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Abstract 

S'ac.ess'ul high intensive shnnip gr:,w-out schemes tYpicaly .-. 
dcco pords (1-2 m) together with acraticn/circult"tion. Litle is known, 
however, why deep Fonds are more productive than shallow ponds. It is 
imponani to undeistand tie ,.aicr qualil) .nd production dnamics of 
ponds of different Oc-sths to develop arpropriar shrimp culturc meihois 
l1 e effCcts of water deth and ckrcu;atot cia t prC-ductior of the giant 

tige" hrn-p, Penae!smor.ooaon in 0.1-ha eanrten ponds '.crc tested in a 
x.3 1.0 and 1.52 factonal e',.ment, with three depth treatments (0.5, 

In rooution 

One factor that contributes largely to the success of 

semi-intensive and intensive penaeid gow-out schemes is 
effective water inan.,gement. There are several water 
management techniques for penaeid pond culture, all 
involving varying water depths and circulation/aeratior. 
methods (Kungwanlaj 1985). Average pond water deFth 
and water movement are two important factors that can 
affeLt numerous aspects of pond environments. These 

include effects on the heat budget, thermal and chemical 
ncmum o,,,natj,., 2nd,xen ertions 

ulimately -he t'rowth and survival of the shrimp. 
The Taiwanese are well known for their outstanding 

achievements in the development of penacid pond grow
out syistems (Liao 1985>. The schemes depend heavily 
on deep water and subsmoial circulation/aeration and yet 
there appears to be a lack of basic informtion regarding 
the environmental dynamics of these systems. It is 
important to understand the.-;e
pond dynamics indesigning
 

appropriate grow-cut strategies for shrimp in coeuntries 
wiut economic situations different from those of Taiwan. 
For example, ene.-gv intensive systems are not as 
prohibitive in Taiwan because of low energy costs, 

M Iand iwo -ircuiat:on regimes (da/time circulation and uncir iliated).vcma cnergy costs in the Philippincs often makc 
Stocking density .as 4 ro.;iarvae/m-. Piodution and survival %%ere 
deerminedafier ti. coo 'our-month culturt, pcric durng Ec dry and 
%octscacns . ,s!.. in 19S5. Water circulatin 
influencecd prary: prOduLtivisy, decreased the surface tecxsec-turc, and 
redu,-ed sirattficaticn of temperature and dissolved oxygen. Water depth 
significantiy affected aLmcst all water quality parameters, the deeperponds; producing shrimp of sigrnuicandvy larger si2,c. ltov.cever, d-oareo.cre 


no treatme;.t effect.sh-enp production an ove se relatior, ofon due so 
survival and averace size. Itcan be said that water depth ani circulation 
profoundly affect the water quality of brackishw.ater sirnp ponc's, but 
tha, the effects on srimp p.oduction av- not apparent at the stocking 
density used in this experment. Furzher tests at higher stocking densities 
are necessary to establish the, causal retationships of water depth, sarvival 
and average size of shrimp. 

nlcnsi'e culture systems uneconomical. Furthermore, 
Taiwartese shrimp ponds are usually deep, as much as 1.8 
mi, (Fast Ct al., unpublished data) while thi' majority of 
br'-ckishwater fishponds in many Southeast Asian 
goutntnies ,a-c as shallow as C.5 m. It rnaybc improbable,hrfrfrtesalwpnsi h hlpie ob 
therefore, for the shallow ponds inthe Pilippincs to be
 
used for intensive shrinp grow-out using Taiwanese 
techniques. The purpose oF .his study was to evaluate the 
eff.ects of different water del.Lhs and water circulation 
regimes on ,.-aler qualy as well as growth and survival of 
tie giant tiger shrimp, Pnaeus oin carthcn 

os.onoao, 
ponds. 

The Pond Dynarnics/Aquaculture CRSP grateful!y acknowledges the Asian Fisheries Society for allowing this paper 
to be reproduced in CRSP Research Reports. This paper originally appeared in the Proceedings of the First Asian 
Fish2ries Forum, Manila, Philippines, 1986, pp. 21-24. 
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Materials and Methods water quality parameters. A stepwise multiple regression 

A 3 x 2 factorial design was used to test the effects of 
depth and circu'ation on water quality and shrimp 
production in earthen ponds. Eighteen 0.1-ha earthen 
ponds were used, with depth treatments of 1.5, 1.0 and 0.5 
ro Three ponds in each depth treatment were subjected to 
anifical circulation during the daytime (6 a.m to 5 p.m.), 
w~iile the other three were not. Circulition was done by a 
device consisting of a 1/8-hp elecric motor, driving ,-
submerged 46-cm fan-type impellor at 86 rpm similar to 
those described by Fast ct al. (198). 

The experiment was conducted twice, with a 150-day 
grow-out during the dry season (December 1984-April 
19S5) and a i20-day grow-out during the wet season 
(August-December 1985). The ponds were prepared by
draining, drying, applying agricultural lime and chicken 
manure at 2 t/ha to each, and then gradually flooding to 
grow benthic Iabl.b)each trial, P. mionodonalgae ( In 
pos.larvac were stocked at 4/r12 . The average weight of 
initially-stocked post!arvac during the dry season was 4.7 
me and during the wet season 2.1 inag. Feeding rate was a! 
10% averace body weight during the second month of 
grow-out, 8% during the third month and 4% during the 
finl month. Formulated feeds were not applied during ihe 
i'rt nieth. \ater c chin , ws tvice a imon,h, 

dep,ding on the occurrence of spring tides, at a rate of 
50 of tot i water volume each time. Additiotal water 
exchinge through pumping was sometimes necessary 
dur:ng the later stages of grow-out because of low 
disolv. red oxygen levels. Emercncy aeration with a 1/2-
lip wheel --rator was also uscd occasionally. 

Salinity wa:s measured daily with a refractomctc. 
Di,,.>olvzU o,:ygen and temperature at var-ying depths at 

it [n'I'es Of the day were measured three times a 
c-:k ,v a YSI oxygen meter. Visibility .vil.h a scechi 

dls ' pi-I virh a Corning pH meter wcrv also measured 
thire tines a week. Chlorophyll a concentrations, Un-
ioniT 'cimmonia, nitrales, ntrites, o;:l;adi vcd 
or!h,< i phate and plankton le',c:s were rnotornd twice 
a rn1nth. Chlorophyll a concentrations -verc determined 
aicording to Lind (1074 C)r.czntrations of un-ionizcd 
animonia, 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 win a 
Sedgewick rafter. Prawn growLh was monitored once a 
mon'h by weighitng a stubsanpic of shrimp from each 
pond. 

The SYSTAT package (-Wilkinson 1984) was used 
for all "tatistical analvsi:. Water qualitS,' data were 
averageu monthly corresponding to intervals between the 
shrimp sampling dates. A two-way ANOVA factorial 
analysis with replication per sampling was done on the 

anaiyss was done to deteitmine which of the variables best 
predict'..d the average size of shrimp par 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 rer.move levels were p = .15). 

The analyses of growth and harvest data fo the dry 
season are not presented here because the lar.:e 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 values 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 iitrogen is readily 
metabolized in hrackishwarer Pondsand rarely att-ains hich 
concentrations. .)casonal weather changes are most 
probably the reason for changes in pond temperature and 
salinity duritg the grow-out period. Changes in 
productivity and nutrient concentrations with time were 
perhaps due to an increased feed loading during the grow
out. These changes were exemplified by increases in 
secchi 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, 
moming and afternoon oxygen conentratot;s 
Chlorophyll a, phytopl'nkton and zooplankton) aid 
nutricnt concer.rauons (nit'ites. nitrates and reactive 
phosphorous) were s;gnihicantly higl-,er in the shallower 
pond. "This is undoubtedly due to lesser volurres of water 
in the shallow pinds. since, all ponds received equal feed 
applications. Cale ,nd Boyd (1986) have shown that 
average concentrations of such water quality parameters as 
Cholorphyll a, nitri e nitrogen and chemical oxygen 
demand increase with increasing feeding rates. A similar 
relationship is eYprctcd with equal feed applications to 
poods with decreasig 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. The:e was 
significantly lower afternoon temperatures during the dry 
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season and significantly lower morning temperatures 
during the wet season in circulated ponds. Daytime
circulation also appeared to increase primary productivity 
as Chlorophyll a concentrauons were higher in circulated 
ponds during the wet season. This increase in primary
productivity due to ciculation is also evidenced by higher 
dissolved 'ox~vieri concent-rations in the afternoons. 

Daytime circulation also substanti'l'ly decreased thermal 
and oxygen stratification in the pond throughout the 
diurnal cycle, 

In both trials, the average shrimp size. per sampling 
was significanty higher in the deeper ponds (Table 1).

d 'pand
The faster growth of shrimp in the 1.5-m and 1.0-m deep 
ponds than in the 0.5-i deep ponds during the wet season 
trial is illustrated in Fig. 1. During the wet season, shrimps 
were larger in circulated pond water and significandy
larger in circulated water in deeper ponds (Table 1). 
Growth, therefore, appears affected by both water depth 
and circulation. 

Depth was retained by the step' aic regression 
procedure as a sinificant indicator of shrimp growth 
during the wet season (T"able 2). Salinity was also retained 
in the mOdel in view of its importance to the growth of P. 
2:Ono'a'rl. VariOLIS other water quality parameters were 
also retained in the model which reflect the productivityoi and evening dissoed oxygen andng a e e n d s eaTaiwan. 

phytoplankton densities) 
 and feeding rate (ammoniao infuenes andnititcs shimpAquaculturnitrates) 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. Awas argrwsbt lwerinsrvivl dep ond. Aofregression of size versus survival was sign ificant (y = 
125.3.1.,3x, probability recression F ratio = .002). This 
nverse ricitionship explains the lack of significant 

treattac: e ffcts on total production (i.e., the deeper ponds
ha lac2. but fewer shrimp while the shallov.er ponds had 
1m1aller but more nunerous shrimp). An analysis of 

covartance ct- size of shrimp versus the depth treatments 
with survival as covariate showed no significant (p = 
0.4 77) depth effecls on size of shrimp. 

It. is difficult to e'aluate the effects of water depth on 
toe growth ef P. ,nonodon in view of the inverse relition 
of size and survival during the wet season giow-out
period I: is possible Lhat sur,-iva! is dependent on water 
depth and that shall)w, ponds would 'be expected to have 
higher sLrvival, gi pen equal f.t,-ing rates inppro.\imatl 
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 ouserved 
during the wet season trial are due to some faciors 
unrelated directly to the deFth 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/m 2 ). 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 overal production. It would therefore be useful 
to test these treatment effects at high stocking densities. 
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Table 2. Indicator 
season. 

variables for prawn growth during the wet 

35 

Coefficient 

Dependent = log (average weight) 

Variable Probability 3030 
/ 

2.663 Constant .000 
0.610 Time .000 
0.012 Depth .000 25
 

-0.229 D.O. A.M. .000 
 • 
0.052 D.O. P.M. .015 

-0.109 Salinity .000 o, 20 
2.504 Ammonia .005 
0.398 Nitrates .000 -'-- / 
0.000 Phytoplankton .111 /

Z 15
'2 tail tests. 

/.
Toi.I 2 An1,q . lh. *...,n l. id'( I01 OlroiJuclhon i'ttimlni, *i tl (Il111t Otl I. 

T,.,I --.A--" 0 O 

:(" ---- 1.5 m 
1'S Y. 33.2 65 9 873.3
 

Is 
 No 339 573 7776 5 ...... 0.5m 
1.0 Yfl 35 1 588 829.8
 
In No 28 2 77 0 8759
 
0.5 Y. 28 4 78 3 8879
 
0s No 
 261 805 861 I 

0 -
Two- 0c....... ANOVA 


r , 30 60 90 120 
i'oidi,l:h,o,u|,b.11i"m v.,I the*F. ,.

1 0 

............ - s.-... 
 0--, T,, . C ulture days 
Fig. 1. Growth of prawn per depth treatment for wet season. 
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