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Abstract

Successful high intensive shrimp grow-out schemes typically use
deep ponds {1-2 m) together with acration/circulation. Little is known,
however, why deep ponds are more productive than shallow ponds. It is
imponant to understand the water quality and production dynamics of
ponds of different depths to develop appropriate shrimp culture methods,
The effects of water depth and circulation on the production of the giant
tiger shrimp, Penaeus monodon, in 0.1-ha earthen ponds were tested in a
3 x 2 factorial experiment, with three depth treatments (0.5, 1.0 and 1.5
m) and two circulation regimes (daytime circulation and uncirculated).
Stocking density was 4 postlarvae/m2. Production and survival were
determined after five- and four-month culture periods during the dry and

" wet seasons, respectively, in 1985. Water circulation positively
influenced primary productivity, decreased the surface temperature, and
reduced stratification of temperature and dissolved oxygen. Water depth
significantly affected almost all water quality parameters, the deeper
ponds producing shrimp of significanily larger size. However, there were
no treatment effects on shrimp production due to an inverse relation of
survival and average size. It can be said that water depth and circulation
profoundly affect the water quality of brackishwater shrimp ponds, but
that the effects on shrimp production are not apparent at the stocking
density used in this experiment. Further tests at higher stocking densities
are necessary to establish the causal relationships of water depth, survival
and average size of shrimp.

Introduction

One factor that contributes largely to the success of
semi-intensive and intensive penaeid grow-out schemes is
effective water management. There are several water
management techniques for penaeid pond culture, all
involving varying water depths and circulation/aeration
methods (Kungvankij 1985). Average pond water depth
and water movement are two important factors that can
affect numercus aspects of pond environments. These
include effects on the heat budget, thermal and chiemical
stratification, minimum oxygen concentrations and
ultimately the growth and survival of the shnimp.

The Taiwanese are well known for their outstanding
achievements in the development of penaeid pond grow-
out systems (Liao 1985). These schemes depend heavily
on deep water and substantial circulation/aeration and yet
there appears to be a lack of basic irformation regarding
the environmental dynamics of these -systems. It is
important to understand these pond dynamics in designing
appropriate grow-out strategies for shrimp in countries
with economic situations different from those of Taiwan.
For example, energy intensive systems are not as
prohibitive in Taiwan because of low encrgy costs,
whereas energy costs in the Philippines often make
intensive culture systcms uneconomical, Furthermore,
Taiwancse shrimp ponds are usually deep, as much as 1.8
m, (Fast et al., unpublished data) while the majority of
brackishwater fishponds in many Southcast: Asian
countries arc as shallow as 0.5 m. It maybe improbable,
therefore, for the shallow ponds in the Philippincs to be
uscd for intensive shrimp grow-out using Taiwanecsc
techniques. The purpose of this study was to cvaluate the -
cllccts of different water depths and water circulation
regimes on water quality as well as growth and survival ol
the giant tiger shrimp, Penacus monodon, in carthen
ponds.
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Materials and Methods

A 3 x 2 factorial design was used to test the effects of
depth and circulation on water quality and shrimp
production in earthen ponds. Eighteen 0.1-ha earthen
ponds were used, with depth treaiments of1.5,1.0and 0.5
m. Three ponds in each depth treatment were subjected to
artifical circulation during the daytime (6 a.m to 5 p.m.),
while the other three were not. Circulation was done by a
device consisting of a 1/8-hp electric motor, driving a
submerged 46-cm fan-type impellor at 86 rpm similar to
those described by Fast et al. (1983).

The experiment was conducted twice, with a 150-day

grow-out during the dry season (December 1984-April
1985) and a 120-day grow-out during the wet season
(August-December 1985). The ponds were prepared by
draining, drying, applying agriculwral lime and chicken
manure at 2 t/ha to each, and then gradually flooding to
grow benthic algae (lablab). In each trial, P. monodpn
postlarvae were stocked at 4/m2. The average weight of
initially-stocked postlarvae during the dry season was 4.7
mg and during the wet season 2.1 mg. Feeding ratc was at
10% average body weight during the sccond month of
grow-out, 8% during the third month and 4% during the
final month. Formulated feeds were not applied during the
first month. Water ecxchange was twice a month,
depending on the occurrence of spring tides, at a rate of
50% of total water volume each time. Additional water
exchange through pumping was sometimes necessary
during the later stages of grow-out because of low:
dissolved oxygen levels. Emergency acration with a 1/2-
hp paddle wheel acrator was also used occasionally.
) Salinity was measured daily with a refractometer.
Dissolved oxygen and temperature at varying depths at
different times of the day were measured three times a
week with a YSI oxygen meter. Visibility with a secchi
disk and pH with a Corning pH meter werc also measured
three times a week. Chlorophyll a concentrations, un-
ionized ammonia, nitrates, nitrites, dissolved
orthophosphate and plankton levels were monitored twice
a month. Chlorophyll a concentrations were determined
according to Lind (1974). Concentrations of un-ionized
ammonia, nitrates, nitrites and dissolved orthophosphate
were determined with the methods of Strickland and
Parsons (1976). Un-ionized ammonia and dissolved
orthophosphate were analyzed by the phenol hypochloride
and ascorbic acid methods, respectively. Phytoplankton
were counted with a hemocytometer, zooplankton with a
Sedgewick rafter. Prawn growth was monitored once a
month by weighing a subsample of shrimp from cach
pond.

The SYSTAT package (Wilkinson 1984) was used
for all statistical analysis. Water quality data wecre
averaged monthly corresponding to intervals between the
shrimp sampling dates. A two-way ANOVA factorial
analysis with replication per sampling was done on the
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water quality parameters. A stepwise multiple regression
analysis was done to determine which of the variables best
predicted the average size of shrimp per sampling (i.e., the
growth of shrimp). All the water quality variables listed in
Table 1 were initially entered in the model (both alpha to
enter and alpha to remove levels were p = .15).

The analyses of growth and harvest data for the dry
season are not presented here because the large number of
finfish intruders in the ponds made it difficult to assess
treatment effects on P. monodon alone. During the wet
season, ponds were treated with an ichthyocide (teaseed
cake) controlling intruders to negligible levels (Minsalan
and Chiu, this vol.). A two-way factorial ANOVA was
done on the wet season harvest data.

Results and Discussion

Most water quality vaiues changed significantly
during the grow-out period, with the exception of un-
ionized ammonia concentrations (Table 1), which were
also unaffected by any of the depth or circulation
treatments. It is possible that ammonia nitrogen is readily
metabolized in brackishwater ponds and rarely attains high
concentrations. Seasonal weather changes are most
probably the reason for changes in pond temperature and
salinity during the grow-out period. Changes in
productivity and nutrient concentrations with time were
perhaps due (o an increased feed loading during the grow-
out. These changes were exemplifiéd by increases in
sccchi disk depth, dissolved oxygen, chlorophyl
concentration, phytoplankton, zooplankton, nitrates,
nitrites and reactive phosphorus.

Most of the water quality parameters were
significantly affected by the depth treatments (Table 1).
Those variables related to productivity (secchi disk depth,
momning and = aftermoon  oxygen concentrations,
Chlorophyll -a, phytoplankton and zooplankton) and
nutrient concentrations (nitrites, nitrates and reactive
phosphorous) were significantly higher in the shallower
pond. This is undoubtedly due to lesser volumes of water
in the shallow ponds, since all ponds received equal fced
applications. Cole and Boyd (1986) have shown that
average concentrations of such water quality parameters as
Cholorphyll a, nitrite nitrogen and chemical oxygen
demand increase with increasing feeding rates. A similar
rclationship is expected with equal feed applicatons to
ponds with decreasing water volumes. The shallow ponds
also proved to be less stable environments with regard to
diurnal temperature fluctuations. These ponds had
significantly higher afternoon and significantly lower
morning temperatures (Table 1).

There were few significant treatment effects due to
circulation. Daytime circulation did, however, appear to
lower the surface temperature of the pond. There was
significantly lower afternoon temperatures during the dry
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season and significantly lower moming temperatures
during the wet season in circulated ponds. Daytime
circulation also appeared to increase primary productivity
as Chlorophyll a concentrations were higher in circulated
ponds during the wet season. This increase in primary
productivity due to circulation is also evidenced by higher
dissolved oxygen concentrations in the afternoons.
Daytime circulation also substantially decreased thermal
and oxygen stratification in the pond throughout the
diurnal cycle.

In both trials, the average shrimp size per sampling
was significantly higher in the deeper ponds (Table 1).
The faster growth of shrimp in the 1.5-m and 1.0-m deep
ponds than in the 0.5-m deep ponds during the wet season
trial is illustrated in Fig. 1. During the wet season,-shrimps
were larger in circulated pond water and significantly
larger in circulated water in deeper ponds (Table 1).
Growt1h, therefore, appears affected by both water depth
and circulation.

Depth was retained by the stepwise regression
procedure as a significant indicator of shrimp growth
during the wet season (Table 2). Salinity was also retained
in the model in view of its importance to the growth of P.
monodon. Various other water quality parameters were
also retained in the model which reflect the productivity
(morming and evening dissolved oxygen and
phytoplankton densities) and feeding rate (ammonia and
nitrates) influences on shrimp growth.

There were significant effects of water depth on both
size and survival of P. monodon (Table 3). These
~ dependent variables were, however, inversely related. Size
was ‘larger but survival was lower in deep ponds. A
regression of size versus survival was significant (y =
125.3-1.8x, probability regression F ratio = .002). This
inverse rclationship explains the lack of significant
treatment effects on total production (i.e., the deeper ponds
had larger but fewer shrimp while the shallower ponds had
smaller but more numcrous shrimp). An analysis of
covariance of size of shrimp versus the depth treatments
with survival as covariate showed no significant P =
0.477) depth cffects on size of shrimp.

It is difficult'to evaluate the effects of water depth on
the growth of P. monodon in view of the inverse rclation
of size and survival during the wet season grow-out
period. It is possible that survival is dependent on water
depth and that shallow ponds would be expected to have
higher survival, given approximately equal feeding rates in
all ponds. If this is so, and if size is inversely and causally
related to survival, then it may not be necessary to use
deep ponds to obtain a particular yield level. It is also
possible, however, that the survival patterns observed
during the wet season trial are due to some faciors
unrelated directly to the depth treatments.

If water depth, average size and survival are causally
related as the results from the wet season trial indicate, this
scheme may be useful only at the stocking density used in
this study (4/m2). It is clear that depth and circulation
affect many aspects of the pond environment. It may be
that at stocking densities for more intensive penaeid
culture, these water quality differences could substantially
influence overall production. It would therefore be useful
to test these treatment effects at high stocking densities.
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Tabie 1, Water quality parameters and growth of prawn,

Dry season Wet season
Depth Depth
Variabie Time Depth  Circ xCire Time Depth  Cire xCire
Secchi depth
Temp. AM. .. o . . .
Temp. P.M., .. — e . .. — .
D.O. AM. b
D.O. PM. . e .o .o . e
Satinity ae _ve ..
Ammonia
Nitrates b - ..
Nitrites A - .. o
Phosphorous .. . e
Chiorophyil 2 hid — .o e
Phytoplankton hd -
Zoapiankton b e

Average size . had . . *

**Significant at P <.001; *Significant at P < .05 Blank—not significant,
—Higher values in shaliower ponds or higher velues in ponds without circulation,
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Table 2. Indicator variables for prawn growth during the wet

season,

Dependent = log {average weight)

Coefficient Variable Probability *
2.683 Constant .000
0.610 Time .000
0.012 Depth .000

—0.229 D.O. AM. .000
0.052 D.O. P.M. .015

—0.109 Salinity .000
2.504 Ammonia .005
0.398 Nitrates .000
0.000 Phytoplankton 11
*2 tail tests, .

Table 3. Average weight, survival 3and totat produciion per treatment, wet season trial.

Treatment Average Touat
Depth weight % production
{m) Circulation (g} Survwval (kg/hal
1.5 Yes 332 65.9 873.3
t5 No 339 57.3 7776
1.0 Yes 35.7 588 829.8
1.0 No 282 77.0 8759
05 Yes 28.4 78.3 887.9
0.5 No 26.3 8085 861.1
Twoway factorial ANOVA:

Probabilities assocrated viith the Foratio
Treatments Average weght Survea! Totat oraduction

Bepth
Circutation
Depth x Circ,

013" 009
076 3385
125 047

775
853
897

* = significant.

L !
30 60 90 120
Culture days

Fig. 1. Growth of prawn per depth treatment for wet season,
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