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Ab,tract

Water aerutica and circulaten using paddlewhee! aerator and
moor-rrven prope’ler blades, resvectively, were rasintained under four
differunt diumal regimes 10 tesi their effecis on waler quality and
production of Pesceus monodon, Shrimp with an average weight of 0.03
gm were stocked at a density of 33 wdividuals/m2 in four 0.05-ha
earthen ponds. The four treatments wers: (1) continuous aeration )
mighttime acration (3) nighttime 2erauon ar 3 daytime circulation and (<)
ne acmion of cirmulauon. Ammonia mitrogen (NH3-N),  dissoived
OT¥pen, tempenature and shimp growth were menitored <unng a culture
penod of 10 weeks. Aranonia nitrogen ¢oncencration did not differ
significandy under the vanous aeration and circulation treatments,
Oussolved oxyges and temperature stratification was least evident in
treatments 1 and 3. Niphtuime dissolved axygen levels were aenificanty
lower in tratments | and 4. The average size of shrimp at harvest was
significantly higher in treaunents 1 and 3. These findings taken togethier
indicated thit trere was no cear benefit from continuous aeration.
Ruther, & <cmbination of niphttime acratice, when peeded, and dzviumne
circulation could result in the greatest water cualiy lenefuts with the
least energy consumption.

Introduction

The effects of different combinadonrs of continuous
and intenmittent artificial circulation/acration on water
qual 'ty and shrimp growth are not well d:cumented. Many

types of artificial aeraton and circulation are used in
intensified sheiiup fanning, but their respective impacts on
such factors as dissolved ox:gen concentrations and
ammonia are not well knaown. For exampie, many shrimp
farmers use paddlewnee! acrauon during nighttime only to
prevent cntically low dissolved oxygen concentration,
while other farmers use continuous aeration after the
shrimp reach a ce:tuin biomass.

Conunuous acradon appears at first o be se.f-
defeating as oxygen is cypically supersaturated st rnidday.
Such aeration stips oxygen from the water column during
the day until equilibrium is reached at 100% saturatdon,
Thne benefits of dayume aeration, if there are any, may be
due to ower factory as oxygen is not the only cissolved gas
affected by 2seraton. Ammonia gas, or un-ionized
ammonia, is also affected and should be removed from the
water by aeration. This is particularly tue during periods
of elevated pH and water temperature. Even without
aelation 2 substantal amount of ammonia is degassed
from eutropic waters.

Condiuons of higr pii and temperature are found at
midday, especially when oxygen values are greatest. Thus,
the ume of the day whar acraton can remove the greatest
amount of dissolved ammonia coincides with the ume of
the day when aceration can also remove the greatest amount
cf cxvgen. The benefits of ammonia removal could
outweigh the negative effect of oxygen removal. If this is
the case, then contnuous aeration under intensive culive
conditions could be a better water quality management
strategy than nighwume aeration only.

Fast et al. (1983) found that antificial circulation.
without aeration, caused a redisuribuuon of oxygen
throvgnoeut the water column, but did nct mateniaily affect
the exchange of oxygen between the pond water and the
atmosphere. This shonld result in the conservation of
dissolved oxvgen within the pond. At the same time, it
might also reduce the loss rate of ammonia, or at least
resull in less ammonia loss compared with aeration, or
even compared with an undisturbed conditdon.

Because of these unknown and pcwenually opposing
influences of artificial acration on waier quality, this
experimnent was designed to determine the respective
effects of aeration and circulaton on dissoived oxygen,
t:mperature and anmonia concentration.
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Materials and Methods

Fouwr 500-n2 ponds were treated as follows:
reatment 1. continuous aeration, 24 hr/day; wreatment 2.
nighttime aeraton only from 2100-0600 hr; reatment 3.
nighttime aeraton from 2100-0600 hr and dayume
cienlation from 0600-2100 hr; reaurent 4. conuol with
no aeration or circulation,

The aerator consisted of 2 0.5 hp paddlewheel similar
in design to those used in Taiwan. The two paddles 0.6 m
dia revolved at 138 rpm. The circulator was 2 1/8 hp
similar in design to the PC-11 described by Fast et al.
(1983). It consisted of 40-cm fan blade which revolved at
86 rpm.

Each pond was dried before the experiment. No l'me
or chicken manure was added as the shrimp were given a
complete artificial dieL The ponds were then filled with
water 10 1.0 m and stocked with Penaeus monodon on 25
February 1985 at 33/m2. Their average weight was 0.03 g.
Every two weeks 80% of the water was changed, the pond
depth maintained at ; m.

Oxygen and temperature were measurcd 5
umes/weck at 0400, 1000, 1400 and 1700 hr daily wirth a
YSI model 51E oxygen meter. The pH was also measured
5 umes/week with a Corning pH meter. Chlorophyll was
measured twice/week by acetone extraction as described
by Suickiand and Parsons (1976). Ammonia was
measured tviice/week by the phenol hypochioride and
ascorbic acid methods described by Strickland and Parsons
(1976).

Shramp were sampled and weighed every two weeks.
Aflier 83 days, on 3 March 1985, the ponds were drained
and the total weight of the shrimp measured along with a
subsample cf individual weights.

Results and Discussion

Average whole pond temperatures for all dates were
lowest at 0400 hr and highest at 1400 hr. The averages for
all e ponds were 27.3 and 30.40C, respeciively (Fig. 1
and Table 1). This represerts a 3.10C temperature
fluc'uation per day. On the average, the conuol pond was
slighitly warmer than the reatmen ponds. The reason for
this is unknown, but it could be due to a high water
flushing rate caused by uncontrolled leaks.

The differences in temperimire between the pond
surface and the bottom water is a measure of die degrees
of thermal sratificadon. The temperature  differences
between treatments at 0400 Rr showed no significant
differences (Tatle 2). This reflec s not only the influence
of the acrators in the three treutment ponds during the
night, but also the effects o, diumal cooling and mixing
which occurred cach night. By 1000 hr there were a0
sigificant differences betwesn  strizce and  bouom
temperatures in weatment 1, while in all the other
reauments there were significant temperiature differences
between the surface and the bottom (Tabie 2). In weatment
3 there was a significant temperature difference, although
at a lower probability level (P = 0.05).
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By 1400 and 170G hr there was a highly significant
diffcrence in  surface and bottom  temperatures  in
treatments 2 and 4 but none in weatments 1 and 3.

These results substantiate earlier findings by Fast et
al. (1983) in Hewaii where artificial circuiation resuited in
nearly uniform warer temperatures throughout the pond,
from surface to bottom, during the day in contrast with the
substantial thermal  stratification without circulation.
Mixing raised the Wwmperature at the pond bottom,
resulting in evenness.

Average dissolved oxygen (DO) concentrations in al}
ponds for all dates closely paralleled the patteim {or
temperature. The lowest values for ail ponds averaged 4.4
mg/1 at 0400 hr and 9.6 mg/1 at 1400 and 1700 hr (Table
3 and Fig. #2). All the ponds acrated during the night had
higher DO at 0400 hr than the control. Treatment 1 with
dayume aeration had lower DO than treatments 2 and 3
with nighttime aerajons (8.8 vs. 9.7 mg/1). These results
follow the hypodiesis that daytime aeration will result in
oxygen loss from thaose ponds that rzached supersaturation
during the day as artficial aeration causes oxvgen
concentrations to change towards 100% saturation
regardless of whether the water is undersaturated or
supersaturated.

Also of interzst is th: observation in treatment 3
which has daytime oxygcn concentration similar to those
of weatments 2 and 4. This confirms that daytme
circulaton does not matenall effect oxygen exchange
between the atmosphere and water, but only eliminates
thermal swmatification. Fast et al. (1983) also observed
elevated daytime bottom oxygen and temperature during
artificial circulation,

With the exception of treatment i, the average
differences in oxygen concentrations berween the surface
and the bottom follow exactly the same trend as did the
surface/bottom temperatures (Table 4). We have no
explanztion for this significant difference.

The greatest signilicant difference between surface
and bottom oxygen values occurred at 1400 and 1700 hr.
There was no significant difference between surface and
bottom oxygen concenmations in the aerated/circulated
r.onds at these umes, but non-aerated/circulated ponds had
significant stratificaden. These results also follow those
reporied by Fast ¢t al. (1983) where non-mixing often
resulted in strong oxygen swraification and lower oxygen
concentrations at the pond bottom. The exception was
when wind velocitics exceeded about 20 km/hr, at which
ume even the ponds which were not arnificially
acrated/circulated . had ncarly  uniform oxygen
concerntrations.

Whole pond average pH values were always lowest
at0400 hrat £.0, and greatest at 1700 hr at 8.4. There did
not appear to be much difference between reatments.

Whole pond average ammonia concentrations were
lowest in the pond with continuous acration, and next
lowest in the pond with nighttime aeration and daytime
circulation. Tlese values were 0.044 and 0.055 mg/,
respectively, compared with 0.065 and 0.061 mg/l for the
ponds which were not aerated/circulated during the day
(Table 5). Although these values are consistent with the
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hypothesis that daytime aeration/chculation will cause a
greater atmospheric loss of ammonia thar the non-
circulated conditon, the difference was not statistcally
significant (P > 0.05). These findings, while somewhat
inconclusive, are difficult 10 assess smicty since there was
a great deal of vanmability in our ammornia data. This
variability may be due to the dynamic nature of ammonia,
as well as analyucal limiatons at these relatively low
concentrations. It can be concluded, however, that
aerauion/circulaton under the test conditions used did not
cause a significant reduction in ammonia concentrations.

Chlorophyll A values were highest in the pond with
continuous acration and lowest in the controi. The values
were 99.02 and 53.05 mg/1 respectively (Table 6). Even
with this range, analysis of variance revealed no
siguiricant difference between treatments, perhaps due to
the large vanation of concentration between sampling
days.

Average shnmp size 2t harvest ranged from 2.1 g in
the control 10 2.8 g in treatment 1 and in treatment 2
(Table 7). There was no significant difference between
treatments 2 and 3 or between the control and treatment 3.
These results indicate that aeration/circulation contribute
to faster growth compared to the undisturbed condition,
tut these are not conclusions because of lack of replication
and the insignificant differences between the control and
reatment 3.
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Table 1. Whole pond average water temperrature { C) for each
treatment, 4x day.

Sampling period (hr)

Treatment 0400 1000 1400 1700
1 273 282 30.2 30.3
2 72 282 30.2 20.3
3 272 28.5 30.4 30.3
4 275 288 30.9 308
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Table 2. Average temperature { C} of pond surface and botiom
at-sampiing times,

Sampling period Treatment F-test
0400 hr 1 ns.,
2 n.s,
3 n.s.
4 ns.
1000 hr 1 ns.
2 -
3 -
4 .o
1400 hr 1 n.s.
2 LR )
3 n.a.
4 -9
1700 hr 1 ns.
2 o
3 n.s.
4 .o

n.s. = not significant; ** = P < 01;* = .01 <P <.05.

Table 3. Average Jissolved oxygen (ppm} for each treatment
4x day.

Sampling period (hr)

Treatment 0400 1000 1400 1700
1 4.4 7.0 9.0 8.8
2 4.5 6.9 9.7 100
3 4.8 7.1 28 10.0
4 5.7 6.1 9.5 9.6

Table 4, Average dissolved oxygen {ppm)} at pond surface and
bottom at sampling times.

Sampiing period Treatment F-test
0400 hr 1 i
2 n.s.
3 n.s.
4 ns.
1000 hr 1 ns.
2 L]
3 L]
4 .o
1400 hr 1 n.s.
2 .s
3 n.s
4 .
3700 hr 1 n.s.
2 .o
3 ns.
4 .s
n.s. = not significanmy; ** =P <.01; = 01 <P <.05.
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