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Abtract 

Waer aeration and circulation using padd1ewh:e! acrato- and 
mot:or-nr~ven prop,,:Ier blades. rts'vclvrly, were maintained under four 
di'fcr-,n diurrma. mgrnes to tes, 'heir effecis on water quatisy and 
producumn of Peu.,viz =mrnodor. Shrtnip with an average weigh! of 0.03 
gm were sto,:ked at a den.iry of 33 uidividuals/m2 in four 0.05-ha 
earh-n= ponds. "l)e four treatnimits were: (1) continuous aeration (2) 
nighttime aeration (3) nightirne aeration ai a .'v-time circulauon and (4) 
no aeraliom o," 2:ir-du.ion. Aninronia nitrogtn CNri3-N-, di.soivem 
o:.vgrtn, temramire nd Fhirnp grawth we-re moiitored urnng a culture 
pen-od ot 10 wetks. Arn.nonia nitrogen c ncenitration did not differ 
signiqaatly uniter tht '~anous aerat:on e-nid- :r-ulator talen.mctys.
Dissolved oxyg, " :rid t-mperature sratificatin w e evidet o 

trea'-Unrr-s I and 3. N'ijihnirne d.s...le-d nxvgen leeIr v.er i1nifiraniy 
loer in treatnents I and 4. The average stir of shrimp at harvest ,,as 
significanily higher m irrmtrnents I and 3. These f-isduigs taken togeit'r 
indicated tht I &ere -as no cear benefit :o0n ContinuoL. aeration. 
R.ther, a ,c-mbthaoun of nighttime arraticr, "-en needed and d.:vsrne 
circulation could result in trc greate-t water cualiry 1osnet1-_ra with he 
least energy consumption. 

Introduction 

The effects of different combinatio-ss of continuous 
and intermittent arutfital circtflation/aeration on water 
quaY' y and shrimp g'oth are noC well dJcumented. Many 

types of artificial aeration and circulation are used in 
intensifie d sh-ilip fanning, bu. their respective, impacts on 
such factors as dissolved ox.'gen concentrations and 
ammonia are not well known. For example, many shrimp 
farmers use paddlewheel aeration during nighttime only to 
prevent critically low dissolved oxygen concentration, 
while other farmers use continuous aeration after the 
shrimp reach a cv: Ltin biornass. 

Continuous aeration appears at first to be scf­
defeating L oxygen is typically supersaturated at midday. 
Such aeration sLaps oxygen from the water cohimn during
he day until equilibrium is reached at 100% saturation. 

The benefits of dayt.ime aeration, if there are any, may be 
due to oier as oxygen is not the only dissolved gas 
di 
affected by ,eraton. Ammonia gas, or un-ionized 
ammonia, is also affected and should be removed from the 
water by aeration. This is pariicularly true during periods 
of elevated pH and water temperature. Even widrout 
aciation a substantial amount of arnmonia is degassed 
from cutropic waters. 

Conditions of hig& pA and temperature are found at 
midday, especially when oxygen values are greatest. Thus, 
lhe time of the day when aeration can remove the greatest 

amount Of dissolved ammonia coincides with the ti L 
the day when aeration can also remove the greatest arnounc 
Of o:'vgen. The benefits of ammonia removal co!ild 
outweigh the negativ effect of oxygen removal. If this is 
the case, then continuous aeration under intensive cultu-e 
conditions could be a better water quality management 

strategy than nighttmr aeration only. 
Fast et al. (1Q83) found that artificial circulation. 

without aeration, caused a redistribution of oxygen 
thraiugneut the water column, but did not materiaily affect 

the exchange of oxygen between the pond water and the 
atmosphere. This shoild result in the conservation of 
dissolved oxygen within the pond. At the same time, it 

might also reduce the loss rate of ammonia, or at least 
resukl in less ammonia loss compared with aeration, or 
even compared with an undisturbed condition. 

Becaus;e of these unknown and pcentially opposing 
influences of artificial aeration on water q'Prlity, this
experiment wis designed to determie the respective 
effects of aeration and circulation on dissoived oxygen, 
t-mperature and ammonia concentration. 
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Materials and Methods 

Fou 500-rn 2 ponds were treated as follows: 
treatment 1. cowinuous aeration, 24 hr/day; treatment 2.
nighttime aeration only from 2100-0600 hr; treatment 3.
nighttime aeration from 2100-0600 Ir and daytime
ch-cnlation from 0600-2100 hr; treauTent 4. con.ol with 
no aeration or circulation, 

The aerator consisted of a 0.5 hp p-iddle.,heel similar 
in design to those used in Taiwan. The two paddles 0.6 rndin revolved at 138 rpm. The circulator was a 1/8 hp
similar in design to the PC-11 described by Fast et al.
(1983). It consisted of 4 0-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 diet. The ponds were then filled with
water to 1.0 m and stocked with Penaeusmonodon on 25
February 1985 at 33/m 2 . 'Their average weight was 0.03 g.
Ev-.ry two weeks 80% of the water was changed, the pond
depth maintained at * m. 

Oxygen and temperature were measred 5times/week at 0400, 1000, 1400 and 1700 hr daily with a 
YSI model 51B oxygen meter. The pH was also measured5 times/week with a Corning pH meter. Chlorophyll was
measured twice/week by acetone extraction as described 
by Strickiand and Parsons (1976). Ammonia was

measured tvice/week by the phenol hypochloride and
ascorbic acid inethoxds described by Strickland and Parsons 
(1976). 

Shrimp were sampled and weighed ever) two weeks, 
After 63 days, or; 3 March 198,5, the ponds vre drained2nd 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 nt 1100 hr. The aveiages for

all tue ponds were 27.3 and 30.40C, mspectively (Fig. 1

and Table 1). This represents a 3.10C temperature

fluc'uation per day. On the average, the control pond was
slightly warmer than the treatment 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 temperature between 
 the pond
surface and the bottom water is a meas.ure of the degrees
of thermal sratificaion. The temperature differences 
between treatments at 0400 hr showed no significantdifferences (Table 2). This refiec ,snot only the influence 
ot the aerators in the three trcatrnent ponds during the
night, but also the effects oi" diurnal coaling anid mixing
which occurred each night. By 10C0 hr ',r were no
significant differences betwec.'n surft.ce and bottom 
temperatures in treatment 1, while in all the other 
treatments there were significant temperture differences 
between the surface and the bottom (Tabe 2). In treatment
3 there was a significant temperature difference, although
at a lower probability level (P 0.05).= 
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By 1400 and 1700 hr there was a highly significant
diffc'ence in surface and bottom temperatures intreaLments 2 and 4 but none in treatments 1 and 3. 

These results substantiate earlier findings by Fast et
al. (1983) in H2waii where artificial circulation resuted in
nearly uniform wat;r temperatures throughout tM: pond,
from surface to bottom, during the day in contrast with the
substantial thermal stratification without circulation. 
Mixing raised the t.mperature at the pond bottom, 
resulting in evenness. 

Average dissolved o>'gen (DO) concentrations in all
ponds for all dates closely paralleled the pattern for 
temperature. The lowest values for all ponds averaged 4.4
mg/1I at 0400 hr and 9.6 mg/i at 1400 and 1700 hr (Table
3 and Fig. #2). All the ponds aerated during th. night had
higher DO at 0400 hr than the control. Treatment 1 with
daytime aeration had lower DO than treatments 2 and 3with nighttime aeratjons (8.8 vs. 9.7 mg/I). These results 
follow the hypodhesis that daytime aeration will result in 
oxygen loss from those ponds that reached supersaturation
during the day as artificial aeration causes oxygen
concentrations to change towards 100% saturation
regardless of whether the water is undersaturated or 
supersaturated. 

Also of interest the observation in treatment 3
which has daytime oxvgcn concentration similar to those
of treatments 2 and 4. This confirms that davtire
circulation does not rnate.iall,, effect oxygen exchange
between the atmosphere and water, but only eliminates 
thermal stratification. Fast et al. (1983) also observed
elevated daytime bottom oxygen and temperature during 
artificial ci-culation. 

With the. exception of treatment 1, the average
differences in oxygen concentrations between the surface 
and the bottom follow exactly the same trend as did the
surface/bottom temperatures (Table 4). We have noexplanation for t.his significant difference. 

The. greatest significant difference between surface
and bottom oxygen valuos occurred at 1400 and 1700 hr.

There was no sig-nifican difference between 
 surface and

bottom oxygen concentrations 
 in the aerated/circulated

,.onds at these tirncs, hut non-aerated/circulated ponds had

significant stratificajon. These results also follow 
 those
reported by Fast et al. (1983) where non-mixing often
 
resulted in strong oxygen sTaification and lower oxygen

concentrations at 
 the pond bottom. The exception was

when wind velocities exceeded 
 about 20 km/hr, at which
time even the ponds which were not artificially
aerated/circulated had nearly tniform oxygen
concentrations. 

Whole pond average pH values were always lowest 
at 0400 hr at 8.0, and greatest at 1700 hr at 8.4. There did 
not appear to be much difference between treatments. 

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. These values were 0.044 and 0.055 mgfl,
respectively, compared with 0.065 and 0.061 mg/l for the
ponds which were not aerated/circulated di:ring 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 than the non-
circulated condition, the difference was not statistically 
significant (P > 0.05). These findings, while somewhat 
inconclusive, are difficult to assess strictly since there was 
a e-reat deal of "ariability in our ammoria data. This 
variability may be due to the dynamic nature of ammonia, 
as well as analytical limitations at these relatively low 
concenL-ations. It can be concluded, however, that 
aeration/circulation under the test conditions used did not 
cause a significant reduction in ammonia concentrations. 

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


days.1700
Average shrimp si.e at: ar.st ....... from 2.1 gin 

the control to 2.S 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. 
Th.se results indicate that aeration/circuladon contribute 
to faster growth compared to the undisturbed condition, 
hut these are not conclusions because of lack of replication 
and the insignificant differences between the control and 
trentment 3. 
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Table 1. Whole pond average water temperature (°C) for each 
treatment 4x day. 

Sampling period (hr) 
Treatment 0400 51000 1400 1700 

1 27.3 2-.2 30.2 30.3 
2 27.2 23.2 30.2 30.3 
3 27.2 28.:5 30.4 30.3 
4 27.5 288 30.9 30.8 
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Table 2. Average temperature ("C) of pond surface and bottom 

azsampling times. 

Sampling period Treatment F-test 

0400 hr 	 1 n. 
2 n.s. 

3 	 n.s. 

1ooo hr 	 1 n.s. 

2 

4 

1400 hr 1 	 n.s. 

2 

3 

hr 	 1Is s 
2 

3 n.s. 
4 

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

4ix.solved Average treatment 
4x day. 

Table 3. 	 oxygen (ppm) for each 

Sampling period (hr) 

Treatment 0400 1000 1400 1700 

1 4.4 7.0 9.0 8.8 
2 4.5 6.9 9.7 10.0 
3 4.8 7.1 9.8 10.0 

4 :.7 6.1 9.5 9.6 

Table 4. Average dissolved oxygen (ppm) at pond surface and
bottom at sampling times. 

Samoling period Treatment F-test 

0400 hr 	 1 
2 n.$. 

3 n.s. 

4 	 n.s. 

1000 hr 	 1 n.s. 

2 

3 
4 

1400 hr 	 1 n.s. 
2 

3 n.s 

4 

1700 h, 	 1 n.$.
 

2 

3 n.s. 

4 

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