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Abstract

Sucwessful high intensive shamp grow-out schemes tvprcally .ae
decp ponds (1-2 m) together with acraucn/circuletion. Linde is known,
however, why decp ponds are more productive than shallow ponds. It 1s
unponant to understand the water qualiy and production dynamics of
ponds of different deoths 1o develep appropriate shnmp culture methods
Tle effects of waier depth and circuiation oo tb = preductior of the giant
uger shrurp, Penaews morodon in 0.1-ha eanhien ponds were tested ina
3 x 2 factonal expenment, with three depth treaurents (0.5, 1.0 and 1.3
myand two arculation regimes (daytune circuiation and uncircuiated).
Stocking density was 4 poitiarvae/m2. Production and survival were
determmined after fivi - ond ‘our-month culture penieds dunng the dry and
wet scasens, aespcuicely. in 1985, Water
influenced prmary productivity, decreased the surface tesape.ture, and
redured stratfication of wemperature and dissolved oxygen. Water depth
significantly affected almest all water quality parameters, the desper
ponds producing shnmp of sigmficandy larger size. However, there wers
no treatment effects on shrunp production due to an inve se reiator. of

naciively

circulation

survival and average size. It can be said that waier depth and circulation
profoundly affect the water quality of brackishwater siirump pond's, but
that the effects on shnmp productien zre not apparent at the stocking
density used in this expenment. Further tests at higher stocking densities
are necessaty 1o establish the causal rziationships of water depth, sarvival
and average size of shnmp.

Introdacution

One factor that contributes largely 1o the success of
semi-intensive and intensive penaeid grow-out schemes is
effective water nan:gement, There are several waler
management lechniques for penaeid pond culiure, all
involving varying water depths and circulation/aeratior.
methods (Kungvankyj 1985). Average pond water derth
anG water movement are two important faciors thot can
affect numerous aspects of pond environments. These
include effects on the heat budget, thermal and ciiemical
scauficaton, minimum  oxygen concentrations  and
ultimately :he growth and survival of the shrimp.

The Taiwanese are well kncwn for their cutstanding
achievements in the development of penaeid pond grow-
out systems (Liao 1985;. Trest schemes depend heavily
on deep water and substa:ial circulation/aeration and yet
there appears 1o be a lack of basic informauon regarding
the environmental dynamics of these systems. It is
important 1o understand the.e pond dynamics in designing
appropriate grow-cut strategies for shrimp in counmies
with economic situauons different from those of Taiwan.
For examnple, energv intensive sysiems are not as
prohibitive in Taiwan because of low encrgy costs,
whereas cnergy costs in the Philippines often make
intensive culture systems uncconomical. Furthermore,
Tarwanese shrimp ponds arc usually deep, as much as 1.8
m, (Fast ct al, unnublished daw) waile the majority of
brackishwater  fishponds in many  Southcast  Asian
countsies are as shallow as C.5 m. It maybe improbabic,
therefore, for the shallow ponds in the Philippines 1o be
uscd for intensive shrimnp grow-oul using Taiwancse
tcchniques. The purpose of Lhis study was 1o 2valuate the
cffzcts of different waier depths and water circulation
regimes on water gualily as well as growt and survival of
the giant tiger shrimp, Penacus monoaox, in carthcn
ponds.

The Pond Dynamics/ Aquaculture CRSP grateful'ly acknowledges the Asian Fisheries Society for allowing this paper
to be reproduccd in CRSP Rescarch Reports. This paper originally appeared in the Proceedings of the First Asian

Fisheories Forum, Manila, Philippines, 1986, pp. 21-24.
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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
vends were used, with depth reatments of 1.5, 1.0 and 0.5
ra. Three pends in cach depth treatment were subjected to
artifical curculation during the daytiine (6 a.m to 5 p.m.),
wiile the otker three “were not. Circulation was donz by a
device consisung of a 1/8-hp cleciric motor, driving 2
submerged 46-cm fan-type impellor at 86 rpm similar o
those described by Fast et al. (1983).

The experiment was conducted twice, with a 150-day
grow-out gunng the dry season (December 1984-April
1985) and a 120-day grow-out during the wet scason
(August-December 1985). The ponds were prepared by
draining, drying, applying agriculwrzl lime and chicken
manure at 2 t/ha to each, and then gradually flooding to
grow benthic algae (lableb). In each trial, P. monodpn
pos'larvac were stocked at 4/m2. The average weight of
initially-stocked post'arvac during the dry season was 4.7
mg and during the wet scason 2.1 mg. Feeding rate was a:
10% average body weight during the sccond month of
grow-out, 8% during the third month and 4% during the
finab month. Formulated feeds were not applicd during the
first moenthe Water exchange wos twice a month,
depeading on the occurrence of spring udes, at a rate of
50% of on! water volume each ume. Additonal veater
exchange through pumping was somelimes necessary
during the later ciages of grow-out becaust of low
dissotved oxveen levels. Emergency acration with a 1/2-
hp poddle whee! cerator was also used occasionally.

Salinity was measured daily wiath a refractomeier.
Dissolved oxygen and temperature at varying depths at
CGiffersnt témes of the day were measured three times a
weeko with a YSI oxygen meter. Visibility with a secchi

diskand pHowith a Corning pH meter were also measured
three times a week. Chlorophyll a concentrations, un-
lomred  zmmonma, niwrates, nitrites, dissolved

orthorhosphate and plankion leve!s were monitorad twice
a month. Chiorophyll a concentrations were determined
according to Lind (1974). Corcentrations of un-ionized
ammonia, nitates, nitrites and dissolved orthophosphate
were determined with the mecthods of Stickland and
Parsons (1976). Un-ionized ammcnia and dissolved
orthophosphate were analyzed by the phenol hypochloride
and ascorbic acid methods, respectively. Phytoplankion
were counted with a hemocytometer, zooplankon win a
Sedgewick rafter. Prawn growih was monitored once a
mon:h oy wcighing a subsampic of shrimp from euch
pond.

The SYSTAT package (Wilkinson 1984) was used
for all catisucal analysic. Water quality daw were
averagea monthly corresperding 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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waier guality parameters. A stepwise multiple regression
analys:s was dore to determine which of the variables best
predicted the average size of shrimp per sampling (i.c., the
growth of shrimp). All the water qualily variabies listed in
Table 1 were initially entered in the model (both alpha 1o
enter and alpha to reraiove levels were p = .15).

The analyses of growth and harvest data for the dry
season are not presented here because the Jarge number of
finfish intruders in the ponds made it difficult to assess
weatment elfects on P. monodon aone. During the wet
season, ponds were treated with an ichthyocide (teasced
cake) conwolling intruders o negligible levels (Minsalan
and Chiu, this vol.). A two-way [actorial ANOVA was
donc on the wet season harvest data.

Results and Discussion

Mbnst water quality values changed significantly
during the grow-out period, with the exception of un-
ionized ainmonia concentrauons (Table 1), which were
also unaffected by any of the depth or circulation
reatments. It is possible that ammonia nitrogen is readily
metbolized in brackishwater pends and rarely attains high
concentrations.  scasonal  weather changes are most
probably the reason for changes in pond tamperature and
salinity  during the grow-out period. Changes in
productivity and nutrient concentrations with time were
perhaps due 10 an increased feed loading during the grow-
cut. These changes were exemplificd by increases in
sccchi disk  depth, dissolved  oxygen, chlorophyl
concentration,  phytoplankion, zooplankton, nitrates,
nitrites and reactve ghosphorus.

Most of the water quality parameters were
siznificantly affected by the depth treatments (Table 1).
Those variables related to productivity (secchi disk depth,
morming  and  allerncon  oxygen  concentralomns,
Chlorophyll a. phytepliakion and  zooplankton) and
nutricnt  concenfratons (nities, nitrates and  reactive
phosphorous) were signiticantly higher in the shallower
pond. This is undcubtedly due to lesser volumes of water
in the shallow pends, sincz all ponds reccived equal feed
applications. Cole and Boyd (1986) have shown that
average concentrations of such water quality parameters as
Cholorphyll a, nitn ¢ nirogen and chemical oxygen
demand increase with increasing fceding rates. A similar
relanonship is exnected with egual feed applicatons 0
ponds with deereasing waier volumes. The shatlow ponds
also proved 1o be lIess suable environments with regard o
diurnal  temperature  fluctuauons. These ponds  had
significantly higher afternoon and significanty lower
morning temperatures (Table 1).

There were few significant wreatment effects due to
circulation. Davtime circulation did, however, appear to
lower the surface temperature of the pond. There was
significantly lower aftemoon temperatures during the dry
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season and significantly lower muming temperatures
during (he wet season in circulated ponds. Daytime
circulation also appeared to increase primary productivity
as Chlorophyll a concentravons were higher in circulated
ponds curing the wet scason. This increase in primary
productivity due to ciculation is also evidenced by higher
dissolved oxygen concentrations in  the afternoons.
Daytime circulation also substantially decreased thermal
and oxygen suatficavon in the pond throughout the
diurnal cycle.

In both trials, the average shrimp sizz per sampling
was significandy 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
tnal is illustrated in Fig. 1. During the wet season, shrimps
were larger in ciurculated pond water and significandy
larger in circulated water in deeper ponds (Table 1).
Growth, therefore, appears affected by both waler depth
and circulaton,

Depth was retained by the siepwise 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 imponance 10 the growth of P,
monodon. Various other water quality parameters were
also rewinsd in the model which reflect the producuvity
{morning  and  cvening  dissolved oxvgen and
phytoplankion densites) 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 vanables were, however, inversely related. Size
was Jarger but survival was lower in deep ponds. A
regression of size versus survival was significamt (y =
125.3-1.6x, probability recression F ratio = .002). This
inveric relationship explains the lack of significant
treatent effects on towl production (i.c., the dceper ponds
haa farper but fewer shrimp while the shallower ponds had
smaller but more numerous shrimp).  An analysis of
covariance ol size of shrimp versus the depth trcatments
with survival as covariate showed no significant (p =
0.477) depth effects on size of shrimp.

It s difficuit 1o eraluate the effects of water depth on
the growth ¢f P, monodon in view of the inverse rciation
of size and survival dunng the wet season grow-out
pericd. Tt is possibie that survival is dependent on water
depth and that shallow ponds would ‘be cxpected to have
higher survival, given approximarely equal feeding rates in
all ponds. Il this is so, and if size is inversely and causally
related to survival, then it may not be necessary 10 use
decp ponds to obtain a particular vield level, It is also
possible, however, that the survival pauems ouvserved
during the wet scason trial are due to some faciors
unrelated directy 1o the depth treatmens.

If water depth, average size and survival are causally
related as the results from the wet scason trial indicate, this
scaecme 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 penacid
culture, these water quality differences could substantially
influence overall production. It would thercfore be useful
to test these reatment effects at high stocking densities.
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Tabie 1 Water guaiity parameters and D/Owth Ot prawn

Ory seasan Wet 1eat0n
Oeptn Oenth
Verable Time Oeptr Ciec xCrrc Time Oeortn Cue xCurc
Secchi deptn b b b . e
Temo. A M. .o . .e . -
Temp PM .o e e . .. _
00 am .. .. . .. . .
00 PMm . e . .o . _ve . .
Satimty .. — .e
Ammaonie
Netiates . - .o
Natrites . - .. .
Pnosonoious ¢ e -
Cnigronhvil @ . -t b -t .
Phyiopiankton b - -
Zoopiankton . - -

.. .. . .o v . .

Aversge 1ize

“*Swndicant at P < 001 *Sgniticant a1 P < 05: Blank—naot ngrifizant,
—Highes values in shallower Dands or h.gher veiues 10 DONds without circulation,
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Table 2. Indicator variables for prawn growth during the wet

season, 35 r
. /
Dependent = log (average weight)
Coefficient Variable Probability *®
30 |-
2.662 Constant .000
0.610 Time .000 25 |
0.012 Depth .000
—0.229 D.0. AM. .000
0.052 D.0. P.M. 015 —
-0.109 Salimity .000 o 20 -
2504 Ammonia .00 -~
0.398 Nitrates .000 =
0.000 Phytoplankton RERI o
o |15k
~2 tail tests. =
Tabla 3. Average werght survivel and 1018 DrOGuCON Der 1restment, wet 160N t1ial
Treatment Average Yo I O - .
' waigh » proaucian
Dl':\)h Cucuiasion I:I ' Survivel llq/:ll l'5 m
---1.0m
: 12 659 8713
: : :u: 319 573 7776 5 PR 05 m
1.0 Ye 353 588 829.8
1A No 282 270 8759
0s Ya 284 781 8879
0s No 6.3 805 8611

O 1 !
Teiowey tacionsl ANOVA 30 &0 90 120

Protabiiiey aiociated vain the Forato

Culture days

Treatmenty Averdqe wve gnt Sutvial Tots aron-scron
Fig. 1. Growth of prawn per depth treatment for wet season,
Cezn [r-N 003" 775
C rzatatian cTe, 335 653
Oeptn « Zug 129 corr 597
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