, and takes many years of study to master.
This book, however, covers the importance of proper
sampling and preservative procedures so that
histopathological analyses will not be jeopardized
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Figure 31. Fixative itj tectiott poittts along lateral side of specimen. The
hepatopancreas shottld receive a gt tterous share of fixative.

Figttre32. Both lateral sides ofcarapace should b»cut frtmt rostrum to telson,
takingcare not to c«t deepltt ittto ttttderlying tissue.

due to improper preservation and
preparation of tissue.

All specimens should be collected
while alive and preserved  fixed! im-
mediately; otherwise, stress factors may
alter the appearence of histopath-
ological sections of tissue being ana-
lyzed. Between six and 10 specimens
should be sampled and fixed with
Davidson AFA  Bell and Lightner,
1988!. One liter of Davidson fixative is
made of the following:

a. 330 ml 95 percent ethyl alcohol.
b. 220 ml 100 percent formalin.
c. 115 ml glacial acetic acid.
d. 335 ml distilled water.

Note that this compound should
be stored at room temperature.
The procedures described below

should be followed explicitly to ensure
correct preservation techniques. These
procedures are condensed from Bell
and Lightner �988!; for more elaborate
d etail this reference should be reviewed.

1. Select between six and 10 live

specimens that exhibit abnormal
behavior, discoloration. etc. Speci-
mens must be sampled alive.

2. Maintain specimens in bucket with
water and oxygen prior to initiat-
ing preservation procedures.

3. Wearing surgical rubber gloves, the
fixative should be injected with
syringes laterally at points identi-
fied in Figure 31.

4. Quantities injected depend on the
size of the specimen; about 5 cc of
fixative is generally sufficient for
shrimp weighing 23 grams.

5. Once injections are complete, the cuticle  cara-
pace! should be cut with scissors along the entire
length of a lateral side as shown in Figure 32.

6. Following the injection of fixative and lateral
incisions, the specimen should be submerged in
the fixative solution for 24-hours.

7. After 24-hours submerged in Davidson fixative,
the specimen should be transferred to 50 percent
ethyl alcohol. In this alcohol solution, storage at
room temperature is indefinite.

8. All samples should be properly marked so that
when shipped for histological work-up at diag-
nostic centers, as much data as possible will be
available for accurate disease determination. This
minimum amount of information should accom-

pany each sample: Date, farm, pond, average
weight of animal, origin of animal  hatchery,
wild!, days in culture, observations of why sample
was taken  list abnormalities or suspicions!.

Bottom Sampling
Analysis of pond bottom can help in assessment

of environmental conditions that support the shrimp
population. Since shrimp are benthic animals and
spend the majority of the time near or on the pond
bottom, periodic evaluation of sediment conditions
will serve as effective indirect analysis of the envi-
ronment in which the shrimp are living. The "Sum-
mary weight monitoring" sheet lists several factors
that should be evaluated during weekly sampling
other than average weight determination.

Three benthic samples should be collected from
each pond in such a manner that the surface layer
remains undisturbed. The sample size should repre-
sent approximately 100 cm  Plate 78!. These samples2

can be collected with a common shovel, and do not
have to be deep core samples since the analysis is
restricted to the surface layer.

Figure 33 illustrates where samples should be
collected in a typical nursery or production pond.
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Figure 33. Locations for benthic sampling station in typical ponds.

Two of the sampling stations should be representa-
tive of the deeper areas of the pond adjacent to pond
dikes � and 3!. The third station should be represen-
tative of the central, shallower areas of the pond �!.

Benthic fauna and flora
The benthic samples, should be examined under

a dissecting microscope and, since these examina-
tions are highly subjective, the evaluation should be
restricted to a simple "yes" or "no." The examiner
should carefully scan the sample without disturbing
the surface layer. The presence or absence of attached
filamentous green or blue-green algae should be
recorded. If present, the algal layer will generally be
very minute and of a greenish-brown color. The
presence of benthic alage is beneficial in that it pro-
vides a substrate that sustains secondary productiv-
ity such as copepods, nematodes and polycheates. To
a limited degree, shrimp also benefit from direct
consumption of benthic algae. This layer of primary
productivity serves as the principal food source for
the benthos, and its' presence indicates that the pond
is productive. Absence of this algae may be a strong
indicator of insufficient food available. When nutri-
tion becomes the limiting factor, the population will
graze on benthic algae and virtually clean the pond
bottom of living organisms.

Once the examiner has accurately noted the pres-
ence or absence of benthic algae, he or she should
evaluate the benthic fauna. The examiner should
slightly agitate or disturb the surface layer with a
needle. Movement in and around the mud sample
might be indicative of copepods, nematodes or other
fauna. Polycheates are much easier to identify since
the colony tubes are visible on the surface of pond
bottoms. Any movement observed in the sample as it

Lateral

Plate 78. Example of bottom sample collected for evaluation.
Notice surface layer is undisturbed.

is being disturbed with a needle indicates the pres-
ence of invertebrates, and should be recorded.

Benthic sulfides
Organic material in pond sediments will undergo

either aerobic or anaerobic decomposition. Optimal
decomposition of organics should take place under
aerobic conditions in the presence of oxygen. Under
such conditions ammonia will be produced when
proteinaceous material is decomposed. Ideally, am-
monia concentrations will be oxidized by nitrifying
bacteria found in aerobic sediments, and nitrates will
be libera ted.

When pond sediments are anaerobic  lacking
oxygen!, the decomposition of organics results in the
production and eventual build-up of hydrogen sul-
fide. High levels of sulfides may cause shrimp to go

Dikes
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off feed and often result in increased mortalities. The
prevention of sulfide build-ups in pond bottoms
should be a major objective, although this may be
difficult in larger production ponds. There are a
variety of ways to oxidize and eliminate hydrogen
sulfide from pond bottoms. Many of these methods
are cost prohibitive for most commercial-size opera-
tions and will not be discussed here.

The three benthic samples collected should be
organoleptically examined for the presence of hy-
drogen sulfide odor. A slight odor will be present, but
it does not necessarily indicate that the pseudo-equi-
librium has been broken. The identification of the

odor is important since it can be correlated with
phytoplankton crashes or overfeeding. A strong hy-
drogen sulfide  rotten egg! odor of large areas of the
pond will generally require the suspension of feeding
and the increased water exchange rates for five to
seven days.

Frequently, the presence of significant hydrogen
sulfide is restricted to small areas. These areas are

often near effluent weir gates and downwind corners
of the pond that collect floating organics. A major
source of floating organics is benthic algae. When the
majority of an algalcolony dies, the "anchors" weaken
and the living portion of the colony produces suffi-
cient oxygen to float the mat to the surface. At the
surface, the wind transports it to the downwind side
of the pond. When the entire colony has died, it sinks
to the bottom, and hydrogen sulfide can then be
produced if conditions are anaerobic. Contaminated
areas can be located by introducing a long stick into
the mud and observing large, sulfide bubbles rising
to the surface.

These restricted areas with heavy sulfide con-
tamination should be physically removed or chemi-
cally treated during the culture cycle because if they
are not neutralized, growth performance and feed
conversion may suffer. If the highly contaminated
area is along the downwind shoreline, the water level
might be reduced by 20 centimeters, allowing some
of the shore to be exposed. By manually removing the
mud, much of the contamination may be eliminated.

There are times when large quantities of contami-
nated sulfide sludge will accumulate in front of the
effluent weir gate at a distance of approximately 10
meters. In such cases, the most effective manner of
elimination is to remove three effluent down boards,
place a person to clean the filter screens continuously
and dispatch laborers to resuspend the bottom sedi-
ment manually. The strong current created by in-
creased draining will flush sulfides from the pond.

Both techniques described represent physical
elimination, which is generally safer and most cost
effective. However, if hydrogen sulfide contamina-
tion is present over an extended surface area, chemical
decontamination may be necessary. In this case, iron
oxide ore can be applied over the affected area at a

dosage of 2 kg per square meter. The ore will react
chemically with hydrogen sulfide, leaving neutral
ferrous sulfide. The ideal strategy is to monitor the
presence of sulfides at bi-weekly intervals and try to
limit their build-ups.

Presence of excess feed
Benthic samples should also be examined for

presence of excess feed. Excess feed can manifest
itself in two forms: �! floating, decomposed feed,
approximately 48 hours old; and �! uneaten or dis-
integrated pellets on pond bottoms, in which case
feed rations should be cut back by 50 percent and
slowly increased every two days while closely
monitoring for excess. If excess pellets are again
observed, daily rations should be reduced by 10
percent per day.

The presence of excess feed should be closely
monitored as it indicates poor management tech-
niques and may result in significant financial losses
through poor feed conversions. Any observations
relating to excessive feed should be immediately
reported, and corrective measures implemented.
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Chapter 12

Final Product Harvest

Prior to establishing the pond harvest date, con-
firmation on estimated size classifications of the
population as well as an overall evaluation of carapace
hardness should be performed. After the harvest
date has been determined  preferably during the
week of spring tides! the packing house should be
advised at least three days prior to deliveries.

The icc requirement is one weight unit of shaved
ice per one weight unit of harvested product. Since
most harvests are accomplished at night, ice can be
ordered to arrive during the late afternoon prior to
commencing harvests. A harvest should not be ini-
tiated unless thc ice is physically present. Without
ice, the product will spoil.

Two days prior to harvest, the pond operative
water level should be gradually lowered. Harvesting
procedures normally begin with a water level of
approximately 30 percent of the established operative
level. Fluctuating water levels occasionally induces
molting, therefore, reduction of water levels for
harvest should be extended over two days.

As water levels arc reduced, water temperatures
and D.O. concentration should be monitored more
frequently  six times pcr day!. Extra caution should
be realized in predator control  birds! and also in
assignment of day/night watchmen, positioned to
prevent poaching, since the product is especially
vulnerable as water levels are decreased.

Gravity harvest bag nets should be securely fas-
tened to the effluent side weir gate culvert  Plate 79!.
These bag nets should be examined prior to use to
ensure that they are in good repair.

The bag net is usually constructed of 7 mm2 seine
net material approximately 8 meters long and 1.5 to
2.0 meters in diameter. It should be securely fastened
to wood posts.

At traction lights should then be positioned. These
lights are identical to the lamps described in Chapter
11  Weir board config~uration!. As in transfer opera-
tions, these lamps greatly increase harvest efficiency.

Gravity harvests should begin no earlier than
1700 hours � p.m.!. Effluent gate restriction boards
and filter screens should be removed. Enough down
boards �0 cm! should be extracted to allow a sig-
nificant drainage current at the harvest gate.

Initial emptying of the harvest bag net should be
performed after the first 15 to 30 minutes, as the
harvest bag will generally fill with mud and debris
that have accumulated near the effluent gate. Once
the gate has been flushed clean of debris, the bag net
should be emptied when it contains approximately
700 gross kilograms or after 1.5 hours, whichever

Plate 79. Harvest bag nets of 7 mm' netting fi'rmlyattached
to effluent culvert.

Plate 80. Effluent gate with divided culvert greatly facilitates
harvesting procedures by eliminating the temporary suspen-
sion of harvest in order to empty bag.

comes first. Exceeding these limits may result in
product damage due to pressure buildup within the
bag.

The ideal effluent gate harvest tunnel allows the
option of harvesting from either of the two sides. This
allows a two-bag harvest. When one is full and ready
to empty, the mouth of the net can be closed and the
adjacent bag can be opened  Plate 80!. In this way,
harvest can continue without interruptions. The other
alternative is the single culvert set up where only one
bag net can be attached at a time  Plate 81!, and
harvesting must be temporarily suspended while the
bag net is emptied. The disadvantage of this procedure
is when effluent gate down boards and filter screens



Plate 81. Effluent gate with simple culvert necessitates stop-
ping harvest procedures when emptying bag net.

Plate 82. Weighing and recording cleaned product prior to
icing and loading in truck.

are replaced in the weir to reduce the water current
and allow personnel to extract the harvested product
from the net manually, the backpressure may disperse
the population toward the center of the pond, thereby
reducing harvest efficiency.

In many cases, commercial ponds will contain
two effluent weir gates that can be harvested simul-
taneously. While one is being emptied, the other
continues harvesting and vice-versa.

While harvest bag nets are being emptied, shrimp
should be separated from mud, sticks, fish, crabs and
other debris, and washed. Washing will help remove
mud and bacteria that may have accumulated in the
head region and gill cavity. The presence of excess
mud and bacteria will accelerate decomposition and
may result in quality loss.

Prior to icing, each container of shrimp should be
weighed and accurately recorded  Plate 82!. Prior to
icing, the product can be dipped in an ice water slurry
containing chlorine at 10 ppm for 20 seconds. This not
only checks bacterial development but pre-chills the
product prior to icing.

The harvested product should be iced in the con-
tainers used for shrimp delivery. Each container
should receive approximately 10 cm of shaved ice on
the bottom, then 23 kg of shrimp, and, finally, another
layer of shaved ice approximately 10 to 15 cm thick
should be applied over the surface before storing
 Plate 83!.

At the end of each night  before 0800 hours [8
a.m.]!, the total tonnage should be determined. This
information will be dispatched with the sealed con-
tainer truck, along with the respective bill of lading.

The farm biologist should always compare the
results of packing plant product classification  tail
count per pound! with analyses performed at the
farm of specific samples taken during the harvest
operation. To ensure minimum discrepancies during
product reception and processing at the plant, a
trusted representative from the farm should be present
during this reception and processing.

When a production pond has been completely
harvested, a Pond performance data sheet  Figure 34!
should be completed. These data sheets greatly facili-
tate the maintenance of yearly pond records and
summarizes important data pertaining to each culture
cycle.

Plate 83. Product placed in transport boxes and iced. Notice
top ice layer of approximately 10 cm.

Partial Harvests

Sometimes it may be advisable to harvest certain
ponds with exceptionally low growth performance
 <.60 g/week! partially. This is especially true when
the reduced growth rate is attributed to possible
over-stocking. Partial harvests are also beneficial in
cases of cash flow deficiencies. In either case, partial
harvests should be conducted in the same manner as

complete harvests. The only modification is the sus-
pension of the operation when the required tonnage
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Figure 34. Pond performance data sheet.
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has been harvested.
In the majority of cases, a partial harvest of 30 to

50 percent of the total population results in an ac-
celerated growth response for the population re-
maining in the pond.

Partial harvests of 50 percent at 36-40 and 41-50
tail count size and completion five weeks later at 21-
25 and 26-30 classification may be a very profitable
strategy if ponds are slightly overstocked  >12 juve-
niles per m~!.

Harvests for European Markets
A portion of the European market requires its

product with the head attached. Whole product pre-
sentation constitutes a potential source of quality
control problems since the majority of organs and
digestive enzymes are found in the cephalothorax
region. These organs are the first to decompose and
freezing will not substantially prolong prevention of
deterioration in quality. Consequently, heads-on
product designated for European export must be
handled and treated under different conditions to
ensure high quality.

Shrimp harvested for this particular market
 heads-on! must be harvested live just as in juvenile
transfer operations. Harvest bag nets should be
emptied every 15 to 20 minutes so the pressure build-
up within the harvest bag does not kill animals being
harvested.

Live shrimp should be quickly weighed and then
submerged in a chilled ice slurry fresh water solution
� C! containing 5.0 ppm sodium metabisulfite for
seven minutes before icing and packing for transport.
The sodium metabisulfite solution should be main-
tained at a 5.0 ppm concentration by adding 1.0 ppm
for every 450 kg of product processed. The shrimp
must be alive to be able to absorb the chemical into
their organs and tissues. After the seven-minute dip,
shrimp should be treated as any other product, with
careful and quick handling to ensure the highest
quality standards.
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