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1 OBJECTIVES 

Objective A 

Using bioassay techniques determine critical concentrations of water quality 
variables which affect prawn growth and survival. 

Objective B 

Quantitatively compare the effects of different pond management methods on 
prawn growth and survival , pond water qual ity and the population dynamics of 
bacteria and algae within ponds. 

2 RESULTS FOR OBJECTIVE A 

2.1 Introduction 

For Objective A, a series of experiments was conducted using standard bioassay 
methodology to determine the critical concentrations of water qual ity variables 
which affect prawn growth and survival . The features of the faci l ity which was 
designed and establ ished for this segment are described below: 

* 

* 

* 

* 

* 

A large volume in itial seawater storage unit (capacity - 7000 I) to ensure that 
irregularities in station seawater supply did not affect water flow in aquaria 
and to al low settle able solids to be removed from the water supply. 

A fi ltration system comprising a large capacity commercial sand filter with 
secondary fi ltration through a two-stage cartridge fi ltration un it (Sµm and 
1 µm) . 

Seawater heating unit comprising an in-l ine 6 kw single pass water heater 
control led by dual solid state temperature control lers .  

A prel iminary dissolved oxygen reduction chamber. This unit was in effect a 
degassing chamber where the dissolved oxygen level in seawater was 
greatly reduced through vacuum stripping. By maintaining a vacuum of 
between -90 & -95 Kpa the dissolved oxygen content of seawater at 27 °C 
could be reduced to below 2.0mg/1- 1 • 

Secondary adjustment chambers.  Water was supplied to these chambers at 
a constant rate and was recirculated within each chamber prior to being 
suppl ied via gravity feed to individual 70 I experimental containers. Water 
retention time in each adjustment chamber was approximately 24 minutes. 
Precisely control led mixtures of nitrogen and oxygen (or air) were used to 
adjust dissolved oxygen levels to required concentrations. Using this faci l ity 
the dissolved oxygen content could be adjusted and maintained at between 
0.5 and 20.0 mg/L. 
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* 
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1 8  x 70 I clear perspex aquaria with sealed l ids for acute bioassay 
experiments and 1 8  x 70 I aquaria with removable lids for chronic bioassay 
experiments. A flow-meter and valve control led the water supply to each 
aquaria, usually at a constant flow of 245 ml min- 1  via a mixing chamber. 

Toxicant control system comprising 25 I toxicant reservoirs and multi-channel 
metered peristaltic pumps. Each individual experimental tank had a 
separate toxicant supply and the desired inputs of toxicants could be added 
to the seawater supply in the mixing flasks. 

Temperature and photoperiod control led room was used to house this 
faci l ity. 

The detai led justification ,  methods, results and impl ications of the research 
associated with the bioassay segment are presented in Chapters 2.2 to 2.5. 
Each Chapter represents a manuscript which has been publ ished , accepted for 
publ ication or submitted to an international journal . The titles, authors and 
publ ication status of these manuscripts are l isted in Chapter 6 of this Grant Report. 
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2.2 Effect of sediment on growth and acute ammonia toxicity for the school 
prawn, Metapenaeus mac/eayi (HaswelO 

ABSTRACT 

Allan , G .  L. and Maguire ,  G.B .  Effect of sediment on growth and acute ammonia 
toxicity for the school prawn, Metapenaeus mac/eayi (Haswell). 

Experiments were conducted in 70 I acrylic aquaria to determine; 1 )  survival and 
growth of a burrowing penaeid, Metapenaeus mac/eayi, for a number of substrates ; 
2) the interactive effects of sediment and ammonia on acute ammonia toxicity and 
emergence from the sediment of M. mac/eayi, and, 3) removal rates of ammonia in 
marine aquaria with d ifferent substrate, filtration and aeration regimes. 

Survival rate was high (90-1 00 %) regardless of substrate type (bare plastic, mud, 
fine sand or coarse sand) or segregation in mesh cages. Weight gain for prawns 
in cages was lower (P < 0.01 ) and food conversion efficiency poorer (P< 0.01 ) than 
for non-segregated prawns in aquaria with or without sediment. The only other 
significant difference for weight gain or conversion efficiency among the substrate 
types was the higher weight gain (2.2 g prawn-1 )  for fine sand compared with bare 
aquaria ( 1 .8 g prawns-1 ) (P < 0.05) . At 1 .4 mg unionised ammonia-nitrogen (LIAN) 1- 1  
in  the water column, the presence of sediment significantly reduced mortal ity of M. 
macleayi, although, at a higher concentration (2.3 mg LIAN 1-1 ) ,  all prawns died in 
96 h regardless of the presence of sediment. Compared with controls with 
negl igible ammonia concentrations, fewer prawns burrowed when exposed to 
elevated ammonia concentrations in the water column (P < 0.05) even though the 
sediment may have provided a refuge from elevated concentrations. In aquaria 
with sediment, ammonia concentrations and pH values were always less in water 
extracted from the sediment (interstitial water) than in the water column. 

Ammonia removal in aerated aquaria with sub-sand filters increased in absolute 
terms but declined as a percentage basis as ammonia input increased from 2 to 20 
mg total ammonia -N (TAN) 1-1 (48.0 % to 1 6.5 %). At an input of 20 mg TAN 1-1 , 
ammonia removal in aquaria with a sub-sand filter was higher than in aquaria with 
sand and aeration but no filter ( 1 6.5 % vs 8.6 %; P< 0.05) . Volati l isation was not a 
significant pathway for ammonia loss. 

The use of sediment in grow-out and bioassay systems for prawns is d iscussed. 

INTRODUCTION 

Sediment characteristics can influence the distribution of penaeid prawns in the 
wild (Wi l l iams, 1 958; Hughes, 1 966; Rul ifson, 1 981 ; Somers, 1 987) and may be a 
factor in  site selection for prawn farming ponds (Huguenin and Colt, 1 989) . Soil 
chemistry and particle characteristics can affect the tendency for the sediment to 
become chemically reduced, affect pond water turbidity and water quality and 
influence the avai labi l ity of ferti l isers, eg phosphorus (Boyd, 1 982) . Food supply 
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may be affected by sediment type (Wil l iams, 1 958; Hughes, 1 966) although several 
species of penaeids have displayed preferences for sediment types irrespective of 
their food content (Wil l iams, 1 958; Ruel le, 1 973; Aziz and Greenwood, 1 982) . 
Ruel le ( 1 973) found that, when offered a choice, juveni le Metapenaeus mac/eayi, a 
burrowing penaeid, preferred fine sand to coarser sediments and attributed this to 
the ease of burrowing in sediment with a smaller particle size. 

Substrate , including absence of sediment, can also affect survival and growth of 
penaeids. Species which burrow eg P. japonicus and P. kerathurus, may grow 
faster when sediment is provided (Liao, 1 969; Otazu-Abri l l  and Ceccaldi ,  1 981 ; 
Klaoudatos, 1 980) whi le infrequent burrowers, eg P. setiferus, may grow at simi lar 
rates (Sick et al . ,  1 972) . However, Chien et al. ( 1 989) concluded that growth rates 
of P. monodon, an infrequent burrower, were significantly higher in aquaria with 
substrate than without. 

Because of its high surface area, a substrate which prawns can burrow into, e .g . , 
sand,  can provide an ideal surface for notifying bacteria. Biological filtration is a 
very common method of ammonia removal ( Lucchetti and Gray, 1 988) and a 
number of researchers have investigated removal rates using different types of 
external fi lters , filter substrates ,  ammonia input rates and detention times ( Haug 
and McCarty, 1 972; Forster, 1 974; Bruce and Gunther, 1 981 ; Manthe and Malone, 
1 987) . Less attention has been given to reduction of ammonia in tanks with sub
sand nitrifying filters, even though this type of fi lter is all that is needed in most 
aquarium tanks (Spotte, 1 979) . 

Prel iminary studies by the authors indicated that the presence of sediment affected 
ammonia concentrations, particularly in interstitial water. Numerous studies, mostly 
based on external biofiltration units , have shown that bacterial populations in 
sediment,  or other biofilter media, remove ammonia (Lucchetts and Gray, 1 988) . 
Removal rates depend on ammonia input (Haug and McCarty, 1 972; Foster, 1 974; 
Brune and Gunther, 1 981 ; Manthe and Malone, 1 987) . 

In ponds, sediment suspended by aeration devices can depress photosynthesis 
and hence ammonia removal by algae (Boyd, 1 982) . However, the effect of 
sediment on ammonia concentrations in aquaria is poorly documented although 
ammonia is very toxic to penaeid prawns (Chin and Chen, 1 987; Al lan et al . ,  1 990) 
and can bui ld up to a critical ly high concentration during intensive prawn culture 
(Chen et al . ,  1 988) . The effects of environmental variables such as temperature 
and l ight on burrowing and emergence of penaeids have been investigated ( Fuss 
and Ogren,  1 966; Aldrich , 1 968; Hughes, 1 968; Wickham and Minkler, 1 975; Hi l l ,  
1 985) but no studies were found which described the effects of ammonia on 
emergence of penaeids. 

The aims of this study were to ; 1 )  examine the effects of different substrates on 
survival and growth of M. mac/eayi; 2) investigate the interactive effects of sediment 
and ammonia concentration on mortal ity and emergence of M. mac/eayi and 3) 
determine the effects of sediment, sub-sand nitrifying filters and aeration on the 
concentration of ammonia in overlying and interstitial water in marine aquaria 
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without prawns. M. mac/eayi has often been farmed in New South Wales, NSW, 
Australia, (Maguire and Allan , in press a) , and forms the basis of a large capture 
fishery in that state ( Montgomery, 1 988) . 

MATERIALS AND METHODS 

M. mac/eayiwere otter trawled from Port Stephens, NSW (32° 45' S ,  1 52° 04' E) . 
Prawns were accl imatised for at least one week before experiments commenced 
and were fed freshly shucked and chopped bivalve flesh (pipi ,  Plebidonax 
deltoides) . There were three randomly assigned, 70 I ,  acryl ic aquaria for each 
treatment. In Experiments 1 -2,  ten juveniles were placed in each aquarium. As 
male and female M. macleayi can grow at different rates ( Maguire and Allan , 1 985) , 
five male and five female prawns were used. Seawater from a marine dominated 
estuary was used (average sal inity 34 %0, range 27-35 %0). Before use, seawater 
was filtered through a sand filter and 5 µm and 1 µm cartridge filters . A 1 2: 1 2  h 
photoperiod was used and water temperatures were maintained at 25 °C ( range 
24.5 - 25.8 °C) . This was within the optimum temperature range for M. mac/eayi 
(Maguire and Al lan , in press b) . Continuously flowing seawater (approximately 250 
ml min-1 aquarium- 1 , was provided during each experiment, except for Experiment 
1 , where 90 % of the water in each aquarium was drained and replaced daily with 
pre-heated water. 

For Experiments 2 and 3, concentrated ammonia solutions were prepared in 20 I 
reservoirs using NH4CI, and pH was adjusted to that of incoming seawater 
(approximately 8.0 pH) using 1 0  M NaOH. The concentrated ammonia solutions 
were pumped at 2.5 ml min- 1  to 500 ml mixing flasks where they were di luted by 
incoming seawater before entering aquaria. Seawater was vigorously aerated 
before entering the mixing flasks (Al lan et al . ,  1 990) . 

Experiment 1 - Effect of substrate on growth of M. mac/eayi 

Individually tagged prawns (Al lan et al . ,  1 990) with an average initial weight of 2.2 g 
( range 1 .3 - 3.9 g) were provided with four different types of substrate ; bare (no 
sediment) , mud, fine sand, and coarse sand. The sediment characteristics (Folk, 
1 980) are given in Table 1 .  To assess the importance of interactions (e.g . ,  
cannibalism) between prawns,  within aquaria without sediment, an  additional 
treatment where prawns were individually segregated in 6 mm plastic mesh 
cyl inders ( 1 30 mm long, 50 mm diameter) was provided. 

Gentle aeration (0.8 I min- 1 )  was provided, through two air stone diffusers, for each 
aquarium throughout the 31 d experiment. Prawns were fed fresh ,  chopped pipi 
on an ad libitum basis, once daily, just before the start of the dark cycle. During 
the first four days of the experiment, any prawns which died were replaced and 
these were not included in mortality calculations. Uneaten food and exuviae were 
recorded and removed daily. An average value for individual prawn weight gain 
was calculated for each aquarium at the end of the experiment. Food conversion 
ratio (FRC) (total feed input on a 92 % dry matter basis/wet prawn biomass gain) 
involved initial biomass estimates corrected for mortality. Feed input data for pipi 
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was adjusted to 92 % dry weight basis to enable comparison with FCR data 
recorded for prawns fed pel lets in other studies. 

Experiment 2 - Effects of sediment on acute toxicity of ammonia to M. 
macleayi 

Prawns (average in itial weight 2.3 g ;  range 1 .0 - 3.8 g) were exposed for 96 h to 
seawater with three ammonia concentrations ( < 0.05 [controls] , 29.5-33.2 or 51 .7-
55.3 mg total ammonia-nitrogen (TAN) 1· 1 )  with or without a layer of sand. No sub
surface filters were used (Table 1 ) .  Five males and five females were stocked into 
each aquarium. The number of dead prawns and those not buried were recorded 
after 0.5, 1 ,  2, 4 h and at four hourly intervals thereafter. To reduce d isturbance to 
prawns during observations at night, a shaded 6 V torch was used. 'Emergence'  
was defined as the average number of prawns not buried at each observation. An 
average value for all observations during both the dark and l ight cycle was 
calculated for each aquarium. Absence of response to touching with a g lass rod 
was the criterion of death , and al l  dead prawns were removed. 

Experiment 3 - Ammonia distribution and loss in aquaria 

Six treatments were established. In Treatments 1 -3, commercial ly-available,  plastic 
sub-surface fi lter plates (555 mm x 265 mm) were placed beneath a layer of sand 
(Table 1 ). The sand, for those aquaria with sediment, was obtained from a 0.4 m3 
sub-surface biological filter which had been operating for 1 2  weeks on a tank 
stocked at a wet prawn biomass of 0.9 g 1· 1 •  The sand was added to the aquaria 
25 days before the experiment commenced. The required concentrations of 
ammonia were added to the aquaria 1 7  days before the experiment commenced. 
A single air- l ift pump (air flow 0.8 I min- 1 )  circulated water through the filter and 
aerated each aquarium. No add itional aeration was provided and seawater 
containing 2, 1 0  or 20 mg TAN 1·1 was supplied to each aquarium. For treatments 
4 - 6 seawater containing 20 mg TAN 1·1 was supplied to each aquarium and no 
sub-surface fi lters were used. For treatment 4, the same quantity of sand (from the 
same source) , as used in Treatments 1 - 3 was placed in each aquarium and 
aeration (0.8 I min- 1 )  was provided through two air stone diffusers. Treatment 5 
had no sand but was aerated as in Treatment 4. Treatment 6 had neither sand nor 
aeration.  This experiment was run for seven days without prawns. 

Water quality analyses 

Temperature was measured daily and dissolved oxygen (DO) and sal inity every 
2-3 days in each aquarium during each experiment. For Experiment 1 ,  pH,  
ammonia and nitrite were measured in each aquarium once, just before the 
experiment was terminated. For Experiments 2 and 3, pH and ammonia were 
measured in each aquaria daily and nitrite j ust before the experiments were 
terminated. For Experiment 2, ammonia concentrations and pH values in the 
interstitial water were also measured daily. Samples of interstital water were taken 
using a 2 ml plastic syringe, with the opening covered by plastic mesh (63 µm) ,  
inserted into the sediment to a depth of 5 mm. DO was always above 5.4 mg 1·1 in 
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all three experiments. 

Sal in ity was measured using a Yeo-kal (Yeo-Kai Electronics Pty Ltd, Brookvale, 
NSW) Temperature/Salinity conductivity meter, and DO using a Yeo-Kai 
DO/Temperature meter. DO was always above 5.4 mg 1-1 in all experiments. A 
Metrohm (Metrohm Ltd CH-91 00 Herisaw, Switzerland) pH/mV meter with a 
Metrohm reference and glass electrode assembly was used to measure pH. The 
Sal in ity/Temperature meter, the DO/Temperature and the pH meter and e lectrodes 
were cal ibrated as described by Allan et al . ( 1 990) . Total ammonia-nitrogen (TAN) 
was measured using the indophenol blue colourmetric method (Dai Pont et al . ,  
1 974) . Unionised ammonia-nitrogen (UAN) was calculated from TAN,  pH,  salinity 
and temperature ( Bower and Bidwel l ,  1 978) . Nitrite was measured using 
colormetric methods (Major et al . ,  1 972) and did not exceed 20 µg N02 - N 1-1 , wel l  
below growth reducing levels (Wickins, 1 976; Chen et al . ,  1 990) . 

Statistical analysis 

For Experiment 1 ,  two-factor ANOVA was used to investigate the effects of gender, 
substrate and their interaction on prawn weight gain. As results indicated that 
neither gender nor the interaction between gender and substrate affected prawn 
weight gain ( P > 0.05) , data for both sexes were combined and re-analysed using 
single-factor ANOV A. Single-factor ANOVA's were also used to investigate the 
effects of substrate on FCR and ammonia concentrations. 

For Experiment 2, t-tests were used to compare mortality in aquaria with d ifferent 
substrates (bare or sand) , at particular total ammonia concentrations. Two-factor 
ANOVA was used to investigate the effects of ammonia input concentration and 
i l lumination (dark or l ight) on emergence of prawns from sediment within aquaria. 
As there was a significant interaction between i l lumination and ammonia 
concentration for prawn emergence ( P < 0.01 ) ,  single-factor ANOVA was used to 
investigate treatment effects for each combination of i l lumination and ammonia 
concentration (Underwood, 1 981 ) .  

For Experiment 3, three analyses were carried out; a) two-factor ANOVA's were 
used to compare effects of ammonia input concentration and site of measurement 
(water column or interstitial water) on ammonia concentration and pH in Treatments 
1-3 which had sub-surface fi ltration;  b) single-factor ANOVA was used to compare 
the effects of different sediment, filtration and aeration combinations on total 
ammonia concentration in the water column for Treatments 3-6 which had the 
same total ammonia input concentration ,  and, c) t-tests (Sokal and Rohlf, 1 981 ) 
were used to compare the total ammonia concentration in the interstitial water in 
Treatments 3 and 4 which had sediment and the same total ammonia input 
concentration. 

For al l ANOVA's, homogeneity of variance·was assessed using Cochran's test 
(Winer, 1 971 ) and comparisons among means using Tukey's 'honestly s ignificant 
difference' method (Sokal and Rohlf, 1 981 ) .  For t-tests , homogeneity of variance 
was confirmed prior to analyses using the F-max test (Sokal and Rohlf, 1 981 ) .  To 
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satisfy the assumptions of homogeneity and normality, data for FCR ( Experiment 1 )  
and total ammonia concentration (Experiment 3) were transformed ( log x) and data 
for mortality (Experiments 1 and 2) were transformed (arcsine x0·5) prior to analysis. 
Unless otherwise stated ,  values given in the text are means ± standard error for 3 
repl icate aquaria. 

RESULTS 

Experiment 1 

Mortality was low ( 4 .  7 % overal l) and unaffected by segregation or substrate type 
( P > 0.05) (Table 2) . Prawn weight gain was lowest in the treatment were prawns 
were segregated in cages ( P < 0.01 ) .  Little difference in weight gain between other 
treatments existed ,  however, there was a significant difference between bare and 
fine sand treatments ( P < 0.05) (Table 2). FCR was poorer in aquaria where prawns 
were held in cages compared with all other treatments ( P < 0.01 ) (Table 2) . The 
concentration of ammonia in the water column was lowest in the cage treatment 
and highest in the mud treatment (Table 2). 

Experiment 2 

Very few prawns died in the low ammonia input treatments (0-6.7 %), while at the 
highest input concentration (52.8-54.3 mg TAN 1-1) al l prawns died (Table 3). 
However, mortality at an input concentration of 31 .5-32.6 mg TAN 1-1 was 
significantly higher in the bare aquaria (30 %) than in the sand aquaria (6.7 %) 
( P < 0.05) (Table 3). Both ammonia input concentration ( P < 0.001 ) and i l lumination 
(dark or l ight) (P < 0.00 1 ) affected emergence of prawns and the interaction was 
significant (P < 0.01 ) .  Emergence increased as  the ammonia input concentration 
increased (Table 3) . At the lowest ammonia input concentration,  only 7.3 % of 
prawns were emergent at any observation during the l ight cycle compared with 
71 .7 % during the dark cycle ( P < 0.05) (Table 3). However, at the two higher 
ammonia input concentrations, there was no difference in emergence during the 
l ight and dark cycles ( P > 0.05) (Table 3) . 

Experiment 3 

For Treatments 1 -3 with sub-sand fi ltration and different total ammonia input 
concentrations, both total ammonia concentration and pH were lower in interstitial 
water ( P < 0.001 ) .  There was an interaction between ammonia input concentration 
and site of measurement (water column or interstitial water) for ammonia 
concentration ( P < 0.001 ) but not pH ( P > 0.05) (Table 4) . The interaction is evident 
in the ratio of interstitial and water column concentrations for TAN i.e. , 0.3, 0.7 and 
0.8 for Treatment 1 -3 in that order. Ammonia input concentration had no effect on 
pH (P > 0.05) . As the input concentration of ammonia increased (Treatments 1 -3) , 
ammonia removal increased in absolute terms but declined as a percentage basis 
(Table 4) . 
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For Treatments 3-6 which had similar ammonia input concentrations but different 
fi ltration ,  sediment and aeration regimes, ammonia concentration was lower 
( P < 0.05) where sub-sand fi ltration was used (Treatment 3) and simi lar ( P >0.05) for 
all other treatments (Treatments 4-6) . Ammonia removal in Treatment 3 which had 
sub-surface fi ltration was higher than in Treatment 4 which had sediment but no 
fi ltration ( P < 0.05) and much higher ( P < 0.05) than in Treatments 5 and 6 which had 
no sediment (Table 4) . For the Treatments 3 and 4 which had similar ammonia 
input concentrations and sediment, the concentration of ammonia in the interstital 
water was simi lar ( P > 0.05) (Table 4) . 

DISCUSSION 

Effect of sediment on mortality and growth 

An increase in cannibal ism in the absence of sediment, as described by 
Subrahmanyan and Oppenheimer ( 1 969) for P. duorarum and P. aztecus and 
Otazu-Abri l l  and Ceccaldi ( 1 981 ) for P. japonicus, was not evident for M. macleayi 
during present study. Sick et al .  ( 1 972) and Chien et al. ( 1 989) also found that 
absence of sediment did not affect mortal ity of P. setiferus and P. monodon 
respectively. During subsequent short-term (four day) and longer (three week) 
experiments with both M. macleayi and P. monodon, mortality of prawns not 
exposed to high concentrations of ammonia, low concentrations of dissolved 
oxygen  or low pH,  was always s1 0 % in aquaria without sediment (Al lan and 
Maguire ,  1 99 1 ; Allan and Maguire ,  in press ; Allan et al . ,  1 990) . In the present 
study, prawn weight gain was, however ,  much slower when prawns were 
segregated in cages compared with when they were not. Wickins ( 1 984) also 
found that when P. monodon and P. occidentalis were segregated individually, 
growth rates were 45-65 % of those recorded when prawns were not segregated. 
Wickins ( 1 981 ) concluded that sensitivity of prawns to a pol lutant was affected by 
growth rate . As mortality was not reduced by the use of cages, and growth and 
FCR were worse than when prawns were not segregated ,  experiments on 
environmental requirements of M. macleayi should not be conducted with 
individual ly segregated prawns. 

For prawns not segregated , differences in average weight gain,  in relation to the 
type of substrate , were relatively minor and were only significant for aquaria with 
fine sand (2.2 g prawn- 1 ) compared to those aquaria without sediment ( 1 .8 g 
prawn- 1 ) .  Despite a clear preference exhibited by juveni le M. mac/eayi for fine sand 
where approximately 1 O % of the sand had a particle size of 0.25-0.50 mm 
diameter and 87 % was 0. 1 25-0.25 mm diameter (Ruel le, 1 973) , growth of M. 
macleayi during the present study was simi lar in aquaria with mud, coarse sand or 
fine sand. Mol ler and Jones ( 1 975) suggested that reduced activity and energy 
conservation when P. semisulcatus and P. monodon were buried may result in 
increased growth of prawns under artificial conditions. This hypothesis was 
supported by Lakshmi et al . ( 1 976) who found a paral lel relationship between 
burying response and growth rates for P. aztecus. Furness and Aldrich ( 1 979) 
found growth of P. aztecus was positively correlated with increasing pond bottom 
softness in experimental 0. 1 ha ponds. Similarly, Liao ( 1 969) found growth rates 
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were higher and FCR's lower for P. japonicus in aquaria with a sand layer 
compared to aquaria without any sediment. 

Growth in response to the presence or absence of sediment may be related to the 
burrowing activity of the species being investigated. Sick et al . ( 1 972) found that 
for P. setiferus, an infrequent burrower, growth was not affected by absence of 
sediment.  In the experimental faci l ities described here, P. monodon do not burrow 
as deeply or as frequently as M. macleayi. In experiments with P. monodon in 70 I 
acryl ic aquaria no significant differences in weight gain were found for prawns 
grown with mud, sand or no sediment (Maguire and Allan, unpublished data) . 
Conversely, Chien et al . ( 1 989) found growth of P. monodon was red uced when no 
substrate was present although these results were confounded by differences in 
water quality between treatments. 

The ammonia concentrations measured during Experiment 1 in the present study 
were all wel l  below growth reducing values (Allan et al . ,  1 990) . The lowest 
concentrations were in the aquaria where prawns were segregated , possibly due to 
lower ammonia excretion rates for less active, slowly growing prawns receiving 
lower feed inputs. The highest concentrations were recorded in the aquaria with 
mud,  possibly due to the higher organic content of this substrate compared with 
others. Decomposition of organic material can result in elevated ammonia 
concentrations (Boyd, 1 982) . 

Effect of sediment and ammonia on mortality and emergence 

Although mortality was not affected by the absence of sediment when ammonia 
concentrations were low, when ammonia concentrations were e levated (31 .5-32.6 
mg TAN 1- 1 ;  Experiment 3) , mortality was much higher 30±5.8  % in  aquaria without 
sediment than in aquaria with sand.  To prevent disturbance to prawn burrowing 
activity the concentration of ammonia and pH in the interstitial water were not 
measured during Experiment 2. However ,  measurements taken during Experiment 
3 (Table 4) indicated that ammonia concentration and pH in the interstitial water, in 
the zone where prawns bury, were considerably reduced. Thus concentrations of 
UAN, by far the most toxic form of ammonia (Smart, 1 978) , in the interstitial water 
during Experiment 3 were 0.22±0.00 UAN 1- 1 compared with 0.85±0.02 UAN 1- 1 in 
the water column.  Any prawns which were buried in the sediment during 
Experiment 2 would have been exposed to less toxic conditions than those not 
buried, although respiratory currents could have drawn in overlying water with 
higher ammonia concentrations (Ruel lo, 1 973) . 

Fuss and Ogren ( 1 968) , after reviewing burrowing activity of P. duorarum, 
concluded that burrowing served as a protective measure against predation and 
adverse environmental conditions. Studies of effects of adverse temperatures on 
emergence support Fuss and Ogren 's hypothesis (Aldrich et al . ,  1 968; Hi l l ,  1 985) . 
Egusa and Yamamato ( 1 961 ) found that P. japonicus emerged from the sediment 
when dissolved oxygen concentration fel l  to 0.5 mg 1- 1  and interpreted this as a 
mechanism to ensure sediment did not impede the flow of water to the prawns, 
respiratory s iphon when dissolved oxygen concentrations were low. Surprisingly, 
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in the present study, emergence increased in response to an adverse 
environmental condition (high ammonia concentration) even though the lower 
concentrations in the sediment could have provided a refuge. It is possible that M. 
macleayi rarely experience such elevated concentrations of ammonia in the wild, as 
opposed to low temperatures or d issolved oxygen concentrations, and hence a 
selective behavioural mechanism for an appropriate burrowing response may not 
have developed. Alternatively, prawns may have emerged to seek water with a 
lower ammonia concentration. 

Effect of sediment and aeration on ammonia levels 

The presence of sediment reduced ammonia concentrations in aquaria and, not 
surprisingly, this effect was enhanced by arranging the sand layer as a biofilter. 
The amount of ammonia removed increased in absolute terms but decreased as a 
percentage basis as input concentrations of ammonia increased in aquaria with 
sub-surface fi lters (Table 3) . Forster ( 1 974) described a simi lar response in studies 
with percolating biological fi lters. The loading and removal rates for the sub
surface fi lters used in the present study were calculated using water flow rates (250 
ml min- 1 ) and fi lter volume (6 I). At ammonia input concentrations of 2, 1 0  and 20 
mg TAN 1· 1 , loading rates to each aquarium were 1 20, 600 and 1 200 mg TAN d· 1 I 
filter media· 1  in that order, whi le removal rates were 60, 1 02 and 1 98 mg TAN d· 1 I 
fi lter media·1 • Although the design of nitrifying fi lters used for aquaculture varies 
considerably, these removal rates were less than those reported for percolating 
filters using polyurethane cubes (99-450 mg TAN d·1 fi lter media·1 for input levels of 
1 00-500 mg TAN d·1 I filter media· 1 ; Brune and Gunther ,  1 98 1 ) or columns of gravel 
(49-595 mg TAN d- 1 I filter media· 1 for input levels of 50-768 mg TAN d-1 I filter 
media· 1 ; Haug and McCarty, 1 972; Forster, 1 974) as the filter media. The difference 
between ammonia concentrations in the interstital water and the water column, 
particularly at the lowest ammonia input concentrations, indicates that water flow 
through the fi lter was insufficient for adequate mixing.  Other l imiting factors could 
be conditioning t ime for the biofi lter ,  oxygen levels in the sediment layer and 
clogging of the sand because of small particle sizes (Haug and McCarty, 1 972; 
Forster, 1 974; Kaiser and Wheaton, 1 983) . 

Ammonia is volati le and although air-stripping can be used to reduce 
concentrations it is generally considered impractical for small scale water re-use 
systems (Lucchetti and Gray, 1 988) . In this study, l ight aeration (0.8 I min · 1 ) ,  had 
no effect on ammonia concentrations. 

Application to commercial and experimental prawn culture 

The major conclusion from this study is that the choice of substrate material for 
grow-out systems for M. macleayi should not be based on the physical 
requirements of this species but rather on engineering or sediment chemistry 
considerations. Simi larly, Maguire ( 1 980) found that in pond trials, in which growth 
and survival rates were qu ite variable, there was no significant difference in growth 
or survival rates of M. macleayi grown on concrete or fine sand. However, in the 
present study, the provision of sediment for this burrowing penaeid did reduce the 
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acute toxic effects of ammonia both through removal of ammonia and lower 
ammonia concentrations in the interstitial water. 

Chen et al . ( 1 988) found survival and average growth rates over 1 41 days were 
44.3 % and 0.07 g prawn day-1 respectively for P. penicillatus stocked at a density 
of 286 prawns m·2 in earthen ponds where a 1 0  cm deep layer of sand and gravel 
was provided. These results were recorded despite average monthly ammonia 
concentrations reaching 46. 1 mg TAN 1-1 , close to the 96 h LC50 for P. monodon 
postlarvae and juveni les and wel l  in excess of growth reducing concentrations for 
P. monodon (Chin and Chen, 1 987; Allan et al . ,  1 990) . Differences in ammonia 
tolerance between penaeid species do occur (Al lan et al . ,  1 990) and acclimation to 
high ammonia concentrations could also have been a factor ( Ferguson, 1 988) . 
However, even though P. penicillatus do not usually burrow (Liao and Chien, 1 990) , 
the sand and gravel layer may have reduced toxic effects in this high ammonia 
environment. The sand and gravel layer, together with the high nutrient input, 
would also have faci l itated the development of a microbial community contributing 
to the decline in pH from 8. 1 to 7.3 and hence in the proportion of ammonia in the 
h ighly toxic unionised form (Chen et al . ,  1 988) . 

For M. mac/eayi, absence of sediment does not affect mortal ity and, to prevent 
reduction in ammonia and pH in the sediment, bioassays to determine ammonia or 
pH toxicity should be conducted in aquaria without sediment. It should be noted, 
however, that the critical values determined without sediment may be conservative 
estimates for prawns in the wild or under culture conditions where sediment 
suitable for burrowing is present. Gentle aeration has l ittle effect on ammonia 
concentrations and is essential during long term bioassays when prawns are fed 
(Al lan et al . ,  1 990) . As average growth rates of M. macleayi in controls during the 
static bioassay (Experiment 1 )  (0.058 g day-1)  were slower than those recorded 
during a continuous-flow bioassay using the same temperature and food and 
feeding regime (0.07 1  g day·1 ; Allan et al . ,  1 990) , it is preferable to use continuous
flow bioassays to determine effects of adverse water quality variables on penaeids. 
For other experiments with penaeid prawns where sediment is provided, the 
inclusion of sub-surface fi lters wi l l  assist with removal of ammonia. These fi lters are 
convenient and inexpensive, although removal rates are not as high as those 
reported for other types of biological filters. 
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TABLE 1 

__ , ___, ........... 

Grain size characteristics (Folk,  1 980) and organic content of sediment used in marine aquaria (% of dry matter) . Each aquarium 
had a 40 mm deep layer of sediment (6 .5  kg dry weight) 

Particle size (mm) <0.063 mm 
component 

Sediment Organic 
description content (%) 1 .0-2.0 0.25- 1 .0 0.063-0.25 < 0.063 Clay Silt 

(%) (%) (%) (%) (%) (%) 

Mud1 6.6 0 0.5 0.7 98.8 33.8 65.0 

Fine sand1 0.6 0 91 .9  6.4 1 .7 0.6 1 . 1 

Coarse sand1 0.2 1 .9 97.6 0. 1 0.4 0.4 0 

Sand2 0.3 0.9 98.0 0.2 0.9 0.9 0 

Experiment 1 

2 Experiments 2 and 3 

f--' 
-....] 



TABLE 2 

Mortal ity , weight gain and food. conversion ratio over 31 days for Metapenaeus mac/eayi and ammonia concentration in  the water 
column,  in marine aquaria with d ifferent substrates during Experiment 1 2 

Mortal ity3 Average weight gain Food Conversion Ratio4 Ammonia 
Treatment (%) (g prawn- 1 )  (FCR) (mg TAN 1- 1 )  

Cage2 3.3± 3.3a 0.6± 0. 1 8 4.4± 0.5a 0.3± 0. 1 1 8 

Bare 1 0.0± o.oa 1 .8±0 . 1 b 1 .7± 0. 1 b 1 .0±0. 1 bc 

Mud 6.7± 3.3a 2.0± 0. 1 bc 1 .6±0. 1 b 1 .4± 0.03c 

Coarse sand oa 2.0± 0. 1 bc 1 .5± 0.03b 0.6± 0.2ab 

Fine sand 3.3± 3.38 2.2± 0C 1 .3± 0. 1 b 0.9±0. 1 bc  

Values are means ± standard error for 3 replicate aquaria .  Within each column,  means sharing a letter i n  the superscript 
are not s ign ificantly d ifferent (P > 0.05) 

2 

3 

4 

Individual prawns were held separately in 6 mm mesh cyl inders ( 1 30 mm long) 

Data were transformed (arcsine [0.0 1  x]0·5) prior to statistical analyses 

Data were transformed (log x) prior to statistical analyses 

- - - - - -
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TAB LE 3 

- -

Mortal ity and emergence of Metapenaeus mac/eayi from the sediment layer in aquaria with different ammonia input concentrations and 
sediment {Experiment 2) 

Ammonia input1 

{mg TAN5 1- 1 ) {mg UAN6 1- 1 )  

< 0.05 < 0.002 

< 0.05 < 0.002 

31 .5± 0.5 1 .4± 0.05 

32.6± 0.2 1 .4± 0.02 

52.8± 0.4 2.3± 0.05 

54.3± 0.8 2.3± 0.03 

Sediment 

(kg) 

6.5 

0 

6.5 

0 

6.5 

0 

Mortal ity after 96 h1 • 2• 3 

(%) 

0 

6.7± 3.3 

6 .7± 6.7 

30.0± 5.8 

1 00± 0 

1 00±0  

Values are means ± standard error for repl icate aquaria 
Data transferred (arcsine x0·5) prior to statistical analysis 

Emergence1 • 2. 4 

Light (%) Dark (%) 

7.3± 1 .78 71 .7± 6.7bc 

48.4± 8.9b 67.4± 1 0.3b 

79.2± 1 .4bc 94.2±2.5c 

2 
3 Means for any combination of l ight or dark and ammonia input, sharing a simi lar letter in the superscript are not significantly different 

(P > 0.05) 
4 
5 

TAN = total ammonia-nitrogen 
UAN = unionised ammonia-nitrogen 

t-' 
\.0 



TABLE 4 

Ammonia concentrations and pH values in the water column and interstitial water, and removal of ammonia from the water column, in marine 
aquaria with different ammonia input concentrations, sub-sand fi ltration,  sediment and aeration regimes (Experiment 3) . 

Treatment Ammonia input Sediment Aeration Sub-surface 
filter 

Water column1 • 2• 3 Interstitial water1 · 2. 4 

1 

2 

3 

4 

5 

6 

2 

3 
4 
5 
s 

(mg TAN 1- 1 ) 

2.0 

1 0.0 

20.0  

20.0 

20.0 

20.0  

(kg dry wt) (I min- 1 )  

6.5 0 .8 

6 .5 0 .8 

6 .5 0 .8 

6 .5 0 .8 

0 0 .8 

0 0 

Yes 

Yes 

Yes 

No 

No 

No 

Values are means ± standard error for 3 repl icate aquaria 

pH 

7.9± 0.03 

7 .9±0 . 1  

7 .9± 0.03 

8.0± 0.03 

8. 1 ± 0.03 

8 .0± 0.03 

ammonias ammonia removal pH ammonias 

(mg TAN 1- 1 )  (% TAN) (mg TAN 1 - 1 )  

1 .0±0 . 1  48.0± 6.4 7.6± 0.03 0.3± 0. 1 

8.3± 0.8 1 6.8± 8. 1  7.5± 0. 1 5.9± 1 .0 

1 6.7± 0.2a 1 6.5± 1 .0a 7.5± 0.03 1 4. 1  ±0.5 

1 8.3± 0.3b 8.6± 1 .3b 7.6± 0.03 1 2.5± 0.2 

1 9.4± 0.4b 3.0± 1 .8b 

1 9.6± 0.9a 2. 1 ±2.0b 

For Treatments 1 -3, ammonia input level ,  site of measurement (water column or interstitial water) and their interaction all affected 
ammonia concentration (P < 0.001 ) .  Site of measurement affected pH level (P < 0.001 ) but effects of ammonia input level and the 
interaction between ammonia input and site of measurement were not significant (P >0.005) 
For Treatments 3-6, means with a common letter in the superscript are not significantly different (P > 0.05) 
For Treatments 3 and 4, mean levels of ammonia in interstitial water were not different (P > 0.05) 
TAN:  total ammonia-nitrogen 
Data transformed (log x) prior to statistical analysis 

- - - - - ._ 

N 
0 
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2.3 Acute and chronic toxicity of ammonia to juvenile Metapenaeus macleayi and 
Penaeus monodon and the influence of low dissolved oxygen concentrations 

ABSTRACT 

Allan , G. l. , Maguire, G. B. and Hopkins, S. J . ,  1 990. Acute and chronic toxicity of 
ammonia to juveni le Metapenaeus macleayi and Penaeus monodon and the 
influence of low dissolved oxygen concentrations. Aquaculture ,  91 : 265-280. 

Acute toxicity of ammonia was estimated as 96 h LC50 values. For juveni le ,  
Metapenaeus mac/eayi, and, Penaeus monodon, these were 1 .39 and 1 .69 mg 
unionised ammonia-nitrogen (UAN) 1- 1 (26.3 and 37.4 mg total ammonia-nitrogen 
(TAN) 1- 1 ) respectively. Reduced dissolved oxygen (DO) concentrations significantly 
(P < 0.05) increased the acute toxicity of ammonia to P. monodon. 90.0 % of 
prawns held for 96 h at a DO concentration of 2.3 mg 1- 1 and an ammonia 
concentration of 1 .60 mg UAN 1- 1 (33.5 mg TAN 1- 1 ) died , whereas only 33.3 % died 
at a DO concentration of 5.7 mg 1- 1 and a similar ammonia concentration of 1 .63 
mg UAN 1- 1 (33.9 mg TAN 1 - 1 ) .  The "maximum acceptable" concentration of 
ammonia was defined as that which reduced growth by 5 % over three weeks. For 
M. mac/eayi and P. monodon these concentrations were 0.35 and 0.21 mg UAN 1- 1 
(7.7 and 4. 1 mg TAN 1- 1 ) respectively. 

INTRODUCTION 

Ammonia is very toxic to aquatic animals and can cause impairment of cerebral 
energy metabolism and damage to gi l l ,  l iver ,  kidney, spleen and thyroid tissue in 
fish ,  crustaceans and mol luscs (Smart, 1 978; Colt and Armstrong, 1 981  ) .  It can 
l imit production in intensive fish and crustacean aquaculture (Delistraty et al . ,  1 977; 
Colt and Armstrong , 1 981 ) and has kil led fish in the wild (Tarazona et al . ,  1 987) . 

In  solution total ammonia comprises un-ionised ammonia (NHJ and ionised 
ammonia (NH4 +) in equi l ibrium.  The proportions of each depend mainly on pH, but 
also on temperature, sal in ity and pressure (Whitfield , 1 974) . NH3 is by far the more 
toxic (Smart, 1 978) ; however, NH4+ may also become toxic, especially at low pH 
levels when the proportion of ammonia as NH4 + is very high (Shaw, 1 960; 
Armstrong et al . ,  1 978) . 

Ammonia is the principal n itrogenous product excreted by crustaceans (Claybrook, 
1 983) and may also accumulate in culture systems fol lowing microbial 
decomposition of organic material (Stanier et al . ,  1 976) and with some ferti l isation 
practices (Boyd, 1 982) . As low dissolved oxygen (DO) concentrations can occur 
following organic decomposition,  an interaction between ammonia and DO could 
be important for aquaculturists . 

Low dissolved oxygen concentrations increase the toxicity of ammonia to fish 
(Alabaster et al . ,  1 979; Thurston et al . ,  1 981 ) and Lloyd ( 1 961 ) attributed this to an 
increase in the uptake of ammonia as gil l venti lation rates increased to prevent 
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hypoxia. When the present study was undertaken,  no reports describing the 
effects of low dissolved oxygen concentrations on ammonia toxicity for crustaceans 
were found. However, recent work has shown that low DO increased the toxicity of 
ammonia to P. semisulcatus (Wajsbrot et al . ,  1 990) . 

Previous studies on the toxicity of ammonia to crustacean larvae have involved 
lobsters Homarus americanus (Delistraty et al . ,  1 977) , freshwater prawns 
Macrobrachium rosenbergii (Armstrong et al . ,  1 978) and penaeids; Penaeus 
indicus (Jayasankar and Muthu,  1 983) and P. monodon, (Chin and Chen, 1 987) . 
One study used juveni le penaeids ( < 2g) but the results for several s pecies were 
pooled (Wickins, 1 976) . Recent studies have used juveni le P. semisu/catus (0.3-2.4 
g) (Wajsbrot et al . ,  1 990) , juveni le P. monodon (3.9-6.2 g) (Chen et al . , 1 990) and 
juveni le P. japonicus (0.025 g) (Kou and Chen, 1 991 ) .  All used static bioassay 
methods to est imate critical concentrations of ammonia. This approach is l imited, 
as animals are stressed when test solutions are replaced, and metabol ic wastes 
can increase the concentrations of ammonia between water exchang es ,  especially 
when larger animals are used and in chronic bioassays when animals are fed. 

Most studies of ammonia toxicity involve a single species. Comparisons between 
species are made using results from different bioassay systems; however, 
comparisons are more val id if only one bioassay system is used . In the present 
study continuous flow bioassays were used to determine the acute and chronic 
toxicity of ammonia to juveni le Metapenaeus macleayi and P. monodon both 
commonly farmed in Austral ia (Maguire and Allan, 1 985; Maguire et al . ,  1 988) . The 
effects of low dissolved oxygen on acute toxicity of ammonia to P. monodon were 
also investigated. Results from this study may assist with the management of 
prawn culture systems especial ly intensive nursery and grow-out units which can 
experience high ammonia levels (Chen et al . ,  1 988) . 

MATERIALS AND METHODS 

Experimental animals 

P. monodon came from prawn farming ponds (Goodwood Island, NSW) and 
Metapenaeus macleayi were otter trawled from Port Stephens, NSW. They were 
accl imatised in the experimental aquaria for at least a week before experiments 
commenced. Dur ing both acclimation and chronic bioassays, prawns were fed 
freshly shucked and chopped bivalve flesh (pi p i ,  Plebidonax deltoides) . 

Bioassay system 

Continuous flow bioassays were conducted in 1 8  acryl ic aquaria (70 I) with 1 0  
prawns in each . Al l  experiments had six treatments with three randomonly 
assigned repl icate aquaria per treatment. Except for the low dissolved oxygen 
experiment (Experiment 3) treatments included one control ,  with no added 
ammonia, and five with d ifferent ammonia concentrations. Concentrated ammonia 
solutions were prepared in 20 I reservoirs and pumped at 2.5 ml miff 1 to 500 ml 
mixing flasks, d i luted by flowing seawater and then suppl ied to the aquaria. 
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Seawater was filtered through a commercial sand filter and 5 µm and 1 µm 
cartridge filters before entering the mixing flasks at a control led flow rate of 245 ml 
min-1 • The combined flow (ammonia solution plus seawater) of 247.5 ml  min"1 
replaced approximately 90 % of each 70 I aquarium in 1 0  h as recommended by 
Sprague ( 1 969) . Except for Experiment 3, seawater was vigorously aerated before 
reaching the mixing flasks. Ammonium chloride (NH4CI) was used to prepare 
ammonia solutions, and pH was adjusted in the 20 I reservoirs to that of incoming 
seawater by the addition of 1 0  M NaOH. 

No sediment was provided for the prawns because it reduced the concentration of 
ammonia, presumably due to n itrification. Control of pH was also harder when 
sediment was provided. The absence of sediment did not increase cannibalism 
among starved M. macleayi over 96 h or significantly affect growth (P > 0.05) in 3-
4 weeks when M. macleayi or P. monodon were fed ad libitum with pipi flesh (Al lan 
and Maguire, unpubl ished data, 1 989) . Seawater was maintained at constant 
temperatures of 25± 1  °C and 27±2 °C for bioassays with M. macleayi and P. 
monodon respectively. These temperatures were within the optimum range for 
growth of each species (Maguire and Allan , unpubl ished data, 1 989) . A 1 2: 1 2  hour 
photoperiod of l ight:dark was maintained. Except for Experiment 3, dissolved 
oxygen levels were maintained above 5.5 mg 1· 1 in all experiments either by 
vigorously aerating incoming water (Experiments 1 and 2) or by using two airstone 
d iffusers in each aquarium (Experiments 4 and 5) . 

The bioassay seawater was essentially oceanic (salinity 30.4-36.3 %0) with sl ightly 
elevated levels of suspended solids as described by Scribner ( 1 986) . Total n itrite
N plus n itrate-N levels in acute bioassays (1 - 3) remained below 30 µg 1·1 , but in 
chronic bioassays (4 - 5) levels reached 1 1 1  µg 1· 1 , stil l  well below those which 
reduced growth of juveni le penaeids (Wickins, 1 976) . 

Water quality analyses 

The ammonia concentration ,  pH and temperature in each aquarium were measured 
daily. The indophenol b lue colourmetric method (Dai Pont et al . ,  1 973) was used 
to measure ammonia. Un-ionised ammonia-nitrogen (UAN) concentrations were 
calculated daily from measurements of total ammonia-nitrogen {TAN) , pH,  
temperature and sal in ity (Bower and Bidwel l ,  1 978) . Orion and Metrohm pH/mV 
meters, with Ross combination and Metrohm reference and glass electrodes 
respectively, were used to measure pH. The electrodes were calibrated with 
phosphate and borate buffers {American Publ ic Health Association [A.P .H .A.] , 
1 971 ) and both systems agreed (± 0.01 pH units) . Nitrite and nitrate were 
measured occasionally using colourmetric methods (Major et al . ,  1 972) . Sal in ity 
was measured regularly using a Yeo-Kai temperature/sal in ity conductivity meter 
(Yeo-Kai Electronics, Brookvale, Sydney, N.S.W. 21 00 Austral ia) cal ibrated with 
sub-standard seawater and a standard thermometer. Dissolved oxygen was 
measured with a Yeo-Kai dissolved oxygen/temperature meter calibrated before 
each set of measurements with "air-saturated" seawater and periodically using 
Winkler's titration (A.P .H .A. , 1 971  ) .  
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Experiments 1 and 2 - Acute bioassays 

To assess the acute toxicity of ammonia to M. macleayi and P. monodon six 
experimental concentrations ranging from 0.003 - 3.54 mg UAN 1 - 1  (0.06 - 66.4 mg 
TAN 1· 1 )  and 0.002 - 2.27 mg NH3-N UAN 1 - 1  (0.04 - 51 .0 mg TAN 1· 1 )  respectively 
were establ ished. Just before the start of each acute bioassay, ammonia 
concentrations and pH in each aquarium were quickly adjusted with ammonium 
chloride and sodium hydroxide. The initial mean weights for M. macleayi and P. 
monodon were 2.0 g (range 0.9 - 4.8 g) and 2.2 g (range 0.8 - 4.5 g) respectively. 
Prawns were not sexed for the acute bioassays, no aeration was provided and 
prawns were not fed .  Absence of response to touching with a glass rod was the 
criterion of death and all dead prawns were removed. Fol lowing A.P .H .A. ( 1 971 ) 
and Sprague (1 969) , the acute bioassays were run for 96 h .  Longer periods were 
not considered appropriate due to stress and cannibalism. Mortal ity checks were 
made after 0.5, 1 ,  2 and 4 h and at four hourly intervals thereafter. 

Experiment 3 - Effect of low dissolved oxygen on acute ammonia toxicity 

In this experiment only unsexed P. monodon were used and, except for oxygen 
control ,  s imilar methods to those described for Experiments 1 and 2 were used. 
Average in itial prawn weight was 4.2 g (range 2.0 - 8.3) . The dissolved oxygen 
concentration was reduced for five of the six treatments to approximately 2.2 mg 1 · 1  
using a vacuum, gas-stripping apparatus similar to that described by Mount ( 1 961 , 
1 964) . 

One of these five treatments was a control (no added ammonia) and in the other 
four ammonia was added to give 0.53, 0.95, 1 .30 and 1 .63 mg UAN 1· 1 ( 1 2.6, 1 9.9,  
27.0 and 33.9 mg TAN 1 · 1 ) .  For the sixth treatment vigorously aerated seawater was 
used and ammonia was added to give 1 .60 mg UAN 1 - 1 • 

Experiments 4 and 5 - Chronic bioassays 

To assess the effects of ammonia on weight gain ,  survival and food conversion 
efficiency for school and P. monodon, six experimental levels ranging from 0.01 -
1 .20 mg UAN 1 - 1 (0.2 - 24.2 mg TAN 1 - 1  N 1 · 1 ) and 0.02 - 1 .60 mg UAN 1 - 1  (0.3 - 32.9 
mg TAN 1- 1 ) respectively were established. For Experiment 4 M. macleayi averaged 
2.5 g (range 0.9 - 5.6 g) and for Experiment 5 P. monodon averaged 3. 7 g (range 
1 .6 - 6 .9 g) . Prawns were individually tagged before stocking by injecting a marker 
of petroleum jel ly impregnated with a fluorescent dye, "saturn yellow", into the 
musculature of one of the abdominal segments on either side (Klima, 1 965) . 
Prawns were fed ad libitum, and gentle aeration was provided throughout. As 
juveni le male and female M. macleayi grow at different rates, (Maguire and Allan , 
1 985) , equal numbers of males and females were stocked into each aquarium for 
Experiment 4, but as P. monodon grow at similar rates when < 1 3  g (Liao, 1 977) , 
prawn sex was not recorded for Experiment 5. At the start of each chronic 
bioassay, ammonia concentrations were allowed to r ise gradually, reaching 
required concentrations within 48 h. 
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After 3 weeks exposure, the average individual prawn weight gain was determined 
for each aquarium. Weight gain values were based on individual measurements of 
in itial and final weights for prawns that survived or that died during the last three 
days of an experiment. The minimum numbers of prawns,  in any aquarium,  used 
for average individual weight gain determinations were n :<!: 6 for M. macleayi and n 
:<!: 7 for P. monodon. 

Statistical analyses 

For acute bioassays (Experiments 1 and 2) mortality data represent deaths over 96 
h unless stated. The dose response at each concentration was determined with 
probit analysis (Busvine, 1 957) , using pooled data for repl icate aquaria. Acute 
toxicity was expressed as 96 h LC50, that concentration which ki l led 50 % of the 
prawns in 96 h.  To enable comparisons with other studies, 48 h LC50 values were 
also calculated. 

For al l other experiments (3 - 5) , treatment effects were identified using analysis of 
variance (ANOVA) , and multiple comparisons among means were made using 
Tukey's honestly significant difference techniques (Sokal and Rohlf, 1 981 ) .  
Homogeneity of variance was confirmed using Cochran's test (Winer, 1 971 ) .  
Throughout the paper mean ± S.E.  values are given, except where 95 % 
confidence l imits are indicated. 

For the chronic bioassay with M. macleayi (Experiment 4) two-factor ANOVA was 
used to investigate the effects of ammonia concentration and sex on growth. For 
al l  other analyses , including the effect of ammonia concentration on P. monodon 
growth (Experiment 5) , single factor ANOVA's were used. Survival and food 
conversion efficiency for each aquarium were also calculated. The food conversion 
ratio (FCR) was estimated by dividing the total amount of food eaten by the prawns 
in each aquarium by the total prawn biomass increase in each aquarium (g wet 
weight) . Weight of bivalve fed was adjusted to 92 % dry weight for comparison 
with values recorded in trials with pelleted artificial diets (Maguire et al . ,  1 988) . In 
aquaria where mortality occurred, the initial weights of the prawns that died were 
not considered in FCR calculations. When survival was less than 80 % within an 
aquarium, the data for that treatment were not included in statistical analysis of 
FCR. To meet the assumptions of normal ity and homogeneity of variance, FCR 
data were transformed ( log x) prior to analysis. 

The EC5 value, that concentration at which prawn growth was reduced by 5 %, was 
considered the "maximum acceptable" concentration of ammonia. This was 
estimated from two intersecting l inear regressions (Sedgwick, 1 979; Maguire and 
Hume, 1 982) . The first regression l ine was based on the control and those 
treatments where growth was not obviously affected by ammonia concentration . 
The second was based on al l remaining treatments plus the results from the 
treatment with the highest ammonia concentration from the first regression analysis. 
The point of intersection estimates the maximum concentration of ammonia that did 
not reduce prawn growth. This point and the second regression equation were 
used to predict the concentration of ammonia expected to result in a 5 % reduction 
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in growth (Figs. 1 and 2) . 

RESULTS 

Experiments 1 and 2 - Acute bioassays 

Mortal ity of M. mac/eayi over 96 h increased from 33.3 % to 1 00 % as ammonia 
increased from 1 .33 to 2.64 mg UAN 1-1 (Table 1 ) .  Because most prawns died in 
four of the six treatments (90.0 - 1 00 %) , lower concentrations were used in the 
acute bioassay with P. monodon (Table 2) . With P. monodon few mortalities (0 -
3.3 %) were recorded up to 1 .42 mg UAN 1- 1 with mortality increasing to 96.7 % as 
the concentration increased to 2.27 mg UAN 1-1 (Table 2) . Lethal coAcentrations 
(96 h LC50 values) were higher for P. monodon ( 1 .69 mg UAN 1· 1 , 95 % confidence 
l imits ; 1 .69, 1 .84 mg UAN 1· 1 ) than for M. mac/eayi ( 1 .39 mg UAN 1- 1 95 % 
confidence l imits ; 1 .22, 1 .57 mg UAN 1- 1 ) .  

Experiment 3 - Effect of low DO on acute ammonia toxicity 

At a low DO concentration (2.2 mg I) , mortal ity of P. monodon was low (0 - 1 0.0 %) 
and not s ignificantly affected (P >0.05) by ammonia concentration in the range 
0.004 - 1 .30 mg UAN 1- 1  (Treatments 1 - 4 ;  Table 3) . However, at 1 .63 mg UAN 1- 1 , 
90.0 % died at the low DO concentration.  At a simi lar ammonia concentration ( 1 .60 
mg UAN 1· 1 ) prawns held in wel l-oxygenated water {5.7 mg 1· 1 ) had significantly 
(P < 0.05) lower mortality (33.3 %) . 

Experiment 4 - Chronic bioassay with M. macleayi 

Female M. mac/eayi, in the presence of males, grew faster (P < 0.05) than males in 
the presence of females in all treatments. As there was no sex-ammonia 
interaction (P >0.05) the data for both sexes were combined to compare means 
{Table 4) and to estimate the EC5 (Figure 1 ) . Growth relative to the control (0.01 
mg UAN 1· 1 ) was not significantly (P >0.05) reduced from 0. 1 0  - 0.64 mg UAN 1-1 , 
however, at 0.89 and 1 .20 mg significant reductions occurred (P<0.05) (Table 4) . 
The EC5 value was 0.35 mg UAN 1-1 (7.6 mg TAN 1· 1 ) .  Survival was high (90 - 1 00 
%) at 0 .01  - 0.64 UAN 1-1 but was significantly reduced at the highest concentration 
(1 .20 mg UAN 1· 1 ) {P < 0.05) . FCR was unaffected at ammonia concentrations 
where survival exceeded 80 % in each repl icate (P >0.05) {Table 4) . 

Experiment 5 - Chronic bioassay with P. monodon 

Growth relative to the control (0.02 mg UAN 1· 1 )  was not significantly reduced 
(P >0.05) from 0. 1 0  - 0.45 mg UAN 1- 1 , however, at 0.78 and 1 .08 mg significant 
reductions occurred (P< 0.05) {Table 5) . The EC5 value was 0.21 mg UAN 1- 1  (4. 1 
mg TAN 1- 1 ) .  Ammonia concentration also significantly reduced survival (P < 0.05) at 
1 .08 and 1 .60 mg UAN 1-1 and FCR (P< 0.05) at 0.78 mg UAN 1-1 • 
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DISCUSSION 

During a l l  experiments, survival among controls exposed to negligible ammonia 
concentrations was > 90 %, and relatively stable ammonia, pH, temperature and 
DO concentrations were maintained in al l aquaria. Although stocking density in the 
aquaria was equivalent to approximately 45 prawns m·2, g rowth of M. mac/eayi in 
the controls was 0.07 g day· 1 during Experiment 4. This com pared wel l  with that 
recorded during four 8 - 1 2  week farming trials (0.06 - 0.08 g day1)  with this 
species at between 1 7.4 and 27.0 prawns m·2 in a 1 ha pond (Maguire and Allan , 
1 985) . Similarly, growth of P. monodon (0. 1 8 g day· 1 )  in the controls in Experiment 
5 was comparable with that measured by the authors in model ponds (0. 1 7 ± 0.01 
g day· 1 )  at 25 prawn m·2 and a simi lar average water temperature (26.9 °C) . 
However, faster growth rates for this species (0.3 g day1 ) have been recorded 
(Liao, 1 977) . As survival and growth rates were comparable with larger scale 
faci l ities , the continuous flow bioassay system used here was considered 
appropriate for assessing both the acute and the chronic toxicities of ammonia. 

The acute toxicity results obtained are compared with other published values for 
crustaceans in Table 6. As different levels of water qual ity variables which affect 
the NHJNH4 + equi l ibrium were used, e .g . ,  pH,  comparisons are made between 
concentrations of un-ionised ammonia (NH3-N) , the more toxic form of ammonia. 
Previous studies with penaeid larvae have shown that tolerance to acutely toxic 
concentrations of ammonia increases with age (Jayasankar and Muthu ,  1 983; Chin 
and Chen, 1 987) . For example the 24 h LC50 for P. monodon increased from 0.54 
to 4.70 mg UAN 1·1 as the animals progressed from naupl i i  to postlarvae (Chin and 
Chen , 1 987) . Here the 96 h LC50 value for juveni le P. monodon ( 1 .69 mg UAN 1· 1 )  
was higher than for postlarvae ( 1 .04 mg UAN 1·1 ) (Chin and Chen,  1 987) although 
the 48 h LC50 values were more similar (2.33 and 2.50 mg UAN 1·1 respectively) . 

Wickins ( 1 976) used small (0.5 - 1 .5 g) juveni le penaeids of seven mixed species 
and found a lower 48 h LC50 value ( 1 .29 mg UAN 1· 1 )  than those for M. mac/eayi 
and P. monodon determined here. Differences in size (age) and species may have 
accounted for differences in susceptibi l ity. Wajsbrot et al .  ( 1 990) reported a 96 h 
LC50 of 1 .43 mg UAN 1·1 for P. semisu/catus, very simi lar to the concentration 
determined here for M. macleayi . The 96 h LC50 value of 3.0 mg UAN 1- 1 for P. 
japonicus j uveni le determined by Kou and Chen ( 1 991 ) was the highest equivalent 
value recorded for an aquatic crustacean (Table 6) . The 96 h LC50 values for P. 
monodon determined here are the next highest equivalent values presented in 
Table 6 indicating that, compared with other penaeids, this species is also tolerant 
of acutely toxic concentrations of ammonia. 

Recently , Chen et al . ( 1 990) reported a 96 h LC50 for P. monodon juveni les (3.9-6.2 
g) of 0.96 mg UAN·1 , considerably lower than the value estimated here for the same 
species . Chen et al . ( 1 990) used static bioassay methods, the prawns were fed,  
and only 1 0  I of  test solution was provided in each aquaria containing 1 O prawns. 
The prawns may have been stressed and more susceptib le to ammonia poisoning 
than the ones used in the present study. 
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In a chronic bioassay for low DO, Seidman and Lawrence ( 1 985) found that whi le 
growth of P. monodon was depressed at a very low DO concentration ( 1 .2 mg 1- 1 ) ,  
neither survival nor growth were affected at a concentration of 2.2 mg 1- 1  or above. 
In the present study, a DO concentration of 2.2 mg 1- 1  together with ammonia 
concentrations ranging from 0.004 - 1 .30 mg UAN 1-1 (Table 3) had no significant 
effect on survival of P. monodon. However ,  at higher ammonia concentrations 
(1 .60 - 1 .63 mg UAN 1- 1 )  mortality was much greater (90 %) at a DO concentration 
at 2.3 mg 1- 1 than at a DO concentration of 5.7 mg 1-1 (33.3 %) . This demonstrates 
that low DO increases acute ammonia toxicity. In experiment 3 the 96 h LC50 at low 
DO concentrations (2.2 - 2.3 mg 1- 1 )  lay in the range 1 .30 - 1 .63 mg UAN 1- 1 , 
compared with the 96 h LC50, estimated in wel l oxygenated water (Experiment 2) , of 
1 .69 mg UAN 1-1 (95 % confidence l imits : 1 .56, 1 .84 mg UAN 1- 1 ) . This indicates 
that the low DO caused a reduction in the acutely lethal concentrations of ammonia 
to P. monodon of up to 0.5 mg UAN 1- 1 •  For this comparison to be valid the two 
data sets (Experiments 2 and 3) must be comparable. To confirm this  assumption, 
the mortal ity data (33.3 %) for Treatment 6 (h igh DO; 1 .60 mg UAN 1- 1 ) in 
Experiment 3 (Table 3) was used in the probit regression equation generated from 
the acute bioassay in oxygenated water (Experiment 2) . The ammonia 
concentration which was predicted to give this mortal ity after 96 h was 1 .61  mg 
UAN 1- 1 (95 % confidence l imits 1 .47, 1 .76 mg UAN 1-1 ) .  This compares very wel l  
with the actual ammonia concentration used for Treatment 6 in Experiment 3 ( 1 .60 
mg UAN 1- 1 ) (Table 3) . Recently, Wajsbrot et al . ( 1 990) also found ammonia toxicity 
to P. semisu/catus increased when DO was reduced to concentrations below 55 % 
saturation .  At 27 % saturation , the ammonia toxicity (96 h LC50} was doubled 
(Wajsbrot et al . ,  1 990) . 

Toxicity studies of water quality variables to aquaculture species usually indicate 
"safe" concentrations for routine farm management. Here EC5 values, calculated 
from 3 week experiments, were used to indicate the maximum acceptable 
concentrations. For M. macleayi and P. monodon these were 0.35 and 0.21 mg 
UAN 1- 1 , respectively. In the only other publ ished study on the effects of ammonia 
on penaeid growth, the average of the EC

1 
and EC2 values (those concentrations 

which reduced growth by 1 and 2 %) was used as an estimate of the "maximum 
acceptable" concentration (Wickins, 1 976) . Six mixed species were used and the 
concentration reported was 0. 1 0  mg UAN 1- 1 (Wickins, 1 976) . If the same technique 
is appl ied here the "maximum acceptable" concentration for M. mac/eayi and P. 
monodon would be 0.30 and 0. 1 7  mg UAN 1 - 1  respectively, higher than Wickins' 
value and indicating that M. mac/eayi and P. monodon are also tolerant of sub
lethal concentrations of ammonia. 

Several other authors have reported 'safe ' concentrations which have been based 
on the multipl ication of experimentally determined LC50 values by an 'application 
factor' (Del istraty 1 977, Jayasankar & Muthu ,  1 983; Chin & Chen, 1 987) . At best 
this technique can only be described as providing a tentative estimate as it relies 
upon an arbitrarily determined factor, usual ly 0. 1 (Sprague, 1 971 ) .  If an application 
factor of 0. 1 and the 96 h LC50 determined for P. monodon during the present 
study are used, the estimated 'safe' concentration (0. 1 7 mg UAN 1· 1 ) is in close 
agreement to the EC5 determined experimentally (0.21 mg UAN 1· 1 :  95 % 
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confidence l imits = 0. 1 3-0.25 mg UAN 1- 1 ) . For M. macleayi, however, the 'safe' 
concentration estimated using the application factor (0. 1 4 mg UAN 1· 1 ) is 
considerably lower than that determined experimentally (0.35 mg UAN 1- 1 : 95 % 
confidence l imits = 0.25-0.56 mg UAN 1· 1 ) . 

The higher EC5 value estimated for M. mac/eayi compared with P. monodon was 
anomalous, considering that the 96 h LC50 for M. mac/eayi was lower ( 1 .39 mg 
UAN 1- 1 )  than that for P. monodon ( 1 .69 mg UAN 1- 1 ) .  The two species may differ in 
their relative susceptibi l ity to acute and chronic ammonia poisoning. However, it 
should be noted that during the chronic bioassay with P. monodon, prolonged dry 
weather resulted in elevated sal in ities (36.0 %0) which were above the optimum for 
osmoregulation (Cawthorne et al . ,  1 983) and this may have affected their 
susceptibi l ity to chronic ammonia poisoning. Increased sal in ities have been shown 
to reduce ammonia excretion rates (Spaargaren et al . ,  1 982; Claybrook, 1 983) . In 
contrast sal in ities during the chronic bioassay with M. mac/eayi were lower (31 .5  
%0) and close to their optimum for osmoregulation (Maguire and Allan , unpubl ished 
data, 1 989) . 

The concentration of ammonia in prawn ponds or tanks should not be allowed to 
rise above "maximum acceptable" concentrations (EC5) and should certainly not be 
allowed to approach lethal concentrations (96 h LC50) . Total ammonia 
concentrations in  excess of the LC50 values determined here have been recorded 
during intensive culture of Penaeus penicillatus (Chen et al . ,  1 988} , however, 
species tolerances do differ. Temperature, sal in ity, dissolved oxygen and pH 
should also be monitored as unfavourable levels may synerg istically affect 
ammonia toxicity. 
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TABLE 1 

Mortal ity of Metapenaeus macleayi exposed to a range of ammonia concentrations 

(Experiment 1 )  1 • 

Ammonia (mg N 1- 1 )2.3 Mortal ity (%) 

Total Un-ionised 48 h 

0.06± 0.01 0.003± 0.0003 3.3± 3.3 

25.0± 0.3 1 .33±0.02 1 6.7± 1 2.0 

31 .0± 0.7 1 .60± 0.06 43.3± 1 6.7 

41 .2± 1 .2 2. 1 9± 0.06 86.7±6.6 

49.6±2.4 2.64±0. 1 3  1 00  

66.4± 1 .7 3.54± 0.09 1 00 

Values are means± S.E. (n =3) for each treatment. 

2 Mean of the average values (based on daily measurements) 

for each replicate aquarium. 

96 h 

1 0.0± 1 0.0 

33.3± 1 4.5 

90.0± 5.8 

96.7± 3.3 

1 00.0 

1 00.0 

3 Average water temperature, pH and sal in ity values for all treatments were 

25. 1 °C, 8 .0 ± 0. 1 and 34.5 %0 in that order. 
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TABLE 2 

Mortal ity of Penaeus monodon exposed to a range of ammonia concentrations 

(Experiment 2) 1 • 

Ammonia (mg N 1- 1 )2.3 Mortal ity (%) 

Total Un-ionised 48 h 

0.04± 0.003 0.002± 0.0003 0 

1 0.5± 0.3 0.48± 0.01 0 

21 .2± 0.7 0.96± 0.02 0 

31 .0±0.4 1 .42± 0.05 0 

4 1 . 1 ± 1 . 1 1 .85± 0.03 1 0.0± 5.8 

5 1 .0±2.4 2.27± 0.05 43.3± 8.8 

Values are means± S. E. (n =3) for each treatment. 

2 Mean of the average values (based on daily measurements) 

for each replicate aquarium. 

96 h 

0 

0 

0 

3.3± 3.3 

86.7± 3.3 

96.7± 3.3 

3 Average water temperature, pH and sal in ity values for all treatments were 

26.0  °C,  0. 1 ± 8.0 and 34.0 %0 in that order. 
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TABLE 3 

Mortal ity of Penaeus monodon at different ammonia and dissolved oxygen 

concentrations (Experiment 3) 1 •  

Treat 

-ment 

Ammonia (mg N 1- 1 )2.3 

Total Un-ion ised 

Dissolved2 

oxygen (mg 1- 1 )  

Morta1 ity3.4 

(%) 

96 h 

Not aerated 

1 0. 1 ± 0.01 0.004± 0.0004 2_2± 0.09 6.7± 6.7ab 

2 1 2.6± 0.2 0.53± 0.04 2.2± 0.09 oa 

3 1 9.9± 0.3 0.95± 0.01 2.2± 0.03 3.3±3.3ab 

4 27.0± 0.4 1 .30± 0.02 2.2± 0_06 1 o.o± 1 o.oab 

5 33.9±0.5 1 _63± 0.03 2.3±0.03 90.0± 5.ac 

Aerated 

6 

2 

3 

4 

33.5± 0.5 1 .60± 0.03 5.7± 0.01 

Values are means± S.E. (n =3) for each treatment. 

Mean of the average values (based on daily measurements) 

for each replicate aquarium. 

33.3±5.Bb 

Average water temperature , pH and sal inity values for all treatments were 

26.0 ± 0.2 °C, 8.0 ± 0. 1 and 31 .0 %0 in that order. 

Means, with in a column, sharing a common superscript are not significantly 

different (P > 0.05) . Data were transformed (arcsine [x0·5] )  prior to statistical 

analysis. 
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TABLE 4 

Effects of ammonia on weight gain, survival and food conversion ratios (FCR) for 

Metapenaeus mac/eayi over 21  day (Experiment 4) 1 • 

Ammonia (mg N 1· 1 )2.3 

Total Un-ionised 

0.3± 0.01 0.01 ± 0.0 

2.2± 0.04 0. 1 0± 0.003 

6.2± 0. 1 0.27± 0.003 

1 3.6± 0. 1 0 .64 ± 0.09 

1 8.5± 0.2 0.89± 0.01 

24.2± 0.6 1 .20± 0.04 

Wt. gain4 

(g prawn-1 )  

1 .5± 0. 1 a  

1 .6± 0.2a 

1 .6± 0.� 

1 .3± 0.? 

0.6± 0.2> 

0.5± 0. 1 b 

Values are means± S. E. (n =3) for each treatment. 

Survival4 

(%) 

1 ooa 

1 ooa 

1 ooa 

90.0± 0.6a 

73.3± 1 .?b 

50.0± 1 .2b 

2 Mean of the average values (based on daily measurements) 

for each repl icate aquarium. 

FCR4·5 

2.4± 0.26a 

2.2± 0.57a 

2. 1 ± 0.20a 

2.8± 0.7? 

* 

* 

3 Average water temperature, pH and sal inity values for al l treatments were 

4 

5 

* 

25.0 ± 0.2 °C ,  8.0 ± 0. 1 and 31 .5 %0 in that order. 

Means, within a column,  sharing a common superscript are not significantly 

different (P >0.05) . 

Data were transformed (log x) prior to statistical analysis. 

Excessive mortal ity ( > 80 %) for rel iable FCR estimation .  
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TABLE 5 

Effects of ammonia on weight gain ,  survival and food conversion ratios for 

Penaeus monodon over 21 day (Experiment 5) 1 •  

Ammonia (mg N 1 · 1 )2.3 

Total Un-ionised 

0.30±0.03 0.02± 0.006 

2. 1 ± 0.04 0. 1 0± 0.01  

9.8± 0.3 0.45± 0.02 

1 7 . 1  :::: 0.2 0 .78± 0.01  

24.9± 0. 1 1 .08± 0.02 

32.9± 1 .0 1 .60± 0.07 

Wt.gain4 Survival4 

(g prawn-1 )  (%) 

3.8± 0.26a 90.0± 1 .ooa 

3.8± 0.27a 1 ooa 

2.9± 0. 1 8a 96.7± 0.33a 

1 .4± 0.20b 1 ooa 

0.4± 0.Q6c 46.7± 0.88b 

oc 

Values are means± S.E.  (n =3) for each treatment. 

2 Mean of the average values (based on daily measurements) 

for each replicate aquarium. 

FCR4•5 

1 .6± 0. 1 7a 

1 .4± 0.06a 

1 .7± 0.07a 

2.6± 0.29b 

* 

* 

3 Average water temperature, pH and salin ity values for all treatments were 

4 

5 

* 

26.9 ± 0. 1 °C, 8.0 ± 0. 1 and 36.0 %0 in that order. 

Means, with in a column, sharing a common superscript are not significantly 

different (P > 0.05) . 

Data were transformed (log x) prior to statistical analysis. 

Excessive mortal ity (> 80 %) for rel iable FCR estimation. 
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TABLE 6 

Com parison of acute am mon ia toxicity to aq uatic crustaceans. 

Species Stage LC50 Un-ion ised am m onia 
(hrs) (mg N H3-N 1-1) 

Homarus 1 4th stage I ncip ient* 1 . 40 
americanus larvae 
Macrobrachium 2 larvae 3-8d 1 44 0.26a 
rosenbergii post- a. sob 

hatch 1 . 35° 
Penaeid p rawns 3 juveniles 48 1 .29 
(Data for seven (0. 5 - 1 . 5g) 
species p ooled) 
Penaeus 4 naupl i i  24 0.29 
indicus protozoeae 24 0.95 

mysis 24 3. 1 7  
protozoeae 48 1 . 1 8  
naupl i i-
postlarvae I ncip ient* 0.93 

P. monodon 5 naupl i i  24 0. 54 
p rotozoeae 24 0. 76 
mysis 24 2. 1 7  
mysis 48 1 . 30 
postlarvae 24 4. 70 
postlarvae 48 2. 50 
postlarvae 96 1 . 04 

P. monodon 6 juveniles 96 0. 96 
(3. 9 - 6.2 g) 1 44 0.77 

P. monodon 7 juveniles 48 2. 33 
(0. 8-4. 5 g) 96 1 . 69 

P. semisu/catus 8 juveniles 96 1 . 43 
(0. 4 - 2. 4 g) 

P. japonicus 9 juveniles 96 3. 0 
(0. 025 g) 

Metapenaeus 7 juveniles 48 1 . 66 
mac/eayi (0. 9-4. 8 g) 96 1 . 39 

Delistraty et al. ( 1 977) ; 
2 Arm strong et al. (1 978) a p H  = 6. 83, b = 7. 60, 0 p H =  8. 34; 
3 Wick ins ( 1 976) ; 
4 Jayasan kar and Muthu ( 1 983) ; 
5 Chin and Chen ( 1 987) ; 
6 Chen et al. ( 1 990) ; 
7 Present study; 
8 Wajsbrot et al. (1 990) ; 
9 Kou and Chen ( 1 991 ) .  

I n cip ient LC50 - lethal concentration for 50% of individ uals on long exposure. 
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Fig ure 1 

39 

Effects of ammonia on growth of Metapenaeus mac/eayi over 21 day 
( Experiment 4) . 
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Fig ure 2 

4 1  

Effects of am monia o n  g rowth of Penaeus monodon over 2 1  day 
( Experim ent 5) . 
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2.4 Lethal concentrations of low dissolved oxygen and effects of short term 
oxygen stress on subsequent growth of juvenile Penaeus monodon 

ABSTRACT 

Allan , G.  L. and Maguire ,  G. B. ,  1 991 . Lethal concentrations of low dissolved 
oxygen and effects of short term oxygen stress on subsequent growth of juveni le 
Penaeus monodon. Aquaculture, 94: 27-37. 

The lethal concentration (96 h LC50) of dissolved oxygen (DO) for juveni le Penaeus 
monodon was estimated to be 0.9 mg 02 1 - 1  (95% confidence l imits : 0.8 ,  1 .0 mg 02 
1 - 1 ) .  Other repl icate groups of P. monodon were subjected to short-term, severe 
DO stress and then grown under conditions approaching DO saturation .  The aim 
was to simulate the type of event which can occur in ponds when emergency 
aeration successful ly raises DO after an oxygen crisis. Neither the duration ( 4, 8 or 
1 2  h) , nor the concentration (0.5 - 0.6 or 1 .0 - 1 . 1 mg 02 1- 1 )  of the DO stress 
s ign ificantly (P > 0.05) reduced subsequent growth or food conversion efficiency at 
favourable DO concentrations over 21 days. Prawn pond managers should not 
need to reduce feeding levels or consider premature harvest after a single, short
term DO crisis when mass mortal ity is avoided. This is provided that other water 
qual ity variables do not reach critical levels during the crisis. 

I NTRODUCTION 

Low dissolved oxygen (DO) concentrations are the major l imiting water quality 
variable in intensive aquaculture (Boyd and Watten ,  1 989) . Critical ly low DO 
concentrations occur in ponds, particularly fol lowing die-off and subsequent 
decomposition of algal blooms, (Chang and Ouyang,  1 988) , and can cause stress 
or even mortal ity of prawns in ponds (Shigueno, 1 975; Wickins, 1 976a; Madenj ian 
et al . ,  1 987) . Emergency aeration can often prevent mortal ity (Boyd and Watten ,  
1 989) , however, chronically low DO concentrations can reduce growth, feeding and 
moult ing frequency (Seidman and Lawrence, 1 985; Clark, 1 986; Chang and 
Ouyang ,  1 988) . Lethal concentrations in the range 0.2 - 1 .0 mg 02 1-1 have been 
reported for a number of species of penaeids including Penaeus japonicus (Egusa, 
1 961 ) , P. japonicus and P. kerathurus (T ournier, 1 972) , P. schmitti (MacKay, 1 97 4) 
and P. monodon (Liao and Huang, 1 975) . In all these studies lethal concentrations 
were estimated fol lowing progressive reduction of DO until mortality occurred. No 
studies were found which determined lethal DO concentrations for penaeids using 
toxicological methodology, although Morrissy et al .  ( 1 984) estimated a 24 h LC50 for 
the freshwater crayfish Cherax tenuimanus as 7.25% of oxygen saturation,  or 
approximately 0.7 mg 02 1· 1 at 20°C. 

The effects of sub-lethal concentrations of DO have been documented by several 
authors. The incipient l imiting concentration (that concentration which separates 
respiratory independence from respiratory dependence) was estimated as being 
close to the air saturation value for P. japonicus (Egusa, 1 961 ) and between 4.0 
and 4.3mg 1- 1 for P. monodon (Liao and Murai , 1 986) . However, Seidman and 
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Lawrence ( 1 985) found that growth of P. vannamei or P. monodon was not affected 
at constant average DO concentrations of 1 .9 - 4.0 mg 02 1· 1  but was significantly 
reduced at 1 .2 mg 02 1 · 1 • Aquacop et al . { 1 988) reported that growth, survival and 
moulting frequency were significantly depressed when P. vannamei and P. 
stylirostris were maintained at a diurnally fluctuating DO regime {6 : 1 8  h ;  1 .5 mg 02 
1· 1 and saturation) . Clark { 1 986) found that mortal ity occurred and moult ing was 
inh ibited when P. semisu/catus were kept at a DO concentration of 2 mg 02 1 · 1  for 
1 7  days. Mortality ceased and moulting frequency returned to normal when DO 
was elevated to 5 mg 02 1· 1 •  

N o  reports were found which assessed the effects of short-term, severe, low DO 
concentrations on subsequent growth and feeding at favourable DO concentrations 
for prawns or for any aquatic organism. Such a DO regime might occur when 
emergency aeration successful ly raises and maintains DO concentrations after an 
oxygen crisis (Boyd and Watten ,  1 989} . An understanding of these longer-term 
effects has important ramifications for pond management, particularly for planning 
feeding and harvesting strategies. 

The objectives of th is study were firstly to determine the lethal concentration of low 
DO for juveni le P. monodon using toxicological methodology and ,  secondly, to 
investigate the effects of a short-term, severe low DO stress on subsequent growth 
and food conversion efficiency .  

METHODS 

Juveni le prawns were purchased from prawn farms (Goodwood Island ,  NSW) and 
were acclimatised in the experimental aquaria for at least a week before 
experiments commenced. Prawns were fed commercially available ,  Taiwanese, 
prawn grower pel lets (46.7 % crude protein [N x 6.25] , dry basis) . 

DO concentrations in seawater were adjusted using nitrogen gas and an apparatus 
s imilar to that described by Seidman and Lawrence ( 1 985) . Six 1 .8 m long by 300 
mm diameter PVC columns were used as "degassing chambers" and were 
suppl ied with a constant flow of seawater which had been fi ltered through a sand 
filter and 5 µm and 1 µm cartridge fi lters. Nitrogen gas was supplied through air
stone d iffusers at different metered rates to each degassing chamber. Seawater, 
with reduced DO concentrations, was gravity fed from each chamber to three 
randomly assigned 70 I acrylic aquaria, each containing ten prawns. To prevent 
prawns coming in contact with the air-water interface, and to reduce the 
opportunity for partial re-oxygenation of seawater, a layer of "bubble" packaging 
plastic was placed on top of the water in each aquarium. Care was taken not to 
trap any air beneath the flat surface of the plastic. These covers were used 
throughout the first experiment and during the period of oxygen stress in the 
second experiment. 

No sediment was provided for the prawns and water temperatures were maintained 
at 27. 1  + 1 . 1 °C ,  within  the optimum range for this species (G. Maguire and G. 
Al lan , unpublished data, 1 988) . Sal in ity ranged from 32 - 35 %0 and a 1 2: 1 2  h 
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photoperiod was maintained. 

Water quality analyses 

Throughout the first experiment, DO concentrations were measured in each 
aquarium every 4 h and in the second experiment every 2 h during the period of 
oxygen stress and at regular intervals thereafter. A Yeo-Kai polargraphic 
DO/temperature meter (Yeo-Kai Electronics ,  Brookvale, NSW, 21 00 Australia) was 
used and was cal ibrated before each set of measurements using "air-saturated" 
seawater and daily using the Winkler method (APHA, 1 971 ) .  Temperature was 
measured daily and salinity occasional ly using a Yeo-Kai temperature/sal inity 
conductivity meter. Regular measurements of pH were made, using an Orion 
pH/MV meter (Orion Research Inc. Cambridge, MA. , 021 39 USA} with a Ross 
combination electrode, and ammonia and nitrite were measured using the methods 
described by Dai Pont et al . ( 1 973) and Major et al .  ( 1 972) respectively. 

The seawater used in both experiments was essentially oceanic  as described by 
Al lan et al . ( 1 990) . Nitrite and ammonia concentrations did not exceed 20 µg N02-
N 1- 1 and 405 µg total ammonia-N 1- 1 respectively in either experiment. These 
concentrations were below those which reduced growth of penaeids (Wickins, 
1 976b ; Allan et al . ,  1 990) . Sal inity and pH ranges were 30 - 34 %0 and 7.9 - 8. 1 
respectively_ 

Experiment 1 

For the acute bioassay, six treatments were established ; one control in  which 
seawater was vigorously aerated to saturation before being suppl ied to 
experimental aquaria and five others with nearly constant average DO 
concentrations of 2. 1 , 1 .6, 1 .0, 0 .6  and 0.3 mg 02 1 - 1 (Table 1 ) .  The flow-rate of 
seawater from the degassing chambers to each aquarium was 269 m l  m in- 1 which 
replaced more than 90% of seawater in less than 1 0  h as recommended by 
Sprague ( 1 969) . 

DO reached desired concentrations within 8 h after n itrogen gas was first 
introduced into degassing columns. For the purpose of calculating LC50's the 
bioassay was considered to have commenced 8 h after nitrogen gas was first 
introduced. The average individual in itial wet weight of prawns was 4.2 g (range 
2.0 - 8.3 g) and animals which had recently moulted were not used.  Prawns were 
not sexed, as gender did not significantly affect lethal DO concentrations for P. 
aztecus (Kramer, 1 975) . No aeration was provided and prawns were not fed.  
Absence of response to touching with a glass rod was the criterion of death , and 
all dead prawns were removed. Fol lowing APHA (1 971 ) and Sprague ( 1 969) the 
b ioassay was run for 96 h .  Longer periods were not considered appropriate due 
to stress and cannibalism. The numbers of moribund prawns and exuviae were 
recorded after 0.5, 1 , 2 and 4h and at four hourly intervals thereafter. 
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Experiment 2 

This experiment assessed the effects of short-term DO stress on subsequent 
growth. Prawns (average individual initial wet weight 2.6 g ,  range 1 .  7 - 3. 7 g) were 
individually weighed and tagged by injecting a marker of petroleum je l ly 
impregnated with fluorescent dye, "saturn yellow", into the musculature on one side 
of an abdominal segment (Kl ima, 1 965) . Prawns were not sexed as j uveni le male 
and female P. monodon grow at similar rates in this size range (Motoh ,  1 98 1 ) . For 
the first treatment (control) seawater was vigorously aerated before being suppl ied 
to experimental aquaria and DO concentrations were maintained > 6 .0 mg 02 1- 1 •  
The s ix other treatments were combinations (2 x 3 factorial) of two ranges of low 
DO (0.5 - 0.6 or 1 .0 - 1 . 1 mg 02 1- 1 )  and three time periods (4, 8 or 1 2  h) . 

The flow-rate to each aquarium was 245 ml min- 1 •  The stress period was 
considered to have commenced 1 0  h after nitrogen gas was first introduced into 
the degassing columns as the desired concentrations of DO were all achieved 
with in this time.  After prawns had been stressed for the appropriate period , 
nitrogen gas was turned off, degassing columns were vigorously aerated and 
plastic covers on the water surface in each aquarium were removed. DO 
concentrations in al l  aquaria had recovered to above 4.0 mg 02 1- 1 with in 4 h .  Two 
hours later each aquarium was gently aerated using two air-stone  diffusers and DO 
concentrations were maintained > 6.0 mg 02 1- 1 for the remainder of the 
experiment. Prawns were first fed 1 2  h after the end of the longest DO stress ( 1 2  
h) and thereafter twice dai ly on an ad libitum basis. Following the DO stress,  this 
bioassay was run for 21 days then prawns were individual ly weighed and an 
average individual prawn weight gain for each aquarium calculated. Food 
conversion ratio (FCR) was calculated by dividing the total weight of pel lets eaten 
by the prawns (g dry weight) by the total prawn biomass increase (g wet weight) 
for each aquarium .  In aquaria where mortal ity occurred, the in itial weights of the 
prawns which died were not considered in growth or FCR calculations. 

Statistical analyses 

LC50 values were calculated using probit analysis (Busvine,  1 957) and a computer 
package developed by Mr. A. Woods (University of NSW, Sydney, NSW, Austral ia) . 
Homogeneity of variance was assessed using Cochran 's test (Winer, 1 971 ) ,  
treatment effects using s ingle-factor ANOVA, and differences between means using 
Tukey's 1 1honestly significant d ifferences" technique (Sokal and Rohlf, 1 981 ) . A 
l ikel ihood ratio test was used to examine differences in survival at al l combinations 
of DO and time (Sokal and Rohlf, 1 981 ) .  

RESULTS 

In both experiments the in itial behavioural response of the prawns to reduced DO 
concentrations included increased activity and attempts to surface. However, as 
DO decl ined further this activity ceased and by the time desired DO concentrations 
(2. 1 , 1 .6, 1 .0, 0.6 and 0.3 mg 02 1- 1 ) were reached prawns were very sti l l  and there 
was no apparent interaction between individuals. Simi lar behavioural responses to 
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a gradual reduction in DO were reported for Crangon vulgaris (Huddart and Arthur, 
1 971 ) .  

Experiment 1 

No prawns died in  the control aquaria and only one died in each of the treatments 
where DO was maintained at 2. 1 and 1 .6 mg 02 1 - 1  for 96 h. At lower DO 
concentrations { 1 . 0  and 0.6 mg 02 1- 1 )  higher mortality rates were recorded (26.7 
and 96.7 % after 96 h respectively) {Table 1 ) . At 0.3 mg 02 1- 1 al l prawns died 
with in 1 2  h. The LC50 values ranged from 0.5 mg 02 1- 1 after 1 6  h to 0.9 mg 02 1-1 
after 96 h (Fig . 1 ) . Only 1 0  prawns moulted during the experiment, mostly in the 
treatments with h igher DO concentrations (Table 1 ) .  However, at 1 .0 mg 02 1- 1 both 
prawns which moulted died with in 4 h and at 1 .6 and 2. 1 mg 02 1- 1 the only prawns 
which died had moulted in the past 4 h. 

Experiment 2 

No prawns died in the control aquaria, and survival rates among the treatments at 
the end of the growth trial ranged from a mean of 76. 7 % in the treatment exposed 
to 0.5 mg 02 1-1 for 1 2  h to 1 00 % in the treatment exposed to 0.6 mg 02 1- 1 for 4 h 
(Table 2) . However,  the effects of DO stress on survival were not s ignificant 
(x2=2.3,  d .f. = 5, P > 0.05} . Neither was the interaction between time and DO 
concentration (x2=0.47, d.f. =2, P >0.05) . The severe DO stress had no significant 
effect (P >0.05) on prawn weight gain or on FCR when favourable conditions were 
maintained for 21 days (Table 2) . 

DISCUSSION 

Even though different methodology has been used, the results of Experiment 1 are 
in agreement with other studies which reported lethal DO concentrations for a 
number of penaeids of between 0.5 and 1 .0 mg 02 1 - 1  (Egusa, 1 961 ; Tournier, 1 972; 
MacKay, 1 974; Kramer, 1 975) . However, for P. monodon, Liao and Huang { 1 975) 
estimated lethal concentrations of between 0.2 and 0.3 mg 02 1-1 at a salinity of 30 
%0, considerably lower than the 96 h LC50 of 0.9 mg 02 1- 1 estimated here. Indeed 
all prawns exposed to a DO of 0.3 mg 02 1 - 1 in the present study were dead within 
1 2  h .  The prawns used by Liao and Huang (1 975) were smaller (maximum 1 .5 g) 
and may have been more tolerant. Oxygen consumption in crustaceans is size 
dependent (Bridges and Brand ,  1 980; Dal l ,  1 986) and Kramer ( 1 975) reported 
significantly lower lethal DO concentrations for P. aztecus juveniles ( 1 .37 g) 
compared with sub-adult prawns (6. 1 2  g) at 2.5 and 36 %0 and an oxygen 
reduction rate of 2.6 mg 02 1- 1  h- 1 • Prawns may also have had more opportunity to 
accl imate to reduced DO concentrations in the Liao and Huang ( 1 975) study. 
Shepard (1 955) found resistance times for fish at given lethal concentrations 
increased by as much as five times fol lowing accl imation. 

The 24 h LC50 estimated here (0.6 mg 02 1- 1 , 95% confidence l imits 0.5, 0.7 mg 02 1-
1 [F ig. 1 ] ) was also simi lar to the 24 h LC50 estimated by Morrissy et al .  ( 1 984) for 
the freshwater crayfish Cherax tenuimanus (0.7 mg 02 1-1 ) .  
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Although few prawns moulted during Experiment 1 , prawns which did moult 
appeared to be more susceptible to reduced DO. Dal l  ( 1 986) found that oxygen 
consumption of P. esculentus increased by 55% three days prior to ecdysis, 
returning to normal one day after. A similar response during moulting was 
reported for the lobster Homarus americanus (Penkoff and Thurberg, 1 982) . No 
reports of increased toxicity of DO to penaeids during ecdysis were found, 
although ,  the close association between increased mortal ity and ecdysis and 
another water qual ity variable ,  pH, has been recorded for other crustaceans 
(Zimmer and Storr, 1 983; Zimmer, 1 987) . 

Ideally, acute toxicity tests should continue for extended periods to enable the 
concentration at which acute toxicity stops increasing with time,  i .e . ,  the incipient 
lethal concentration or the lethal threshold concentration (Sprague, 1 969) , to be 
determined. The present bioassay was only run for 96 h because of previously 
observed problems with cannibalism and mortal ity, exacerbated by starvation, 
when animals were held for longer than 96 h (Al lan and Maguire, unpublished data, 
1 988) . However, the apparent plateau of LC50 values after 72 h indicates that a 
threshold concentration was reached within the period of this study. 

The concentrations of DO used in Experiment 2 for the short-term severe stress 
(0.5 - 0.6 and 1 .0 - 1 . 1 mg 02 1· 1 )  were chosen to be sufficiently low to cause mass 
mortal ity if maintained for extended periods. Concentrations below and just above 
the 96 h LC50 were used . In a pond the duration of any DO crisis wi l l  depend upon 
the time taken to detect and effectively respond to the problem, eg, through 
emergency aeration and water exchange. Short-term (2-6 h) declines in DO have 
been recorded in experimental fish ponds (Rapport et al . ,  1 976) and in model 
prawn farming ponds (Allan et al . ,  unpublished data, 1 990) . Boyd and Tucker 
( 1 979) found that a paddle wheel aerator was capable of elevating the DO 
concentration from 0.05 to 4.90 mg 02 1· 1 within 4 h at some stations in a 0.57 ha 
pond. Boyd and Watten ( 1 989) provided standard aeration efficiency rates for 
"Taiwanese style1 1 paddle wheel aerators (the type most commonly used in 
Australia) and procedures for calculating DO increases. Using these, it was 
estimated that four (0.75 kW) aerators in a 1 ha pond (25 °C, 25 %0) could raise 
DO concentrations from 0.5 mg 02 1· 1 to 3.0 mg 02 1· 1 in about 9 h. Thus the time 
periods for DO stress in the present study were simi lar to those that may occur in 
commercial ponds. 

The results of this study indicate that P. monodon are very resi l ient in response to 
a short-term DO stress . However, in ponds other water qual ity variables may 
change during a DO crisis. Notably, an increase in ammonia concentration and a 
decrease in pH,  often accompany rapid DO declines (Boyd, 1 982) . Al lan et al . 
( 1 990) found that a low DO (2. 1 mg 02 1· 1 ) significantly increased the toxicity of 
ammonia to P. monodon and Wajsbrot et al . ( 1 990) found that at 27 % dissolved 
oxygen saturation ,  the 96 h LC50 of ammonia for P. semisu/catus was doubled. 
The effect of any increase in ammonia may however accompany a decline in DO 
be mitigated by the accompanying decrease in pH which reduces the proportion of 
ammonia in the highly toxic un-ionised form. At the same total ammonia 
concentration (250 mg ammonia-N 1- 1 ) ,  Chen and Chin, ( 1 989) found that the LT50 
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of ammonia to P. monodon postlarvae increased from 25 min to 1 46 min when pH 
was reduced from 8.3 to 7.6. 

Ideally, conclusions reached from aquarium studies should be validated against 
observations from pond studies. In another study, in  1 0  m2 model ponds, one 
group of P. monodon grew at s imi lar rates as unstressed groups despite being 
exposed to a single ,  low DO stress (morning DO of 0.9 mg 02 1- 1 )  for � 1 2  h .  A 
rapid improvement in DO was then effected through aeration and water exchange. 
This indicated that the results from Experiment 2 could be extrapolated to ponds 
and should assist with the planning of pond management strategies. 

Providing other water quality variables do not reach critical concentrations , 
premature harvesting , fol lowing a DO crisis where mass mortal ity has been avoided 
and DO concentrations have been quickly returned to normal, should not be 
necessary. Feeding should also be maintained at pre-crisis rates. However, this 
does not mean that morning DO concentrations can be al lowed to regularly fal l  to 
stressful concentrations within any one pond. The results summarised by Aquacop 
et al . ( 1 988) indicate that such a situation would resu lt in depressed growth of 
penaeids. 
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TABLE 1 

Dissolved oxygen levels, mortal ity over 48 and 96 h and moulting frequency of 

Penaeus monodon1 . I 
I 

DO (mg 1· 1 )  Mortal ity (%) Exuviae2 

48h 96h 

mean range mean SE mean SE (Total No.) I 
5.6 5 .2 - 5.80 0 0 0 0 3 I 
2. 1 1 .9 - 2.3 0 0 3.3 3.3 3 

I 
1 .6 1 .2 - 1 . 7 0 0 3.3 3.3 2 

1 .0 0.9 - 1 .2 1 6.7 8 .8 26.7 8 .8 2 I 

0.6 0.5 - 0 .7 66.7 6.7 96.7 3 .3 0 I 
0.3 0.3 - 0.3 1 00 0 1 00 0 0 

I 

Mean and standard error (SE) based on n =3 repl icate aquaria. 
I 

2 Total numbers per treatment after 96 h .  

I 

I 



5 3  

TABLE 2 

Periods of exposure at low dissolved oxygen (DO) levels and survival ,  growth and 

food conversion efficiency for Penaeus monodon held in wel l  oxygenated 

conditions for 21 days after low DO stress 1 • 

Period of 
Stress (h) 

Survival2 
(%) 

Wt Gain3 
(g prawn- 1 ) 

FCR3 

mean range mean SE mean SE mean SE 

6. 1 

1 .0 

. . I . : 

1 . 1 

0.6 

0.6 

0.5 

2 

3 

6.0-6.3 0 1 00 0 3.3 0. 1 1 .5 0.02 

0.8- 1 .4 4 96 .7 3.3 2.8 0.2 1 .5 0. 1 

0.9- 1 .3  8 96.7  3.3 3.0 0.2 1 . 6 0 . 1 

0.9- 1 .3  1 2  90.0  5 .8  2.9 0.2 1 .4 0.2 

0 .5-0.8 4 1 00 0 2.8 0.2 1 .6 0. 1 

0 .5-0.8 8 90 5.8 3.3 0.3 1 .5 0. 1 

0 .5-0.7 1 2  76.7 6 .7 3.5 0. 1 1 .3 0. 1 

Mean and standard error (SE) based on n =3 repl icate aquaria. 

The effects of DO stress on survival were not significant (x2 =2.3, d.f. =5, 

P > 0.05) . 

ANOVA revealed no sign ificant treatment effect for this variable (P >0.05) . 



Figure 1 
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LC50 (dot) and 95% confidence l imits (bar) at 8 hourly 

i ntervals from 1 6-96 h for Penaeus monodon exposed to 

low dissolved oxygen concentration.  
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2.5 Effects of pH and salinity on survival, growth and osmoregulation in Penaeus 
monodon 

ABSTRACT 

Allan, G. L. and Maguire, G. B. Effects of pH and sal in ity on survival ,  growth and 
osmoregulation in Penaeus monodon. 

Critical levels of low pH for j uveni le Penaeus monodon (4.2-5.5g average weight) , 
were determined using static bioassays with seawater acidified using hydrochloric 
acid (HCI) . The lethal pH (96 h LC50) was 3.7 (95 % confidence l imits ; 3.4 and 4 . 1 ) 
at a sal inity of 32 %0 . The "minimum acceptable" pH ,  defined as that pH which 
reduced growth by 5 % over 23 days, was estimated as 5.9 at a sal in ity of 30 %0 . 
In comparison to a pH of 7.8, long-term (23 days) exposure to low pH (4.9) at 30 
%0 sal inity also significantly decreased dry matter content of the prawns (P< 0.001 ) 
and increased moulting frequency (P < 0.05) . For prawns held at different pH (5.5 
or 7.8) and sal in ity ( 1 5 or 30 %0) combinations, growth was reduced by low pH 
(P < 0.001 ) but was unaffected by sal in ity (P >0.05) whi le the pH x sal in ity interaction 
was significant (P < 0.05) . In a separate factorial experiment with prawns held at 
d ifferent pH (5.6 or 7.8) and sal inity ( 1 5 or 30 %0) combinations, haemolymph 
osmoregulation was worse at high sal inity (P < 0.001 ) and low pH (P< 0.01 ) ,  
compared with low sal in ity o r  high pH and there was n o  significant interaction 
(P > 0.05) . The estimation of lethal and "minimum acceptable" low pH values should 
assist prawn farmers with the management of acid ponds. 

INTRODUCTION 

No comprehensive studies of acute or chronic toxicity of acid ified seawater to 
penaeids have been publ ished and , in general , most stud ies of that type have 
been for freshwater rather than marine animals .  A reduction in pH ensues when 
respiration exceeds photosynthesis ,  thereby affecting the C02 + H20 .... HC03- + H+ 
equi l ibrium (Boyd, 1 982) . Reduced pH also occurs in recirculation systems 
fol lowing nitrification (Wickins,  1 983) . More severe reductions can occur when 
water interacts with sediments which have a high cation exchange capacity (Boyd , 
1982) , or when acid-sulphate sediments which contain pyrite are exposed to air 
and water and the pyrite is oxidised to form sulphuric acid (Webber and Webber, 
1978; Boyd, 1 982; Simpson et al . ,  1 983; Gaviria et al . ,  1 986; Lin ,  1 986) . Direct 
release of acidic effluent and seepage from acid mine spoi ls can also lower pH 
(Boyd, 1 982; Ferguson, 1 988) , and in the northern hemisphere acid precipitation 
has led to reduced pH in freshwater environments , including aquacultural systems 
(Haines, 1 981 ; Hobe et al . ,  1 983, 1 984b ; Anon . ,  1 987) . 

Low pH can cause damage to gi l l  tissues of fish (Ferguson, 1 988) and can also 
influence the impact of potential toxins, e .g .  ammonia (Alabaster and Lloyd , 1 980, 
Colt and Armstrong,  1 981 ) and heavy metals (Boyd , 1 989) . In acid waters , 
crustaceans and fish may experience impaired ionic regulation (Morgan and 
McMahon, 1 982; Havas and Hutchinson, 1 983; Hobe et al . ,  1 983, 1 984b) . 
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Crustaceans can , however, regulate internal pH to some extent through c1-/HCQ3-
and Na+/H+ exchanges via the gi l ls (Henry et al . ,  1 981 ; Wickins ,  1 984a) . The 
dissolution of exoskeletal calcium carbonate (Defur et al . ,  1 980; Morgan and 
McMahon , 1 982; Wickins, 1 984b) and the release of ammonia and amino acids 
(Brehm and Maij ering ,  1 986) can also buffer pH changes to some extent. 

Tsai ( 1 990) considered pH values of below 4.8 or above 1 0.6  lethal to penaeids 
with an optimum range, outside of which growth and food conversion efficiency 
were reduced , of 6 .6 to 8.5. Apud et al . ( 1 985) observed that a pH of 5 or below in 
ponds caused mortal ity of penaeids whi le lethal values of low pH (96 h LC50's) for 
the crayfish Procambarus clarki and Orconectes rusticus in  acidified water were 2.5 
to 2.8 (Morgan and McMahon, 1 982) . Growth and moulting frequency of Penaeus 
occidentalis and P_ monodon were reduced and carapace d ry weight increased 
when prawns were exposed for 36 to 56 days to seawater where pH was reduced 
from 7.9 to 6.4 by the add ition of carbon dioxide (Wickins,  1 984a) . Sub-lethal low 
pH can also affect maturation and reproduction in crustaceans (Walton et al . ,  1 982; 
Zimmer, 1 987; Zimmer and Storr, 1 984) . 

In aquaculture ponds bui lt in acid-su lphate soi ls, pH reductions can be 
exacerbated dur ing periods of heavy rain ,  as acid soi ls in pond dykes erode into 
ponds (Webber and Webber, 1 978; Lin ,  1 986; Boyd , 1 989) . In such cases 
decreased sal in ity may accompany decreased pH .  No stud ies were found which 
assessed interactive effects of pH and sai in ity for penaeids although such an 
interaction might be expected as the acid-base baiance of crustaceans is d irectly 
affected by sal in ity (Truchot, 1 983) . 

The aims of this study were to estimate iethai and "min imum acceptable" pH  values, 
using acidified seawater, for P. monodon which dominates cultured prawn 
production both worldwide (Rosenberry, 1 991 ) and in Austral ia (Maguire and Al lan, 
in press) . Interactive effects of reduced salin ity and low pH on weight gain ,  
moulting frequency,  dry matter content and haemolymph osmotic pressure for this 
species were also investigated .  

M ETHODS 

Experimental animals 

Juveni le Penaeus monodon were purchased from prawn farms in the Clarence 
River region , (New South Wales, Austral ia) , and were accl imatised in experimental 
aquaria for at least a week before experiments commenced . Prawns were fed 
commercially avai lable Taiwanese prawn pel lets (46.7 % crude protein [Nx6.25] , dry 
weight basis) . Prawns were not sexed as male and female P. monodon grow at 
s imi lar rates in the s ize range used (Motoh, 1 981  ) .  Prawns which had moulted in 
the two days before stocking were not used. 
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Experimental systems 

Three repl icate, 70 I acryl ic aquaria, with ten prawns in each, were used for each 
treatment in each experiment. The seawater used in all experiments was 
essential ly oceanic  as described by Allan et al. ( 1 990) . No sediment was provided 
and an average water temperature of 26.0 °C (range 24.9-27. 1 °C) and a 1 2: 1 2  h 
photoperiod were maintained. Static bioassays were used and each day 95 % of 
water in each aquarium was drained then replaced . The pH levels in the 
replacement water were adj usted to those required using 1 0  M HCI.  For 
Experiments 2 and 3 ,  sal inity was adj usted in these reservoirs using rainwater. In 
each aquarium the low aeration rate (approximately 1 00 ml min-1 through air-stone 
diffusers) was sufficient to maintain dissolved oxygen above 5.0 mg 1- 1 • Deviations 
from desired pH levels in experimental aquaria, due in part to aeration ,  were 
compensated for by continuous additions of di lute acid from peristaltic pumps 
(approximately 1 .0 m l  min- 1 ) .  

Water quality analyses 

The pH  levels were measured in each aquarium every four hours during 
Experiment 1 , and two to three times daily during Experiments 2 and 3. A 
Metrohm,  model 605, (Metrohm Ltd . Ch 91 00 Herisaw, Switzerland) pH/mV meter, 
with a Metrohm g lass and reference electrode assembly, was used to measure pH .  
Electrodes were cal ibrated with phosphate and phthalate buffers (Chemical Rubber 
Company [CRC] , 1 971  ) . Although these are low ionic strength buffers , Whitfield et 
al. ( 1 985) found that for a single e lectrode pair, pH measurements made with these 
buffers were as precise as those made using high ionic strength buffers. Sal in ity 
and temperature were measured dai ly using a Yeo-Kai (Yeo-Kai Electronics, 
Brookvale, NSW, 2 1 00, Austral ia) Temperature/Sal inity conductivity meter cal ibrated 
with sub-standard seawater and a standard thermometer. Dissolved oxygen (DO) 
was measured with a Yeo-Kai DO/Temperature meter cal ibrated dai ly with "air
saturated1 seawater and periodical ly using the Winkler titration (American Publ ic 
Health Association [APHA] , 1 971 ) .  The concentrations of ammonia and nitrite were 
measured at the end of each experiment using methods described by Dai Pont et 
al . ( 1 973) and Major et al . ( 1 972) respectively. Alkal in ity, expressed as equivalent 
bicarbonate concentration (mg HC03 1 - 1 ) was measured using the methods 
described by APHA ( 1 971 ) .  

Experiment 1 - Acute b ioassay 

Seven treatments with d ifferent levels of pH (3.0-7.8) were established to assess 
the lethal effects of acid ified seawater (32 %0) on P. monodon. Just before the 
start of the acute bioassay, pH was adj usted in each aquarium to the level required 
with 1 M HCI. The in itial mean weight for this experiment was 4.2 g prawn-1 (range 
2.2 to 6.8 g) . Prawns were not fed during the experiment. Following APHA ( 1 971 ) 
and Sprague ( 1 969) the acute bioassay was run for 96 h .  Longer periods were not 
considered appropriate due to stress and cannibal ism. The number of dead 
prawns and exuviae were recorded after 0.5, 1 ,  2 and 4 h and at four hourly 
intervals thereafter. The absence of response to touching with a g lass rod was 
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used as the criterion of death and al l dead prawns and exuviae were removed. 
Throughout the 96 h period , pH values were with in 0.2 pH units of the desired 
levels. 

Experiment 2 - Chronic bioassay 

Prawns (average in itial weight 5.5 g prawn-1 , range 3.6-7.8 g) were individual ly 
weighed and tagged by injecting a marker of petroleum j el ly impregnated with 
fluorescent dye, "saturn yel low", into the musculature of one side of an abdominal 
segment (Kl ima, 1 965) . Eight treatments were establ ished ; six at a sal in ity of 30 
%0 with average pH values of 7.8, 7.3, 6.7, 6. 1 , 5.5 and 4.9 and two others at a 
sal in ity of 1 5  %0 with average pH values of 7.8 and 5.5. Experimental levels of pH 
and sal in ity were reduced gradual ly over three days. The experiment was then run 
for 23 days. With the exception of one day, pH values were within 0 .4 pH units of 
desired levels .  An average individual prawn weight gain for each aquarium was 
determined at the end of the experiment. Prawns which died were replaced to 
maintain constant prawn densities and to prevent density related differences in 
water qual ity (particularly ammonia) between aquaria. Prawns which were replaced 
with in the final 1 4  days of the experiment ( 1 1 prawns in total) were not used in 
weight gain estimations. Prawns were fed twice dai ly (1 /3 of daily ration in the 
morning, 2/3 in the afternoons) on an ad libitum basis. Uneaten food and any 
exuviae were recorded and removed daily. 

Experiment 3 - Interactive effects of pH and sal in ity on haemoiymph osmotic 
pressure 

The in itial mean weight in this experiment was 5.5 g prawn-1 (range 3.6-8.4 g) . In 
this factorial experiment there were four combinations of two sal inity (30 and 1 5  %0) 
and two pH levels (7.8 and 5.6) . For the lower levels ,  sal in ity and pH were reduced 
gradually over three days and then al l levels were maintained for a further three 
days. During the 24 h before osmotic pressure measurements were taken ,  pH 
levels were stable (with in 0.2 pH units of required levels) in al l aquaria. Dal l and 
Smith ( 1 981 ) found that constant haemolymph osmotic pressure was attained in P. 
plebejus at extreme sal in ities in < 24 h.  Prawns which died were not replaced , and , 
at the end of the experiment the osmotic pressure of the seawater in each 
aquarium and the haemolymph of all surviving prawns was measured with a 
Wescor Model 5 1 008 vapor pressure osmometer (Wescor Inc. , 459 South Main 
Street, Logan,  Utah 84321 , USA) . Whole blood samples from the prawns were 
withdrawn from the pericardium using chi l led , d isposable 1 ml plastic syringes and 
30G needles, and analysed immediately. An average value based on n �7 prawns 
was calculated for each aquarium. 

Statistical analyses 

LC50 values were calculated using probit analysis (Busvine, 1 957) and a computer 
package developed by Mr A Woods (University of New South Wales, Austral ia) . 
S ingle factor ANOVA was used to compare the effect of pH on ammonia levels for 
Experiments 1 and 2. Because several treatments yielded zero variance in 
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Experiment 2, a single sample chi-squared test was used to examine d ifferences in 
surviva l .  In Experiment 2 the mean individual prawn weight gain for each aquarium 
was calculated and differences in weight gain , number of exuviae and d ry weight 
between al l treatments were assessed using single factor ANOV A. Comparisons 
between means were made using Tukey's "honestly significant d ifferences" 
procedure (Winer, 1 971 ) .  Data from treatments 1 and 7 (pH 7.8;  salinity 30 and 
1 5  %0) and 5 and 8 (pH 5.6, sal inity 30 and 1 5  %0) were also used in a two factor 
ANO VA to assess the interactive effects of pH and sal in ity. 

For Experiment 3 mean values for water and haemolymph osmotic pressure, and 
the difference between the two (00p) , were calculated for each aquarium and the 
data were analysed using two factor ANOVAs to assess the interactive effects of 
pH and sal in ity. For al l  analyses of variance, homogeneity was assessed using 
Cochran 's test (Winer, 1 971 ) .  

The EC5 value, that p H  at which prawn growth was reduced by 5 % ,  was 
considered the "minimum acceptable" pH .  This was estimated for a sal in ity of 30 
%0 using two intersecting regression l ines (Al lan et al . ,  1 990) based on the data 
from Experiment 2 (F ig.  1 ) . Linear regression was used to investigate the 
relationship between pH and the number of prawns which moulted in aquaria with 
seawater at 30 %0 sal in ity (Experiment 2) . 

RESULTS 

Water quality 

The maximum ammonia concentration reached in an aquarium during any static 
bioassay in the present study ( 1 .04 mg total ammonia-N 1· 1 )  was considerably 
higher than that recorded in controls during continuous flow bioassays with the 
same species (Al lan et al . ,  1 990) . However ,  this concentration was sti l l  below the 
maximum acceptable concentration for penaeids (Wickins ,  1 976; Allan et al . ,  1 990) . 
There was a tendency for ammonia concentrations to be higher in treatments with 
the lowest pH during both Experiment 1 and 2, however, d ifferences between 
treatments were not significant (P > 0.05) . Nitrite concentrations did not exceed 20 
µg N02-N 1 · 1 , wel l  below concentrations which reduce growth of penaeids (Wickins, 
1 976) . 

Average alkal in ity for Experiment 2 ranged from 0 mg HC03· 1 - 1  for the treatment 
with a pH of 4.9 to 1 1 7.6  mg HCQ3· 1 · 1 for the treatment with a pH of 7.8 (30 %0) . 
At a s imi lar pH ,  alkal in ity was reduced at lower sal inities {Table 2) . 

Experiment 1 

Few prawns died at pH 7.8-4. 1 ,  although al l  prawns died with in eight hours at pH 
3.  0 (Table 1 ) . The 96 h LC50 value was 3. 7 (95 % confidence l imits 3.4, 4. 1 ) . There 
was l ittle difference between mortal ity after 48 h and 96 h indicating that a lethal 
toxicity threshold (Sprague, 1 969) was reached. No prawns held at pH 7.8, 7.0, 
6. 1 ,  5. 1 or 3.0 moulted. Three prawns moulted at pH 4. 1 ,  one of which died 
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during ,  or  soon after, moulting.  At pH 3 .8 ,  seven prawns moulted and a l l  of these 
died with in four hours of moulting.  

Experiment 2 

The effects of treatment on survival were not s ignificant (x2= 1 . 1 ,  d .f. = 7, P >0.05) 
(Table 2) . In comparison to results for pH 7.8 and 30 %0, growth was depressed 
at pH � 5.5 at both 1 5  and 30 %0 (Table 2) and, although sal inity did not affect 
growth (P > 0.05) , there was a s ignificant pH x sal inity interaction (P< 0.05) (Table 
3) . The interaction occurred because, at pH 7.8, average weight gain was higher 
at 30 %0 than at 1 5  %0 salin ity, whi le at pH 5.6, growth was simi lar at the two 
sal in ity concentrations (Fig. 1 ) .  The number of exuviae was highest at pH  4.9 (30 
%0) (P < 0.01 ) (Table 2) and was inversely related to sal in ity (P < 0.001 ) ,  whi le the 
interaction between pH and sal in ity was not significant (P > 0.05)' (Table 3) . The 
number of moults (Table 2) was related to pH (number of moults = 1 8. 1 5 - 2. 1 5  
pH ;  r = 0.656; P < 0.01 , df = 1 6) .  The dry matter content was depressed at pH 4.9 
(30 %0) (Table 2) but unaffected by sal in ity or the interaction (P >0.05) (Table 3) . 

For P. monodon, at a sal in ity of 30 %0, the EC5 value estimated for reduced pH 
was 5.9 (Fig . 1 ) .  

Experiment 3 

The effec::s of sal in ity on water osmotic pressure were significant (P < 0.001 ) ,  but pH 
effects were not s ignificant (P > 0.05) , and there was no  pH x sal inity interaction 
(Tables 4 and 5) . The effects of sal in ity on haemolymph osmotic pressure were 
also s ign ificant (P < 0.001 ) .  However ,  at both sal in ities ( 1 5 and 30 o/oo) haemolymph 
osmotic pressure was closer to ambient osmotic pressure at reduced pH (5.6) 
(Table 4) and consequently pH effects were not significant (P >0.05) , although, 
there was a significant (P < 0.05) pH x sal inity interaction (Table 5) . Both sal in ity 
(P < 0.001 ) and pH (P < 0.01 ) s ignificantly reduced 00p, an indicator of 
osmoregulatory performance, and there was no interaction (P >0.05) (Table 5) . 

D ISCUSSION 

Mortal ity (Apud et al . ,  1 985) , and poor growth (Webber and Webber, 1 978) , of 
penaeids occur when acid sulphate soi ls acidify pond waters. However, no studies 
us ing standard toxicological methodology (Sprague, 1 969) were found which 
described lethal or  "min imum acceptable" values of pH for penaeids. 

Continuous-flow bioassays are preferable to static bioassays as animals are not 
subj ect to the stresses associated with the replacing test solutions (Al lan et al . ,  
1 990) . However, during prel iminary trials, pH could not be  maintained with any 
precis ion in the aquaria avai lable when continuous-flow bioassays were used . 
Consequently, static bioassays had to be used. In Experiment 2, growth of prawns 
at pH 7.8 and 30 %0 sal inity was equivalent to 0. 1 O g day· 1 . This was slower than 
average growth rates of 0. 1 8  g day· 1 or 0. 1 6  g day· 1 recorded for control groups of 
s imi lar size P. monodon during continuous-flow bioassays with ammonia or 
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dissolved oxygen over 2 1  days (Al lan et al . ,  1 990; Allan and Maguire, 1 99 1 ) .  

The growth results (Experiment 2 ;  Table 2) , however, d id indicate that P. monodon 
were also tolerant of sub- lethal exposure to acid ified seawater over 23 days and 
al lowed the estimation of a "minimum acceptable" pH (5.9) . Growth was not 
significantly reduced (P > 0.05) at pH 6. 1 or above, although, s ignificant reductions 
were recorded at pH 5.5 and 4.9. Simi larly, Wickins ( 1 984b) found that growth of 
P. monodon was unaffected in acidified seawater with a pH of 6.7. Conversely, 
Wickins (1 984a) found that growth of P. monodon and P. occidentalis was reduced 
when pH was lowered to 6.4 using seawater enriched with carbon dioxide. 
However, in th is last case ,  growth could have been reduced by direct toxicity of 
C02 rather than s imply by a reduction in pH.  

At the lowest pH in Experiment 2 ( 4.9) , the number of exuviae was significantly 
higher (P< 0.05) , compared with the number recorded at pH 7.8, 7.3, 6. 1 and 5.5, 
even though growth was significantly reduced (P< 0.05) (Table 2) . Brown et al . 
( 1 991 ) also found that an increase in moulting frequency for Macrobrachium 
rosenbergii could accompany reduced growth. Other studies have shown that 
under adverse conditions prawns may continue to moult but not grow (Reeve, 
1 969) and Joshi et al .  ( 1 987) found that exposure to sublethal levels of two 
insecticides increased moulting frequency in P. monodon. Chang ( 1 989) 
suggested that environmental variables may regulate the endocrines involved in 
crustacean moulting by affecting the synthesis and/er secretion  of moult inh ibiting 
hormones. 

During this study, prawns were not individually segregated and we could not 
indentify which prawns moulted , nor measure the growth increment between 
moults . Brown et al . ( 1 99 1 ) found that the growth increment between moults was 
greater for M. rosenbergii ( in itial weight 0. 1 - 0.35 g) at low water hardness 
concentrations ( < 53 mg Ca C03 1· 1 )  although the converse has been found for 
larger individuals ( in itial weight 3.8 - 32.6 g) of the same species (Cripps and 
Nakumura, 1 979) . 

Prawns exposed to the lowest pH (4.9) also had lower (P < 0.001 ) dry matter 
contents (Table 2) . Although smal ler decreases in d ry matter content have also 
been recorded for penaeids which grew slowly under other unfavourable conditions 
( low feed rate or temperature) (Maguire, unpubl ished data, 1 990) , the decrease 
recorded during the present study may have been due to exoskeletal dissolution in 
the acid conditions, as has been recorded for other crustaceans (Defur et al . ,  1 980; 
Morgan and McMahon, 1 982) .  Although no measurements of carapace weight 
were made during the present study, the exoskeletons of prawns exposed to the 
lowest pH (4.9) were noticeably softer than for prawns exposed to the highest pH 
(7.8) . Wickins ( 1 984b) found that carapace weight of P. monodon was reduced 
fol lowing exposure to low pH (6.7) and low inorganic carbon concentration . When 
pH was reduced to 6.4, by adding carbon dioxide (thus maintaining inorganic 
carbon concentrations) , carapace weight gain in P. monodon occurred, possibly as 
a resu lt of increased uptake of bicarbonate (Wickins,  1 984a) . 
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The effects of pH and sal in ity, and their interaction, on haemolymph osmotic 
concentration were investigated in Experiment 3 to determine if differences in 
osmoregulatory abi l ity in acid waters at different sal in ities may have contributed to 
the interaction of sal in ity and pH on growth, observed in Experiment 2 {Table 3) . 
Reduced osmolarity, or a loss of haemolymph ions (in particular Na+) , has been 
recorded fol lowing exposure to acid for several species of freshwater fish and 
crustaceans (Morgan and McMahon, 1 982; McMahon and Morgan, 1 983; Hobe et 
al . ,  1 983; 1 984a, 1 984b) . P. monodon is an efficient osmoregulator in the range 
1 5-30 %0 and has an isosmotic concentration of between 23-25 %0 (Cawthorne et 
al . ,  1 983) ; this is close to mid way between the two sal inities tested in the present 
study. At both sal in ities , haemolymph osmotic concentrations were closer to 
ambient osmotic concentrations when prawns were exposed to acidified conditions 
(pH 5.6) compared with those for prawns in normal seawater (pH 7.8) . When an 
indicator of osmoregulatory performance {00p) , was analysed , both pH and sal in ity 
effects were s ignificant (P < 0.01 ) ,  and there was no interaction (P > 0.05) (Table 3) . 
This suggests an impairment of osmoregulatory function at low p H  {5.6) and is 
consistent with the conclusion made by McMahon and Morgan { 1 983) that the loss 
in total osmolarity in Procambarus clarkii and Orconectes rusticus, fol lowing 
exposure to acidified water (pH 4.0) , resulted from an inhibition of ion uptake as 
wel l  as an increase in passive ion efflux. However, although the apparent 
impairment of osmoregulatory abi l ity in acid ified conditions (pH 5.5) was sl ightly 
greater for the h igher sal in ity (30 %0) , the pH x sal in ity interaction was not 
s ign ificant (P > 0.05) (Tabie 5) . Thus the d ifferences in osmoregulatory abi l ity did 
not necessariiy exp1ain the s ignificant p H  x sai in ity interaction on growth in 
Experiment 2. The interactive effect of pH and sal in ity on ionic regulation may 
warrant further study. 

Inorganic carbon levels are reduced by acidification as indicated by the reduction 
in  alkal in ity to O mg HCQ3- 1- 1 in  the treatment with the lowest pH (4.9) . The current 
study was not aimed at investigating the direct effects of reduced alkal inity of P. 
monodon but th is may warrant further study. It may have indirect effects through 
inh ib iting algai blooms in farming ponds (Boyd , 1 982) . 

The absence of a s ignificant difference in growth between sal inities of 1 5  and 30 %0 
was surpris ing as prawn farmers in Austral ia and overseas place great emphasis 
on maintain ing low sal in ity levels in P. monodon ponds (New and Rabanal , 1 985; 
Chien and Liao , 1 987) . However ,  data recently presented by Shiau et al . ( 1 991 ) for 
j uven i le P. monodon fed experimental diets with six dietary protein contents at 1 6  
%0 and 32 %0 , indicate that average growth results (data for different protein levels 
combined) for the two sal in ity levels were s imilar (289.7 % and 337.6 % increases in 
average weight respectively) . Thus low sal inity does not appear necessary in terms 
of the physiological requirements of P. monodon although low sal inity could 
influence other biotic components of pond ecosystems. It is noteworthy that low 
sal in ity { 1 5 %0) increased moult ing frequency as a variety of environmental 
stresses, eg rapid reduction in sal in ity, increased temperature through partial pond 
drainage and additions of copper, have been used by prawn farmers in an attempt 
to stimulate moulting and growth (Robertson, 1 988) . Clearly, an increase in 
moult ing frequency does not necessarily improve growth. 
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A major aim of this study was to provide data to assist with the management of 
acidic prawn farming ponds. However, results from aquaria are not necessarily 
directly appl icable to pond s ituations (Maguire and Al lan , 1 985) . Apud et al (1 985) 
observed mortal ity among penaeids at pH ::!: 5 and in the present study mortal ity 
occurred at pH ::!: 5. 1 although the 96h LC50 was 3.7. Within ponds, toxic effects of 
low pH can involve interaction with other water qual ity variables e .g . , low pH 
reduces ammonia toxicity (Whitfie ld,  1 974) and mobil ises heavy metals, including 
iron and aluminium which can reduce yields in aquaculture ponds (Simpson et al . ,  
1 983) . 

Low pH can also reduce natural pond productivity presumably by reducing the 
avai labi l ity of nutrients (Alabaster and Lloyd , 1 980) including phosphorus (Boyd , 
1 982) and carbon sources for photosynthesis e.g. , bicarbonate and hence 
alkal in ity. Liming usual ly involves appl ications of calcium carbonate which assists 
with overcoming these problems and Simpson et al . ( 1 983) specifically 
recommended regular monitoring of alkal in ity in acid ponds. Clearly the 
interrelationships between pH and pond water qual ity variables are complex. 
Nevertheless, if the pH in ponds fal ls  below 5.9 the l ikel ihood of a decl ine in prawn 
growth warrants remedial action such as water exchange or the addition of l ime. If 
pH fal ls below about 4.0, immediate action such as transferring prawns to another 
pond or premature harvest is recommended. If the pH is reduced , problems may 
be encountered with soft prawn exoskeletons and th is could affect marketabi l ity. 
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TABLE 1 

Mortal ity of Penaeus monodon after exposure to acidified seawater (32 %0) for 48 

and 96 h (Experiment 1 )  1 • 

2 

pH Mortal ity (%)2 

mean range 48 h 96 h 

7.8 7.6-8.0 0 3.3± 3.3 

7.0 6.9-7. 1 0 0 

6. 1 6.0-6.2 0 0 

5. 1 5.0-5.3 1 0.0± 5.8 1 0.0± 5.8 

4. 1 4 .0-4.2 1 3.3± 6.7 20.0 ± 0  

3.8 3 .6-3.9 30.0± 1 1 .5 36.7± 6.7 

3.0 3 .0-3. 1 1 00 1 00 

The mean temperature value for al l treatments was 26.2± 0.4 °C. Total 

ammonia and n itrite levels did not exceed 400 µ g NH3-N 1- 1 and 20 µg N02-N 

1 - 1 respectively. 

Values are means ± standard error (n =3 repl icate aquaria) . 



TABLE 2 

Performance of Penaeus monodon fol lowing chronic (23 d) exposure to combinations of pH and sal inity (Experiment 2) . 

Treatment gt::i1 Alkal in ity2.3 Survival2.4 Weight gain2.5 Exuviae2•5 Dry matter content2.5 

30 %o  

1 
2 
3 
4 
5 
6 

1 5 %o 

2 
3 
4 
5 

7 
8 

mean range (mg 1- 1 ) (%) (g prawn- 1 )  (No. aquarium-1 ) (%) 

7.8 7.6-7.9 1 1 7.6± 0.7 1 00 ± 0 2.2± 0. 1 8 2.7± 0.9ab 25.2± 0.58b 
7.3 6.9-7.6 1 02.0± 1 .3 1 00 ± 0 1 .9±0 . 1 8 2.0± 1 .28 25.5± 0.88b 
6.7 6.5-7.2 83.6± 0.7 1 00 ± 0 1 .8±0. 1 8b 4.3±0.98bc 27.0±0.58 
6. 1 5.8-6.8 49.3± 1 .3 1 00 ± 0 1 .8± 0. 1 8b 3.7±0.78b 25.8± 0.28b 
5.5 4.7-6.7 9.2± 0.7 96.7 ±3.3 1 .2± 0. 1 c 3.7±2.2ab 24.4± 0.2bc 

4.9 4.4-6.3 0 86.7 ±8.8 0.5± 0.2d 1 0.3± 1 .5c 22.7± 0.� 

7.8 7.2-7.8 57.0± 1 .0 1 00 ± 0 1 .7± 0. 1 8bc 8.0± 1 .58bc 25. 1 ± 0.58b 

5.5 4.8-6.7 3. 1 ± 0.4 86.7± 6.7 1 .3± 0. 1 bc 8.7± 0.3bc 24.7± 0.6bc 

In each aquarium the extreme pH values were recorded once during the experiment. Apart from this single occassion, pH 
values were within 0.4 pH units of desired levels. 
Values are means ± standard error (n =3 replicate aquaria) . 
Alkal in ity expressed as mg 1- 1 HCQ3- 1  based on acid titration (APHA, 1 971 ) .  
The effects of pH o n  survival were not significant (x2=2.6, d .f. =7, p > 0.05) . 
Within a column means sharing the same letter in the superscript were not significantly different (P >0.05) . 

- - -
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TABLE 3 

Summary of Analysis of Variance for effects of combinations of two pH (7.8 and 
5.5) and sal in ity ( 1 5 and 30 %0) levels on Penaeus monodon (Treatments 1 ,  5, 7 
and 8; Experiment 2) . 

Performance index pH Sal in ity (%0) pH x sal inity 

interaction 

Weight gain P < 0.001 ns1 P < 0.05 

Moulting frequency ns P < 0.01 ns 

Dry matter content ns ns ns 

ns = not significant (P > 0.05) 
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TABLE 4 

Osmotic pressure readings for water and Penaeus monodon haemolymph 
fol lowing short term (3 d) exposure to combinations of two sal in ity and pH levels 
(Experiment 3) . 

Sal in ity pH Osmotic Pressure (mOsm 1· 1 ) 1  

(%) 

1 5  

1 5  

30 

30 

2 

mean range 

7.8 7.7-7.9 

5.6 5.4-5.7 

7.8 7.7-7.9 

5.6 5 .5-5.7 

Water 

429± 9 

428± 3 

860± 4 

861 ± 2  

Haemolymph 00p2 

652± 8 223± 8  

635± 7 207±8  

708± 5 1 52±2 

732± 5 1 29±2 

Values are means ± S .E. (n=3  repl icate aquaria) . 

DOP = Difference between haemolymph osmotic pressure and the osmotic 
pressure of the water. This is an indicator of osmoregulatory performance. 
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TABLE 5 

Summary of Analysis of Variance for effects of short term (3 day) exposure to 
combinations of two pH (7.8  and 5.5) and salin ity ( 1 5 and 30 %0) levels on 
Penaeus monodon haemolymph and water osmotic pressures and 00p 1 
(Experiment 3) . 

Osmotic pressure pH Sal in ity p H  x salin ity interaction 
(mOsm 1- 1 ) (%0) 

Haemolymph ns2 P < 0.001 P < 0.05 

Water ns P < 0.001 ns 

Dop P < 0.01 P < 0.001 ns 

00p = Difference between haemolymph osmotic pressure and the osmotic 
pressure of the water (either 1 5  or 30%0) . This is an indicator of 
osmoregulatory performance. 

2 ns = not significant (P > 0.05) 



Figure 1 
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Effects of low pH on growth of Penaeus monodon over 23 d .  
• = 30 %0 sal in ity "' = 1 5  %0  sal in ity. Vertical bars indicate standard 
error of the mean . 
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3 RESULTS FOR OBJECTIVE B 

3. 1 Introduction 

7 5  

Objective B was to quantitatively compare the effects of different pond 
management methods on prawn growth and survival , pond water quality and the 
population dynamics of bacteria and algae within ponds. The overal l  aim of the 
program was to conduct research aimed at improving the effic iency of both pond 
water quality management and the uti l isation of supplementary artificial diets in 
prawn farming ponds. The results of the first segment (Bioassay Experiments) 
were used to assess the effect of pond management decisions on water quality 
and to relate these effects to prawn growth and survival. 

This series of experiments was conducted in sixteen 3.5 m d iameter x 1 .2 m high 
fibreglass tanks suppl ied by NSW Fisheries. These units were used to simulate 
small prawn farming ponds. The water supply system comprised a 611 axial flow 
water pump with dual del ivery l ines and float valves on each tank. Drainage 
faci l ities and an aeration system were also provided. Sediment was added to the 
tanks , they were fi l led with seawater and managed in a simi lar manner to , 
commercial prawn farming ponds. 

The detai led justification ,  methods, results and impl ications of the research 
associated with this segment are presented in Chapters 3.2 - 3.4. Each chapter 
represents a manuscript which has been submitted or prepared for submission to 
an international journal . The titles, authors and publ ication status of these 
manuscripts are l isted in Chapter 6 of this Grant Report. 
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3.2 The use of model ponds to evaluate phytoplankton blooms and benthic 
algae mats for Psnasus monodon culture 

ABSTRACT 

Fibreglass pools (3.5 m diameter, 1 .2 m high) were evaluated as model ponds for 
use as experimental units to assess the effects of pond management strateg ies on 
production of Penaeus monodon, and pond water quality. During an eight week 
trial , the effects of two ferti l isation strategies designed to promote either 
phytoplankton blooms or benthic algae mats, on prawn production and water 
quality, were compared. Eight replicate pools were used for each treatment. As 
production results were simi lar to those reported from commercial pond farming 
trials in Australia and Taiwan , the pools were considered appropriate experimental 
units for assessing pond management strategies. Large blooms of fi lamentous 
algae developed in four of the eight pools with benthic algae. In these, individual 
prawn growth (weight gain) , biomass gain ,  food conversion efficiency and drain 
harvest efficiency were all lower (P< 0.05) than those achieved in pools with 
phytoplankton .  Abundance of fi lamentous algae was negatively correlated 
(P< 0.05) with prawn weight gain (r = -0.80) and drain harvest efficiency (r = -
0. 76) . For al l pools , drain harvest efficiency was positively correlated with prawn 
size at harvest (r= 0.6 ;  P < 0.01 ) .  Differences in water quality arising from alternative 
ferti l isation strategies occurred but did not explain differences in prawn production 
indices . The results of the experiment indicate that ponds used for monoculture of 
Penaeus monodon should be ferti l ised so as to stimulate and maintain 
phytoplankton blooms and to discourage blooms of filamentous algae. 

INTRODUCTION 

A large array of experimental rearing systems have been used to investigate 
variables relevant to prawn farming pond management. These have included 
earthen ponds (Maguire & Allan 1 985; Wyban, Pruder, Leber & Burzel l ,  1 989; 
Raymond & Legardere 1 990) , netting enclosures within  ponds (Primavera, Apud & 
Usigan 1 976; Maguire & Leedow 1 983) and a large variety of different size tanks 
and other containers (Schier & Bianchi 1 983; Sandifer, Hopkins & Stokes 1 987; 
Wyban & Sweeney 1 989; Seidman & Lawrence 1 985) . Whi le very few studies have 
attempted to assess the applicabi l ity of the experimental faci l ities used , Chen, Liu & 
Lin (1 989) did compare production results from intensively stocked experimental 
ponds (0. 1 4 ha) with those obtained from commercial ponds (0.25 - 1 .50 ha) and 
found that growth was simi lar but production was higher in experimental ponds. 
Maguire & Allan ( 1 985) presented research results from a number of experimental 
systems and concluded that whi le each system had specific contributions to make, 
information from pond trials should be the most relevant to commercial farming 
operations. Shel l ( 1 966, 1 983) also concluded that trials in  larger, earthen ponds 
were most appl icable to commercial channel catfish Jctalurus punctatus, farming 
operations. 
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Pond trials nevertheless suffer a number of major disadvantages for pond 
management research. It  can be very difficult to minimise intrinsic variation 
between ponds 0f'Jee 1 989) and the complex interaction of a number of physico
chemical variables (eg water quality variables) can confound interpretation of 
treatment effects. Operating sufficient numbers of large ponds concurrently as 
repl icates is also logistically d ifficult and additional extraneous variation imposed by 
sequential trials can also make separation of treatment effects more difficult. The 
use of above-ground pools or large tanks as model ponds can alleviate many of 
these problems although the effects of their smaller size, eg large wal l  surface to 
volume ratio and smaller water surface area, need to be considered. One way of 
assessing the appl icabi l ity of experimental systems is to compare production 
results with those obtained during commercial farming operations where similar 
methods (eg stocking density) and conditions (eg water temperatures) apply. 

Increases in yield fol lowing fertil isation have been wel l  documented for aquaculture 
systems (Boyd 1 982; Fair & Fortner 1 981 ; Geiger 1 983; Perschbacher & Strawn 
1 984) , including penaeid prawn farming ponds (Furness & Aldrich 1 979; Rubright, 
Harrel l ,  Holcomb & Parker 1 981 ; Lee & Schlesser 1 984; Garson, Pretto & Rouse 
1 986; Wyban , Lee,  Sato, Sweeney & Richards 1 987; Lanari , Bal l iestrazzi & Tibaldi 
1 989; Subosa & Bautista 1 991  ) .  The usual response to pond ferti l isation is the 
stimulation of an algal bloom (Boyd 1 982) . This increase in primary productivity 
fol lowing fertil isation can stimulate the production of natural food organisms and 
increase shrimp production (Furness & Aldrich 1 979; Rubright et al. 1 98 1  ; Lee & 
Shlesser 1 984; Lanari et al. 1 989) . Algae also assimilate ammonia and other 
potential ly toxic, n itrogenous, metabolic waste products (Laws & Malecha 1 981  ; 
Mi l l is 1 981 ; Maestrini ,  Robert & Truquet 1 982) . In addition, actively 
photosynthesising algae can help maintain dissolved oxygen concentrations (Laws 
& Malecha 1 981 ; Boyd 1 982) . Careful management is, however,  required to avoid 
excessive blooms, depletion of nutrients, and subsequent rapid die-off and 
decomposition of algae, leading in turn to dissolved oxygen problems (Boyd 1 982) . 

Penaeus monodon, the most cultured penaeid prawn both worldwide (Rosenberry 
1 991 ) and in Austral ia (Maguire & Allan in press) , is traditionally cultured in Asia 
using extensive techniques, often within pond facil ities original ly constructed for 
mi lkfish ( Chanos chanos) culture 0/'Jickins 1 976; New & Rabanal 1 985) . For C. 
chanos culture, ponds are ferti l ised to encourage the growth of a benthic algal mat 
(Chen 1 972; Dj aj adiredj a  & Poernomo 1 972) . This benthic algal community, cal led 
"lab lab11 in  the Phi l ippines (Apud 1 985) and 11kelekap11 in Indonesia (Djajadiredja  & 
Poernomo 1 972) , is an association of many plants and animals but is usually 
dominated by diatoms and blue-green algae (Apud 1 985; New & Rabanal 1 985) . 
Th is method of ferti l isation is sti l l  practised in some regions, especially where P. 
monodon is cultured using extensive techniques (Chakraborti ,  Haldar, Das, Mandal 
& Bhowmik 1 986) . 

An alternative , and more widely used method of ferti l isation is the stimulation and 
maintenance of a phytoplankton bloom (Furness & Aldrich 1 979; Apud, Primavera 
& Torres 1 985; Cl ifford 1 985) . This method is generally used for P. monodon 
culture in  Taiwan (New & Rabanal 1 985) , by most farmers in Australia (Maguire & 
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Allan in press) , and is recommended for P. vannamei culture in  the western 
hemisphere (Clifford 1 985) . Phytoplankton blooms have the advantage of reducing 
l ight penetration and thus helping to prevent colonisation of the pond bottom by 
attached macrophytes (Laws & Malecha 1 981 ; Boyd 1 982) . 

The aims of this study were; 1 ) to compare the prawn production  results obtained 
in fibreglass pools (used as model ponds) with those obtained during commercial 
farming trials with P. monodon, and, 2) to compare the effects of fertil isation 
strategies, designed to promote e ither benthic algae mats or phytoplankton 
blooms, on prawn production and water qual ity in model ponds. 

MATERIALS AND METHODS 

Experimental facilities and procedures 

This study was carried out at the Brackish Water Fish Culture Research Station at 
Port Stephens, New South Wales, Australia (32° 45'S, 1 52° 04'E) in  3.5 m diameter, 
1 .2m high fibreglass pools. A 1 00 mm layer of sediment with 0.6 % organic matter 
(dry weight) was placed in each pool .  Particle size analysis (Folk 1 980) of this 
sediment indicated 92.0 % of the sediment had a grain size d iameter of 0.25 - 1 .0 
mm, 6.4 %, was 0.063 - 0.25 mm and 1 .6 % was < 0.063 mm. Two months prior to 
stocking,  al l pools were fi l led with seawater and ferti l ised with the equivalent of 1 00 
kg ha- 1  of ammonium nitrate ( 'Nitram' ,  Greenleaf Ferti l isers Pty Ltd, Heron Road , 
Kooragang Island,  NSW, 2304, Austral ia; N:P:K=24:0 :0) and di-ammonium 
phosphate (OAP, Green leaf Ferti l iser Pty Ltd; N:P:K=20:20 :0) to stimulate a 
phytoplankton bloom and enhance natural pond productivity. One month prior to 
stocking, al l pools were completely drained and allowed to dry out for several 
days, thereby simulating commercial pond management practices (Apud et al. 
1 985) . 

Two algal management treatments were then established with eight repl icate pools 
per treatment. Phytoplankton blooms were stimulated by the addition of Nitram or 
�quasol ' (Trade mark of Hortico Pty Ltd, Raymond Road, Laverton ,  Victoria, 3026, 
Austral ia; N:P:K=23:4: 1 8  with trace amounts of Zn, Cu, Mo, Mn Fe and B) and 
OAP, at the rate of 1 00 kg ha-1 for each ferti l iser, to the pools after they had been 
fi l led to a depth of 1 m. To maintain the phytoplankton bloom throughout the 
experiment, smal ler additions (between 5-25 kg ha- 1 for each ferti l iser) were added 
periodical ly when measurements of dissolved oxygen (DO) and pH levels, and/or 
the concentrations of plant pigments , indicated a decl ine in algal density. 

Benthic algal mats were stimulated in the remaining eight pools by the addition of 
the equivalent of 2 t ha- 1 of cow manure (2.0 % N, 0.25 % P, 
7.6 % moisture) and approximately 70 kg ha- 1 of OAP. Ferti l isers were added when 
the pools were dry and then , as recommend by Djajadredja  & Poernomo (1 972) , 
water was added to a depth of only 1 O cm to allow maximum penetration of 
sunl ight to the pool bottom. A vigorous benthic algal mat was established in about 
two weeks.  Pools were gradually fi l led over the ensuing 1 0  days to a depth of 1 m.  
Total in itial inputs of N and P (whether added as inorganic fertil iser only or organic 
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plus inorganic) were similar for both treatments. However, as additions of ferti l iser 
to the benthic algae pools during the experiment when the pools were ful l  might 
have stimulated phytoplankton and reduced the benthic algae through shading,  
maintenance additions of ferti l iser to these pools were kept to a minimum.  
Consequently the total inputs of  N and P were much greater for pools managed 
with phytoplankton blooms (see Results) . 

Juveni le prawns (mean weight 2.2 g ,  range 1 .2-3.4 g) were obtained from a 
commercial prawn farm in north Queensland,  Australia. Batches of 25 prawns were 
blotted dry with a sponge, weighed and stocked sequentially into poo ls .  All pools 
were stocked with 1 50 prawns ( 1 5 prawns m·2) . During the first four days al l pools 
were half drained daily to allow removal and replacement of dead prawns with l ive 
prawns of a simi lar size. The experiment was run for 56 days. 

Each pool was aerated (2.0 I min- 1 poo1· 1 )  with two airstone d iffusers for an average 
of 5.6 h day· 1 (1 h between 1 500 and 1 600 h to simulate mixing and aeration 
caused by prevai l ing afternoon winds and 4.6 h between 0400 and 0900 h) . Water 
exchange was provided to each pool as needed using DO and pH levels as a 
guide. 

Every two weeks a sample of prawns (n >20 prawns) was taken from each pool , 
weighed and returned to the pools. Prawns were fed a commercial d iet imported 
from Taiwan (46.7 % protein [/Vx6.25, dry basis] , 9.3 % moisture) . Prawns were fed 
twice daily ; 33.3 % of the ration in the morning and 66. 7 % in the evening.  Food 
consumption was monitored twice daily using plastic mesh trays (0.6 m2) supplied 
with a proportional amount of food. Prawns were initially fed 4 % wet prawn 
biomass ( [in itial biomass + final biomass ]/2) day 1 and this was adjusted according 
to food consumption and prawn growth rates.  Average consumption (feed input) 
rates are given in Table 1 . 

One of the major differences between the model ponds (pools) used here and 
ponds used for commercial culture of P. monodon was the much greater wall to 
volume ratio of the pools. Growth of attached macrophytes on the wal ls could 
make a significant contribution to primary production in  the pools whi le this is less 
l ikely in  larger commercial ponds. The wal l of each pool was therefore cleaned 
several times during the experiment to prevent excessive growth of attached 
macrophytes. 

At the end of the experiment the pools were drained and the prawns harvested. 
Male and female prawns were separated and the number and total weight of each 
gender recorded. As a measure of drain harvest efficiency, the number of prawns 
which passed through a 1 00 mm drain at the sediment surface were counted and 
expressed as a percentage of the total number of surviving prawns. 

The total quantity of food added to each pool was used as an estimate of food 
consumption. The conversion efficiency (S) of supplementary feed, where natural 
food is also present, was estimated using the fol lowing formula (Parker, 1 987) : S 
= weight of feed (92 % dry basis) added to pond/wet prawn biomass gain .  This 
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inverse index overestimates the energetic effic iency of food conversion because the 
contribution made by natural food organisms is not considered (Parker, 1 987) . It is 
nevertheless useful for comparing inputs and outputs .  The abundance of 
fi lamentous algae in the pools was measured in the week before harvest by 
estimating the total volume of the pool occupied by suspended fi lamentous algae. 

Water quality analysis 

Temperature , DO and pH were measured twice dai ly (morning 0700-0900 and 
afternoon 1 600- 1 800) using a Yeokal (Yeokal Electronics ,  Brookvale, NSW, 21 00) 
model 603 DO[f meter and an Orion (Orion Research Inc. , Main Street, Boston ,  MA 
021 1 29, USA) pH/mV meter with a Ross (Orion Research Inc) combination glass 
e lectrode. Sal in ity was measured regularly using a Yeokal temperature/sal in ity 
conductivity meter. Al l meters were regularly cal ibrated as described by Al lan , 
Maguire and Hopkins ( 1 990) . Nutrients were measured every seven days using 
the methods described by Dai Pont, Hogan & Newel l  ( 1 974) , for ammonia and the 
methods described by Major, Dai Pont, Kyle and Newel l  ( 1 972) for n itrite plus 
n itrate and reactive phosphorus. Concentrations of the plant p igments chlorophyl l  
a, b and c and pheophytin were measured dur ing week 1 , 2, 5 and 1 O using the 
spectrophotometric methods described by Major  et al. ( 1 972) . As al l  major groups 
of phytoplankton contain the pigment chlorophyl l  a (Jeffrey & Vesk 1 98 1 ) the 
::cncentraticns ::f :his :Jigment was '1leas u rec :o :: r cv1 c e  ar ncicatio r:  =i �he 
- � ,  , ,.... c - ,... ,... - -i ' vc ,... ,..., vr,... ,... 1 - r ..,.. ,.... ,... . ,.... _ _  ,... ,.... � .-- ..... c -- -..... e - . ......, ..... -.,. - - -- - - r � · 1· ,... ,... .:::. L. � 1 . C. J ; "-" C _. ,  ! '-' -. I ' � i.,.,d ,,..., d : r\ ;.. 1..,. 4 - 1  ':::' C:.L.,., _ _, \ ... d , :::. 1.. . ; . � - 1 . '. ';:::' - i  -:' C \.... j .::: c:., , . - i i ' "::;: · 
:cncemrancns :i ::i1crccny1 I  :: anc : were rneasurec :c ncicate ·e 1a!1ve 
aounaance of various aivis1ons of :::nymo1anKtcn Nnicn :cnta1n either :r ::cm :i 
these pigments (Jeffrey � 98� ) .  ?heoonytin .  a :::egraaat1cn :xo a uc:: :i ::i1crccny1 I  a 
(Jeffrey I 98i ) ,  was measured :o inaicate aounaance of senescent a1ga 1 :e1 is . 

Statistical analysis 

Two-factor ANOVA was used to i nvestigate wnether treatment, gender or the 
interaction between treatment and gender affected harvest weight. Differences in 
prawn performance indices , pond management var iables (water exchange rate and 
input of N and P) and water qual ity were assessed using t-tests (Sokal & Rohlf 
1 981 ) .  In  four of the pools where benth ic algal b looms were stimulated .  b looms of 
the fi lamentous algae Enteromorpha sp. developed . S ing le-factor ANOVA was 
used to determine whether the dominant bloom in  the pools at the time of harvest 
(Phytoplankton , [P] , benthic algae without fi lamentous algal b loom [B] or benthic 
algae with fi lamentous algal bloom [BF])  affected p rawn performance indices or 
water qual ity variables. Sample sizes were n = 8  for P and n = 4  for B and for BF 
pools .  Where s ign ificant d ifferences were found,  means were compared using 
Tukey's w (Sokal & Rohlf 1 981  ) .  

Homogeneity of variance was comfirmed prior to t-test using the F-test (Sokal & 
Roh lf 1 981 ) and prior to ANOVA using Cochran 's test (Winer 1 971 ) .  To satisfy the 
assumptions of normal ity and/or homogeneity of variance the fol lowing 
transformations were made prior to statistical analys is :  Survival , S and drain 
harvest efficiency - (arcsine x0·5) ;  ammonia, n itrite p lus n itrate, chlorophy a, b ,  c and 
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pheophytin - (log x) . 

To investigate whether the abundance of fi lamentous algae was correlated with 
prawn performance indices, the abundance of filamentous algae in benthic algae 
pools (B+ BF) was estimated in  the week prior to harvest and used in  a correlation 
analysis (Sokal & Rohlf 1 981 ) with data for survival , prawn weight gain ,  final 
biomass, biomass gain ,  food consumption,  S and drain harvest efficiency. Using 
the data from all pools, prawn size at harvest was also used in a correlation with 
drain harvest efficiency. 

RESULTS 

Survival rates in al l pools were <!88.7 % and were unaffected (P >0.05) by the algal 
management treatments (phytoplankton or benthic algae) or by the dominant algal 
bloom at harvest P, B or BF (Table 1 ) . Two-factor ANOVA showed that treatment 
effects (P,  B plus BF) on harvest weight were not significant (P > 0.05) although 
gender was significant (P< 0.05) . Female prawns were larger than males in both 
treatments (data for both treatments ; average final weights were females 1 4.2 g,  
males 1 3.5 g) . As there was no interaction between treatment and gender 
(P > 0.05) , data for females and males were combined to assess effects of 
treatment on prawn weight gain .  

Prawns grew rapidly (Fig. 1 )  and gained between 9 .6 and 1 3. 1  g over 56 days, 
based on average gain within each pooi . D ifferences in growth between algal 
management treatments were not significant (P >0.05) , however, when the effects 
of the three dominant blooms at harvest were assessed, prawns in BF pools had 
significantly (P < 0.05) lower average weight gain (Table 1 ) .  Similarly, final biomass 
and biomass gain results were not affected by treatment (P>0.05) but were 
significantly reduced (P < 0.05) in BF pools (Table 1 ) .  Food consumption was 
unaffected (P >0.05) by treatment or dominant bloom at harvest (Table 1 )  but S 
(P > 0.05) and drain harvest efficiency (P < 0.01 ) were both worse in BF pools 
compared with P pools (Table 1 ) .  

Water exchange rates (mean ±SE) were similar (P >0.05) i n  both treatments 
(7.4±0.2 % d- 1 and 7_3±0.4 % d-1 for P and B + BF respectively) . Total inputs of 
both N and P were higher (P < 0.001 ) for the P pools (27. 1 ± 0.3 g N m-2 and 
7_8±0.3 g P m-2 respectively) than for the B + BF pools ( 1 3.8 ±0.2 g N 
m-2 and 3.9± 0. 1  g P m-2 respectively) . Mean minimum and maximum temperatures 
and sal in ity were 23.0 °C (range 1 9.2 - 25.9 °C) , 25.6 °C (range 21 .8 - 29.3 °C) and 
31 .2 %0 (range 28.5 - 33.3 %0) respectively and were simi lar for al l pools. Morning 
DO concentrations and morning and afternoon pH values were unaffected by 
treatment or dominant algal bloom at harvest (P >0.05) (Table 2) although, 
afternoon DO,  whi le unaffected (P > 0.05) by treatment, was affected (P< 0.05) by 
the dominant bloom at harvest (Table 2) . Ammonia, nitrite plus n itrate and reactive 
phosphorus concentrations were al l higher in P pools than the B or BF pools 
(P < 0.05) (Table 2) . Chlorophyll a concentrations were simi lar in P and B pools 
(P >0.05) and higher than in BF pools (P < 0.05) (Table 2) . Chlorophyll b and 
pheophytin concentrations were highest in P pools and chlorophyll c 
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concentrations were simi lar in P, 8 or BF pools (Table 2) . 

Filamentous algae occupied an estimated 20, 60, 70 and 80 % of the pond volume 
in BF ponds. The abundance of fi lamentous algae correlated significantly (P< 0.05) 
with prawn weight gain (r = -0.80) and harvest efficiency (r = -0. 76) but not with 
final biomass, biomass gain, food consumption or S (P >0.05) . Using data for al l 
pools, prawn size at harvest was significantly correlated with drain harvest 
efficiency (r=0.64; P < 0 .01 ) . 

DISCUSSION 

Experimental systems 

Survival rates in the present study were higher than for commercial pond trials with 
P. monodon in New South Wales (NSW) , Austral ia (mean 63.9 %) (Al lan 1 989) or 
commercial pond trials with P. monodon in Taiwan (mean 59.4 %, range 30.5 - 81 .9 
%) (Chen et al. 1 989) . This is to be expected because ,  j uveni le prawns (mean 
weight 2.2 g prawn-1 )  were used in the present study rather than postlarvae. The 
present study was also of short duration compared with the usual commercial 
grow-out period, and faster growth rates and better food conversion efficiencies 
have been associated with an increased contribution of natural food during the 
early stages of prawn culture in ponds (Rubright et al . 1 981  ) .  In addition , because 
of the relatively small size of the pools, there was a greater capacity for aeration 
and water exchange than is usually provided for commercial ponds. Nevertheless, 
the average growth rates recorded during this study (0.21 g day1)  were similar to 
those recorded for P. monodon (0. 1 7-0.25 g day-1 ) by commercial farmers in NSW, 
Taiwan, Phi l ippines and India for densities at harvest ranging from 3-1 8. 1 prawn m-2 

(Apud et al. 1 985; Chakraborti et al. 1 986; Allan 1 989; Chen et al. 1 989) . Average 
values for S dur ing this experiment ( 1 . 1 : 1 )  and for favourable treatments in other 
pool experiments ( 1 .6 - 2. 1 ; Allan and Maguire ,  unpubl ished data) were also similar 
to those reported for NSW and Taiwan ( 1 .4: 1 - 2.2: 1 )  (Allan 1 989; Chen et al. 
1 989) . Although faster growth rates have been recorded for P. monodon (eg. 0.32-
39 g prawn-1 day-1 ; Liao 1 977; Sundararajan, Victor Chandra Bose and Verkatesan 
1 979) , these have usual ly been for culture under higher water temperatures and 
lower stocking densities than those used in the present study. 

Shell (1 966, 1 983) found that yield (production per ha) for channel catfish, lctalurus 
punctatus, was many times greater using earthen ponds (0. 1 ha) than plastic-l ined 
pools (0.00059 ha) or concrete tanks (0.002) even though stocking density, feeding 
and ferti l isation practices were the same. In earthen ponds, Chen et al. (1 989) 
found that P. monodon yield was inversely related to pond size although, as 
stocking density was higher in his smaller ponds, this result was not an 
unconfounded pond size/yield relationship. The results for survival , growth and S 
obtained during the present study are simi lar to those reported for commercially 
farmed P. monodon in  NSW and Taiwan under simi lar water temperature regimes 
and stocking densities. On this basis, the pools described here are considered 
appropriate experimental units for pond management research with P. monodon. 
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Where an estimate of the variabi l ity in an experimental system is known, the 
number of repl icates needed to detect a difference between treatments with a 
g iven degree of accuracy can be predicted (Roberts 1 983) . Using the results for 
weight gain from P and B pools (mean 1 1 .95 g prawn- 1 , standard deviation 0. 76 g 
prawn-1 ,  n = 1 2  pools) , four repl icate pools would have been sufficient to detect a 1 5  
% difference in weight gain at P =0.001 . 

Fertilisation strategies 

During this study there were no differences in prawn survival or growth in 
phytoplankton pools or benthic algae pools without fi lamentous algae. Apud 
( 1 985) , however, recommended against the use of benthic algae mats on two 
grounds. Firstly, conditions most suitable for the growth of benthic algae mats, ie. 
shal low depth (20-25 cm) , high salinity (>28 %) , are not ideal for P. monodon and, 
secondly, deterioration of pond bottoms, production of sulphides and other toxic 
gases and reduced DO were common in ponds with excessive growth of benthic 
algae mats. During the present study, excessive growth of fi lamentous algae was 
l ikely in ponds with benthic algal mats. 

Growth of fi lamentous algae in monoculture P. monodon ponds should be avoided 
for three reasons. Firstly, the growth rate and yield of prawns in ponds with 
extensive blooms of Enteromorpha sp. was lower (P < 0.05) than in either 
phytoplankton ponds or ponds with benthic algal blooms and no fi lamentous algae 
(Table 1 ) .  This may have been related to decreased accessibi l ity of pellets, some 
of which became entangled in the fi lamentous algae. This problem is l ikely to be 
worse in commercial ponds where mechanised food distribution systems, e .g . ,  
blowers, are used rather than hand feeding as in this study. Secondly, excessive 
growth of fi lamentous algae, such as Chaetomorpha sp, can cause problems by 
entangl ing postlarvae (Apud 1 985) . Thirdly, and possibly most importantly, 
fi lamentous algae blooms seriously impair effective pond harvest. For example,  in 
the pool with the greatest abundance (80 %) of fi lamentous algae only 20 % of the 
prawns were recoved from effluent water when the pond was drained. Commercial 
prawn farmers in Austral ia and Taiwan prawn usually harvest prawns by either  
drain harvesting or using nets (Chiang & Liao 1 985; Maguire & Allan 1 991 ) .  Both 
methods are impeded by fi lamentous algae. In the present study, drain harvest 
efficiency was positively correlated with prawn size, and the prawns in the pools 
with fi lamentous algae (BF pools) were smal ler .  It should be noted, however, that 
this relationship applied for smaller prawns than are often harvested for commercial 
P. monodon ponds (ie . ,  >25 g) . 

The maximum levels of ammonia and nitrite plus nitrate in al l pools remained below 
growth reducing inhibiting concentrations for P. monodon reported by Wickins 
( 1 976) and Al lan et al. ( 1 990) . Similarly, DO concentrations (highest in BF pools 
[P< 0.05] with extensive blooms of Enteromorpha sp) and pH values were wel l  
above growth inhibiting concentrations for P. monodon (Seidman & Lawrence 
1 985; Allan & Maguire 1 991 ; Allan & Maguire in press) and did not account for the 
reduced weight gain of prawns in BF pools compared with those in P or B pools. 
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Despite simi lar inputs of N and P to B and BF pools, measured concentrations of 
ammonia and reactive phosphorous in the B and BF pools were significantly 
d ifferent (P< 0.05: Table 2) . The uptake kinetics of N and P vary for d ifferent algal 
species (Kautsky 1 982) and may explain these differences. For example blue 
green algae are usually a major component of benthic algae mats in prawn farming 
ponds (New & Rabanal 1 985) and were more prevalent in B than BF pools . Blue 
green algae are able to assimilate dissolved atmospheric nitrogen and reproduce 
and grow in waters with low levels of dissolved nitrogen (Sevrin-Reyssac & 
Pletikosic 1 990) . Compared with P pools, the BF pools were characterised by low 
levels of chlorophyll a and b and phaeophytin indicating an inverse relationship 
between occurence of filamentous algae and phytoplankton. Liao ( 1 977) noted 
problems with fi lamentous algae in P. monodon farming ponds and he concluded 
that Enteromorpha sp did not grow when water transparency was low. 

CONCLUSIONS 

The results from the present study showed survival , growth and food conversion 
efficiency for prawns reared in experimental , above-ground pools are simi lar, to 
those reported from commercial pond farming trials in NSW (Al lan 1 989) and 
Taiwan (Chen et al. 1 989) . Consequently, although care should be taken when 
directly extrapolating results from studies using model ponds to commercial size 
ponds, the overall conclusions reached should be relevant. Results from this study 
indicate that ponds used for the monoculture of P. monodon, managed using 
simi lar methods to those described here, should be fertil ised to stimulate and 
maintain phytoplankton blooms to avoid g rowth of fi lamentous algae. Addition of 
ferti l isers should be made when the intensity of phytoplankton blooms, and hence 
water turbidity, decreases. 
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TABLE 1 

Performance data for Penaeus monodon reared in  model prawn farming 
ponds (pools) with different dominant algal blooms 1 •  

Dominant algal bloom 

Ind ice Phyto- Benthic Filamentous 
plankton algae algae2 
(P) (B) (BF) 

Survival (%)3 94.0±0.9 a 92.2± 1 .7 a 9 1 .9± 1 .2 a 

Weight gain (g p rawn- 1 ) 1 1 .9±0.3 a 1 2. 1  ±0.3 a 1 0.4±0.3 b 

Final biomass (g m·2) 1 99.5±4.0 a 1 97.2±6.4 ab 1 77.0±5.2 b 

Biomass gain (g m·2) 1 65.9±4.0 a 1 63.5±6.2 ab 1 43.5±5.2 b 

Food consumption 
(% biomass d· 1)  2.5 = 0. 1  a - 2.6±0. 1  a 2.7±0 . 1  a 

sa• 0.97±0.03 . 1 .01 ±0.04 ab 1 . 1 3 ± 0.04 b 

Drain harvest efficiency 

2 

3 
4 

5 

(%)3.5 85.0±3.3 a 74.3±6.5 ab 50.3± 1 0.4 b 

Data are means ± SE (n=8  replicate pools for P and n =4  repl icate 
pools each for B and BF) . Within a row, means sharing a letter in the 
superscript are not significantly different {P >0.05) 
Although benthic  algal blooms were stimulated in itially, extensive 
b looms of the fi lamentous alga Enteromorpha sp developed 
Data transformed arcsine {x0·5) prior to statistical analysis 
S = total weight of feed added to pools/prawns·1 biomass gain 
{Parker 1 987) 
Drain harvest efficiency = number of prawns {expressed as a 
percentage of total recovered) that were drain harvested through a 
1 OOmm d iameter outlet 
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TABLE 2 

Water quality in  model farming ponds (pools) with d ifferent dominant algal 
blooms1 • 

Ind ice 

Morning DO (mg 1· 1 ) 

Afternoon DO (mg 1· 1 ) 

Morning pH  

Afternoon pH  

Ammonia (µg TAN 1· 1 )a.4 

Nitrite plus nitrate 
(µg N t1)4 

Reactive phosphorous 
(µg p 1- 1 )  

Chlorophyll a (µg 1· 1 ) 4  

Chlorophyl l b (µg 1· 1 ) 4  

Chlorophyll c (µg 1 · 1 ) 4  

Pheophytin  (µg 1· 1 ) 4  

Dominant algal bloom 

Phyto-
plankton 
(P) 

6 .3±0. 1 a 

8.3± 0.2 ab 

8. 1 ±0. 1  a 

8.3±0. 1  8 

384. 3 ::= 48.4a 

Benthic 
algae 
(B) 

6 .0±0.04 a 

7.6±0.2 a 

8.0± 0.04 8 

8.2± 0.04 a 

42.7::= 1 6.0 b 

298.5=43.S- 4.9::=0.3 b 

Fi lamentous 
algae2 
(BF) 

6.7±0.5 a 

9. 1 ±0.6  b 

8 .5±0.2 8 

8.6±0.2 8 

1 1 . 0::=2.0 b 

3.3:::0.8 b 

506.9::=26.38 1 1 0.4±24.8b 238.4±37.6 b 

1 6.0± 1 .9 a 1 2.3±0.9  8 4.7± 0.8  b 

4.0± 0.4 8 1 .6±0.3 b 0.9±0.2 b 

4.4±0.7 8 4.8±0.4 8 2.0±0.4 8 

1 4.4± 1 . 7  a 1 0.8±0.9  b 4.3±0.7 b 

Data are means ± SE (n = 8  repl icate pools for P and n = 4  replicate 
pools each for B and BF) .  With in a row, means sharing a letter in the 
superscript are not significantly different (P > 0 .05) 

2 

3 
4 

Although benthic algal blooms were stimulated initial ly, extensive 
blooms of the fi lamentous alga Enteromorpha sp developed 
TAN = total ammonia n itrogen 
Data transformed ( log x) prior to analysis 



Figure 1 

9 1  

Growth of Penaeus mon�don in modei prawn farming ponds 
over 56 days with different algal management strategies. o 
average for all treatments; � phytoplankton pools (P) ; • 
benthic algal pools (B) ; • benthic algal pools where extensive 
blooms of the filamentous alga Enteromorpha sp also 
developed (BF) . Symbols represent the mean of n=S pools for 
P and n = 4  pools for B and for BF. Bars represent standard 
error of the mean. 
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3.3 Effects of stocking density on production of Penaeus monodon Fabricius in 
model farming ponds 

ABSTRACT 

Al lan , G. L. and Maguire, G. B. Effects of stocking density on production of 
Penaeus monodon Fabricius in model farming ponds. 

Sixteen 3.5m diameter, 1 .2m high fibreglass pools with sediment were used as 
model prawn farming ponds to investigate the effects of four stocking densities (5, 
1 5, 25, and 40 prawns m-2) on prawn survival , growth and biomass gain ,  water 
qual ity, natural food resources, prawn feeding behaviour and economic return. 
Prawn survival was high ( > 88%) and unaffected (P > 0.05) by density and there was 
a significant (P < 0.05) decreasing exponential relationship between weight gain and 
density (y= 9_ 1 77e-0·0103x1 ;  r= -0.88) and a significant (P< 0.001 ) increasing l inear 
relationship between final total biomass (g m-2) and density (y=21 .044+8.348x; 
r=0.99) . Biomass gain ,  apparent food consumption (feed input) and food 
conversion ratio increased (P < 0.001 ) as density increased. A simple economic 
analysis indicated that returns were affected by density (P< 0.01 ) ,  but, differences 
among more profitable treatments ( 1 5, 25 and 40 prawns m-2) were not significant 
(P > 0.05) . D issolved oxygen and concentration of algal pigments were affected by 
density (P < 0.001 ) ,  although, density-related effects on water quality did not explain 
reductions in prawn growth with increased density. The population density of 
macrobenthos, but not meiobenthos, within the sediment layer in each pool 
declined with increasing stocking density, however, the decline in growth of prawns 
at higher densities may have been due to decreased grazing activity as indicated 
by the number of stomachs containing neither natural nor supplementary feed. 

INTRODUCTION 

Penaeus monodon is the most widely cultivated prawn both worldwide 
(Rosenberry, 1 991 ) and in Australia (Maguire and Allan , in press) . Although a 
number of studies have investigated the effects of stocking density for this species, 
they have usually either been for nursery culture (Ravichandran et al . ,  1 982; Tabbu, 
1 985) , extensive culture in combination with milkfish (Primavera et al . ,  1 976; 
Ranoemihardjo  et al . ,  1 980; Eldani and Primavera, 1 981 ) or ,  have only considered 
relatively low maximum densities eg 20 prawns m-2 or less (Apud et al . ,  1 981 ; 
Verghese et al . ,  1 982; Tiro et al . ,  1 986) . 

Increasing the stocking density of fish or crustaceans in ponds usually exacerbates 
problems with water quality and sediment deterioration (Avnimelech et al . ,  1 981 ; 
Emmerson and Andrews, 1 981 ; Chien and Lai ,  1 988; Hopkins et al . ,  1 988; Wyban 
and Sweeney, 1 989) . However, avai lable l iterature does not discuss the effects of 
stocking density on water qual ity, natural food resources or feeding behaviour in P. 
monodon farming ponds. Increasing density also increases the susceptibil ity of 
prawns to disease (Hanson and Goodwin ,  1 977; Baticados et al . ,  1 986; 
Doubrousky et al . ,  1 988) . In addition, increasing the density raises pressure on 
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natural food resources (Hopkins et al . ,  1 988) and, as food conversion efficiency is 
often reduced (Sandifer et al . ,  1 987) , the total feed costs rise (New, 1 987) . 
Conversely, optimum returns on capital and labour depend upon using the highest 
possible stocking densities which are consistent with good survival and growth 
(Hanson and Goodwin,  1 977) . Hardman et al. ( 1 991 ) found that the profitabil ity of 
prawn farming in Austral ia was extremely sensitive to market price, yield and farm 
size and stressed the importance of stocking density on yield. 

Trials in replicated model prawn farming ponds provide consistent estimates of 
major inputs (Maguire and Allan , 1 985) yet no studies have assessed the impact of 
stocking density on estimated returns for P. monodon farming using these 
systems. The aims of this study were to investigate the effects of stocking density 
in model ponds on ( 1 ) survival , growth and production of prawns, (2) relative 
economic return , (3) pond water quality, and (4) natural food resources 
(macrofauna and meiofauna) and feeding behaviour. 

MATERIALS AND M ETHODS 

Experimental facilities and procedures 

This study was carried out at the Brackish Water Fish Culture Research Station at 
Port Stephens, New South Wales (NSW) , Austral ia (32° 45'S, 1 52° 04'E) . Sixteen 
3.5 m diameter, 1 .2 m high fibreglass pools were used as model prawn farming 
ponds. A 1 00 mm deep layer of sediment with 0.6 % organic matter (dry weight) 
was placed in each pool .  Particle size analysis (Folk, 1 980) indicated that 92 % of 
this sediment had a grain size of 0.25 - 1 .0 mm diameter, 6.4 % was 0.063 - 0.25 
mm diameter and 1 .6 % was <0.063 mm diameter. To help stimulate an algal 
bloom and the production of natural food organisms, pools were fertil ised two 
weeks prior to stocking at a rate of 86 kg ha- 1  Aquasol (Trade mark of Hortico Pty 
Ltd, Raymond Road, Laverton North, Victoria, 3026, Austral ia; N :P :K=23:4: 1 8  with 
trace ammounts of Zn, Cu, Mo, Mn, Fe and B) and 4 kg ha·1 Di-ammonium 
phosphate (OAP; Greenleaf Fertilisers Pty Ltd, Heron Road, Kooragang Island, 
NSW, 2304; N :P : K=20:20:0) . Each pool was managed on an individual basis and 
further additions of ferti l iser were made when measurements of dissolved oxygen 
(DO) , pH and/or the concentration of algal pigments indicated a reduction in  algal 
density. Similarly, water exchange was used to di lute excessive blooms or provide 
wel l  oxygenated water when DO concentrations were low (e.g .  morning 
concentrations < 5.0 mg 1- 1 )  (Fig . 1 A) .  

Juveni le prawns (mean weight 3.5 g ,  range 2.0 - 5.6 g )  were obtained from a 
commercial prawn farm. Groups of 25 prawns were blotted dry, weighed and 
stocked into pools until the required densities were reached. Four treatments, 
each with four randomly allocated repl icate pools, were established with stocking 
densities of 5, 1 5, 25 and 40 prawns m·2• On each of the first four days all pools 
were drained to 50 % volume to allow the estimation of post-stocking mortal ity and 
the dead prawns (3 in total) were removed and replaced with l ive prawns of a 
simi lar size. The experiment ran for 59 days from February - April 1 988 and was 
terminated because of decl in ing water temperatures. 
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An air compressor supplying two airstone diffusers per pool (average flow rate = 

1 .0 I min· 1  for each diffuser) was used for aeration and, fol lowing reduced DO 
concentrations in pools stocked at 40 prawns m·2 (morning concentrations < 5.0 
mg 1- 1 )  during Week 1 ,  longer dai ly periods of aeration were provided. Average 
rates of aeration for treatments with 5, 1 5, and 25 prawn m·2 were 7.3 h day1 and 
1 2.0 h day- 1 for pools with 40 prawns m·2• With the exception of a one hour period 
of aeration between 1 500 h and 1 600 h to all pools to simulate prevai l ing afternoon 
winds, al l aeration was provided between 2200 h and 0900 h. 

Every two weeks a sample of prawns (n > 1 0  % of total population) was taken from 
each pool and an average individual weight determined. These prawns were 
returned to the pools. Prawns were fed a commercial ly avai lable diet imported 
from Taiwan (46.7 % protein [Nx6.25, dry basis] ; 9 .3 % moisture) , in itial ly at a rate 
of 4 % biomass day- 1 , twice daily; 33.3 % of the ration in the morning and 66.7 % in 
the evening. The average total inputs of nitrogen and phosphorus, from both feed 
and ferti l izer, for each treatment, are g iven in Fig. 1 B.  Food consumption was 
monitored visual ly twice daily using one (0.6 m2) plastic mesh tray per pool 
supplied with an amount of feed proportional to its size and, together with biomass 
estimates based on bi-weekly prawn size sampl ing , used to adj ust feed rates. 

At the termination of the experiment, the ponds were drained, the prawns col lected, 
and survival , average individual harvest weight for each gender, average individual 
weight gain and total biomass gain were calculated for each pool .  

The total quantity of food added to each pond was used as an estimate of food 
consumption .  The conversion ratio (S) for supplementary feed, (in the presence of 
natural food) , was estimated using a formula similar to that described by Parker 
( 1 987) : 

s = weight of feed added to pond 

prawn biomass gain 

This inverse index, which is equivalent to apparent food conversion ratio (AFCR) 
(New, 1 987) , overestimates the energetic efficiency of food conversion, because the 
contribution made by natural food organisms is not considered (Parker, 1 987) but 
it is useful for comparing inputs and outputs. The average input of feed for each 
treatment is given in Fig 1 C .  

The relative economic performance for each treatment was estimated using a 
economic model which included costs for stock, feed, and electricity for pumping 
and aeration , and value of prawns produced. Electricity costs for pumping and 
aeration were included to take into account increased costs of maintaining water 
qual ity associated with high density culture. However, the model did not include 
costs associated with capital and labour which can also increase with density 
(Hardman et al . ,  1 991  ) .  The estimate for the cost of stock (A$0.35 prawn-1 }  was 
relatively high to take into account the large size (3.5 g average initial weight) of 



96 

prawns used. The estimate for feed cost (A$1 420 t 1 )  was based on prices for 
Taiwanese prawn pel lets in Australia in 1 990 (Maguire, 1 990) . Electricity costs were 
calculated based on rates (A$0.07 kW-1h- 1 ) and performance estimates for 50 kW 
electric water pumps and 1 kW paddle wheel aerators in use at a prawn farm in 
northern NSW (28 ha of ponds) . As the market value of prawns depends on size, 
the estimate for value of prawns from each pool was adj usted according to 
average individual prawn weight at harvest. A base price of A$8 kg-1 was adj usted 
by A$0.25 for every 1 g above or below an average individual final weight of 1 O g 
prawn- 1 • This simple size/price model was considered accurate for prawns in the 
9.5 - 1 3.5 g size range but may have overestimated the value of larger  prawns, eg 
> 1 8  g .  

Water quality analyses 

Temperature, DO and pH were measured twice daily (morning 0700-0900 and 
afternoon 1 600-1 800) using a Yeokal (Yeokal Electronics ,  Brookvale, NSW, 21 00) 
model 603 DO/T meter and an Orion (Orion Research Inc. , Main Street, Boston, MA 
021 29, USA) pH/mV meter with a Ross (Orion Research Inc.) combination glass 
electrode. Salinity was measured regularly using a Yeokal temperature/sal inity 
conductivity meter. All meters were regularly cal ibrated as described by Allan et al . 
( 1 990) . Concentrations of the pigments chlorophyll a, b and c and pheophytin 
were measured every three or four days using the spectrophotometric methods 
described by Major et al . ( 1 972) . As all major groups of phytoplankton contain the 
pigment chlorophyll a (Jeffrey and Vesk, 1 981 ) ,  the concentration of this pigment 
was measured to provide an indication of the abundance of l ive phytoplankton in 
each pool at the time of each sampling. The concentration of chlorophyll b and c 
were measured to indicate relative abundance of various divisions of phytoplankton 
which contain either or both of these pigments (Jeffrey, 1 981 ) .  Pheophytin ,  a 
degredation product of chlorophyl l  a (Jeffrey, 1 981 ) ,  was measured to indicate 
algal senescence. Nutrients were measured during Week 1 ,  Week 5 and Week 8 
using the methods described by Dai Pont et al . ( 1 974) for ammonia and by Major 
et al . ( 1 972) for n itrite p lus nitrate and reactive phosphorus. 

Macrobenthos and meiobenthos 

For macrobenthos estimates, two cores (92 mm diameter; 1 00 mm deep) were 
taken from each pool and combined for each sample. One sample was taken from 
each pool at the end of the experiment. Each sample was sieved through a 500 
µm screen to separate macrofauna and detritus from sediment and the 
macrobenthos were identified and counted after preservation in 1 0% buffered formal in. 
For meiobenthos estimates, two cores (26 mm diameter; 20 mm deep) were taken 
from each pool and combined for each sample. Each sample was preserved in a 
1 O % buffered formal in solution and stained with rose bengal. Three samples were 
taken from each pool at the end of the experiment. Prior to analysis each 70 ml 
sample container was fi l led with disti l led water, shaken vigorously and then the 
supernatant (including the water and organics) quickly decanted. This procedure 
was repeated at least five times. Microscopic examination revealed very few or no 
animals left in the remaining sediment after this treatment. The organic material 
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was washed through two seives,  a 500 µm screen to separate macrobenthos and 
large detritus and a 63 µm screen to retain meiobenthos. 

Prawn stomach contents 

After harvest, 1 5  prawns from each pool were preserved in 1 0  % buffered formal in .  
The stomachs were dissected and the contents observed under a binocular 
microscope. The occurrence method (Hyslop, 1 980) was used to quantify the 
effect of stocking density on feeding behaviour. For each treatment the number of 
stomachs containing one or more individuals of each food category was expressed 
as a percentage of the total number of stomachs examined. The number of empty 
stomachs for each repl icate pool was also recorded. 

Statistical analysis 

Two-factor ANOVA was used to investigate whether treatment, gender or the 
interaction between treatment and gender affected average individual prawn weight 
gain. Differences in other prawn performance indices and water qual ity variables 
among treatments were assessed using single-factor ANOV A. Where differences 
were significant (P< 0.05) comparisons between means were made using Tukey's 
w (Winer, 1 971 ). Homogeneity of variance was assessed using Cochran 's test 
(Winer, 1 971 ) .  To satisfy the assumptions of normal ity and/or homogeneity of 
variance, the fol lowing transformations were performed prior to statistical analysis :  
Survival and S - (arcsine [x0·5] ) ; final biomass, biomass gain ,  ammonia, n itrite plus 
n itrate, reactive phosphorus, chlorophyll - a, b and c and pheophytin 
concentrations - (log x) . 

Regression analysis was used to model the effects of stocking density on weight 
gain and final biomass. A one-sample Chi-square test was used to determine 
whether the total number of empty stomachs for each treatment differed from the 
mean number of empty stomachs for all treatments. 

RESULTS 

Prawn performance indicators 

Treatment (P <0.001 ) and gender (P < 0.05) both affected average individual prawn 
weight gain and females grew faster than males in al l treatments (average for al l 
treatments : females 1 1 .2 g, males 1 0.7 g) . As the interaction between treatment 
and gender was not s ignificant (P > 0.05) and, as there was no effect (P >0.05) of 
density on sex ratio, data for both males and females were combined to assess 
effects of treatment on prawn weight gain. 

Survival rates were high (>88 %) and unaffected (P > 0.05) by stocking density. 
Average individual prawn weight gain was reduced (P < 0.001 ) as stocking density 
increased and there was a significant (P < 0.05) decreasing exponential relationship 
(y=9. 1 77e ·0·0103x r=-0.88) between growth (weight gain) and density (Fig . 2A) . 
Final biomass increased l inearly (y=21 .044 + 8.348x; r=0.99) as density increased 
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(P < 0.001 ) (Fig . 28) . Simi larly, biomass gain (Fig . 28) , apparent food consumption 
(as indicated by feed input, Fig. 1 C) and S (Fig. 2C) al l increased (P < 0.001 ) as 
density increased . Economic return was also affected (P < 0.01 ) by density with the 
highest, and similar (P >0.05) , returns recorded at densities of 1 5, 25 and 40 
prawns m·2 and the lowest return (P < 0.05) at 5 prawns m·2 (Fig . 2D) . Density had 
no effect (P >0.05) on size range for either gender. The average size ranges for 
males and females were 6.0 g (range 4.5 - 8.0 g) and 6.4 g (range 4.5 - 8 .4 g) 
respectively. 

Water quality 

For al l pools, average sal in ity was 30.4 %0 (range 26.0 - 35.0 %0) and morning and 
afternoon temperatures were 21 .8 °C (range 1 6.9 - 26.2 °C) and 24. 1 °C (range 
1 7.9-29. 1 °C) in that order. For al l  treatments, morning DO concentrations were 
always above 4.2 mg 1· 1 , however, those stocked at 40 prawns m·2 had significantly 
lower (P< 0.05) morning DO than all other treatments (Fig. 3A) . Afternoon DO 
concentrations were lower (P < 0.05) in the pools stocked at the lowest density (F ig.  
3A) . Morning and afternoon pH values ranged from 7.3 - 9.0 and 8. 1 - 9.3 
respectively, and were unaffected (P >0.05) by density. Although average ammonia 
concentrations increased markedly as density increased, differences between 
treatments were not significant (P >0.05) (mean ± standard error 1 2.9  ± 3. 1 ,  46.0 
± 38.6, 37.3 ± 33.8  and 1 47.4 ± 96.6  µg total ammonia - nitrogen [TAN] 1· 1 , for 5, 
1 5, 25 and 40 prawns m·2 respectively) . Simi larly, n itrite plus nitrate (range for al l 
pools 0 - 67 µg N02 + N03 - N 1- 1 )  and reactive phosphorus (range for al l pools O -
1 03 µg P04 - P 1· 1 )  were unaffected (P >0.05) by density. Phytoplankton blooms, as 
indicated by the concentration of chlorophyll a, were most intense in the most 
densely stocked pools which received the highest inputs of nutrients (Fig. 38) . 
Similarly, chlorophyll c ( 1 4.6 ± 2.3, 34.2 ± 5.2, 40.8 ± 8.7 and 59.8 ± 4.9 µg 1·1 for 
5, 1 5, 25 and 40 prawns m·2 in  that order) and pheophytin (Fig. 3C) increased 
(P < 0.05) with density. However, chlorophyl l b (range for all pools 0 - 67 µg 1· 1 ) was 
unaffected (P > 0.05) by density. 

Weekly microscopic examination of the species composition of the algal blooms 
indicated that the blooms in al l pools were dominated by the Divisions 
Chrysophyta, Dinophyta and 8aci l lariophyta. Chlorophyts were relatively scarce, a 
finding consistent with the low concentration of chlorophyll b in al l pools. 

Macrobenthos and meiobenthos 

The major categories of macrobenthos and meiobenthos found in the pool 
sediment and prawn stomachs were classified to class level (Table 1 ). Polychaetes 
dominated the macrobenthos in pools stocked at the lowest density and average 
numbers of polychaetes for this treatment were much greater than for any other 
treatment (Fig . 4A) . With the exception of algae, which was present in simi lar 
amounts in al l treatments,  al l major categories of macrobenthos were more 
abundant in treatments with 5 or 1 5  prawns m·2 (Fig. 4A) . Numerically, the most 
abundant categories of meiobenthos ; diatoms, others (including forams, ostracods, 
eggs, amphipods, cirripeds and hydrozoans) and ci l iates, were most plentiful in the 

I 
f 

I 

I 

I 

I 

I 

I 
I 
I 
I 
l 

I 
J 



I 
I 
I 

99 

sediment of pools stocked at 25 prawns m-2, whi le nematodes were most abundant 
in pools stocked at 40 prawns m-2• Copepods were found in similar numbers in all 
treatments (Fig. 48) . 

Prawn stomach contents 

The total number of prawns with empty stomachs for treatments stocked with 5 ,  1 5, 
25 and 40 prawns m·2 were 7, 4, 7 and 1 8  in that order. The treatment effect 
(based on a nul l  hypothesis of 1 : 1  : 1  : 1 )  was significant (x2= 1 2.7, df=3, P < 0.01 ) .  
Similarly, considerable variation was recorded i n  stomach contents among pools 
both within a treatment level and between treatment levels. However, for al l 
treatment levels supplementary food was found in more stomachs than any other 
food category. The number of stomachs which contained the major food 
categories , such as supplementary feed, copepods, others and algae was also 
greatest for the pools stocked at the lowest density, and , tended to decrease as 
density increased (Fig. 4C) . 

D ISCUSSION 

An increase in stocking density from 5 to 40 prawns m-2 had no effect (P > 0.05) on 
survival of P. monodon. Similarly, Sandifer et al . ( 1 987) (average initial weight 1 .3g 
and densities of 1 0-40 prawns m·2) and Wyban et al . ( 1 987) (average in itial weight 
2.7g and densities of 5-20 prawns m·2) found density had no effect (P >0.05) on 
survival for P. vannamei. However, these results were in contrast to those reported 
by Apud et al. ( 1 98 1 ) who found that increasing density of P. monodon ( in itial 
weight 0.5 g) from 2.5 to 20 prawns m-2 resulted in s light but significant (P<0.05) 
reductions in survival . During the present study, maximum growth rates for P. 
monodon (0. 1 6  g day1 )  were relatively slow (Liao, 1 977; Chen et al . ,  1 989) 
probably because water temperatures were below the optimum for this species 
(27-33°C [Maguire and Al lan, unpubl ished data]) .  However,  growth rates were not 
dissimilar to average results (0. 1 7  g day1)  for commercial ponds stocked with P. 
monodon in NSW (Allan, 1 989) . 

As with results from other penaeid studies (Apud et al . ,  1 981 ; Maguire and 
Leedow, 1 983; Sandifer et al . ,  1 987; Wyban et al . ,  1 987) growth decl ined and yield 
increased as density increased . The exponential decay model used here is 
consistent with that adopted by Maguire and Leedow ( 1 983) , for Metapenaeus 
mac/eayi and Edwards ( 1 977) for P. vannamei. Increased prevalence of disease 
has been associated with increased stocking density (Hanson and Goodwin 1 977; 
Baticados et al . ,  1 986; Doubrousky et al . ,  1 988) but there was no evidence of any 
disease during the present study. Minimum DO was always wel l  above lethal (Al lan 
and Maguire, 1 99 1 ) or growth l imiting (Seidman and Lawrence, 1 985) 
concentrations for P. monodon but was lower (morning concentrations) at higher 
densities (P< 0.05) (Fig. 3A) . Simi larly, bui ld-up of metabolic waste products during 
this experiment is unl ikely to have affected growth. There was a trend towards 
average ammonia concentration increasing with density, however, it was not 
significant (P >0.05) and the maximum ammonia concentrations recorded were well 
below those reported to have reduced growth or survival of P. monodon (Al lan et 
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al . ,  1 990) . Nitrite plus nitrate also remained well below growth inhibiting 
concentrations (Wickins, 1 976) . The increase in the input of nutrients with density 
(Fig. 1 8) ,  largely as a result of the increase in supplementary food added, did not 
lead to significant increases in  measured nutrient concentrations in the water 
column,  probably due to rapid uptake of nutrients by phytoplankton. The intensity 
of the blooms, as indicated by the concentration of the pigments chlorophyll a and 
pheophytin ,  increased (P< 0.05) with density (Figs. 38 & 3C) . There is no evidence 
that high concentrations of plant pigments are associated with growth depression. 
In fact, Allan and Maguire (unpubl ished data) found that, whi le low water exchange 
rates increased plant pigment concentrations, growth of Metapenaeus mac/eayi 
was unaffected (P >0.05) . 

The importance of natural food items in the diet of penaeid prawns has been 
stressed (Maguire and Bell, 1 981 ; Li lyestrom and Romaire, 1 987; Raymond and 
Legardere, 1 990) and Anderson et al. ( 1 987) estimated that between 53 and 77% 
of P. vannamei growth, in cages stocked at 20 prawns m·2 within nursery ponds, 
was due to grazing on pond biota. A reduction in the avai labi l ity of natural food at 
h igh stocking densities as a resu lt of increased grazing pressure has been 
suggested as contributing to growth reductions (Hanson and Goodwin,  1 977; 
Maguire and Leedow, 1 983) and Ordner and Lawrence ( 1 987) found that 
populations of polychaetes in penaeid prawn farming ponds declined as prawn 
density and grazing pressure increased. The abundance of macrofauna in the 
present study was clearly affected by density (Fig. 4A) . As in other studies in 
penaeid prawn farming ponds (Rubright, 1 978; Maguire et al . ,  1 984; Ordner and 
Lawrence, 1 987) , the macrofauna in ponds stocked at low or moderate densities 
(5-25 prawns m·2) was dominated by polychaetes. In the present study polychaete 
numbers declined ( 1 241 , 263, 1 32  and 0 m ·2) as density increased (5, 1 5, 25 and 
40 prawns m·2 in that order) . For all other major categories of macrobenthos, 
except for insect remains, a s imilar trend of decreasing abundance with increasing 
stocking density was evident (Fig . 4A) . 

With the exception of copepods, present in simi lar numbers in pools at all 
densities, numbers of the major groups of meiobenthos were highest at densities 
of e ither 25 or 40 prawns m·2 (Fig. 48) . A reduction in the availabil ity of natural 
food organisms (macrobenthos and/or meiobenthos) may also occur following 
adverse environmental conditions which can develop in high density systems. 
Josefson and Widbom (1 988) found that during hypoxic conditions in a natural 
environment the macrofaunal component of the benthic community disappeared, 
although, the meiofaunal component was unaffected.  Although low DO 
concentrations were not recorded in the water column during this study, sediment 
deterioration was clearly related to density and low DO concentrations may have 
occurred in interstitial waters, especially in pools stocked at high densities. A 
reduction in the growth of Macrobrachium rosenbergii, as density increased to 31 
prawns m·2, was attributed to the deterioration in surface sediments and an 
increase in nitrogenous wastes (Chien and Lai , 1 988) . 
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The importance of polychaetes in the d iet of prawns in ponds has also been 
stressed (Rubright, 1 978; Maguire and Bell, 1 981 ; Rubright et al . ,  1 981 ; Maguire et 
al . ,  1 984; Nailon, 1 985) . However, one of the major problems with stomach content 
analysis in that only recently ingested material is easily identifiable and often large 
masses of unidentified organic material are recorded (Schroeder, 1 983; Lilyestrom 
and Romaire, 1 987) . The number of stomachs containing food decreased as 
density increased (Fig . 4C) . A decrease in the availability of natural food items with 
increased density, as a result of increased grazing pressure, or changes in the 
benthic community structure, may explain the reduced presence of natural food 
organisms in prawn stomachs but not the reduction in supplementary food or the 
increase in the number of empty stomachs. These results suggest that feeding 
activity was reduced as density increased, independent of the availabil ity of food. 
Feed input, adjusted on the basis of feed tray results, actually increased with 
density (Fig. 1 C) casting doubt on the reliabil ity of feeding trays as a method for 
estimating food consumption. In a subsequent experiment in the same pools with 
P. monodon, feeding trays did not indicate overfeeding (they were usually empty) , 
despite S values of as high as 5. 1 being recorded. Prawns appeared to feed 
preferentially from the trays, possibly using these as a refuge from reduced pond 
sediment (Al lan, Moriarty and Maguire, unpubl ished data) . 

In fish farming ponds receiving supplementary feed, reduced grazing by fish on 
natural pond biota over time, even where large amounts of natural food were 
present, was associated with deteriorating sediments and the development of 
anaerobic bottom conditions, (Avnimelech et al . ,  1 981 ) .  The possibi l ity of reduced 
grazing activity in pools · stocked at higher densities represents an alternative to the 
hypothesis that growth declined at higher densities because of competition for 
natural food. 

During this study, maximum economic return was recorded in pools stocked at 
1 5-40 prawns m-2 (Fig. 20) . Chiang et al. ( 1 986) analysed the economics of P. 
monodon culture in Taiwan and found that maximum return on investment was 
predicted at 30-40 prawns m-2• However, it should be noted that higher land costs 
in Taiwan compared to Australia (Chiang et al , 1 986; Hardman et al . ,  1 991 ) would 
favour a high stocking density strategy. Maguire and Leedow (1 983) found that for 
Metapenaeus macleayi, economic return increased with density up to 1 8.2 prawns 
m-2 fol lowed by a sl ight but non-significant (P >0.05) reduction at 21 .2 prawns m-2• 
Conversely, Pardy et al. ( 1 983) found that economic returns above selected costs 
(RASC) were greatest at lower densities . Maximum RASC was obtained at 
approximately 9.9 prawns m-2 for P. stylirostris and 1 3.6 prawns m-2 for P. vannamei 
(Pardy et al . ,  1 983) . It should be noted that although P. monodon are sometimes 
marketed in Austral ia at a similar size to those harvested during this study, the 
preferred size is considerably larger e .g . ,  >25 g. Had water temperatures been 
higher, allowing the experiment to continue, it is l ikely that economic return at the 
higher densities would have deteriorated due to lower growth rates. In addition, as 
maintaining water quality is more difficult in ponds stocked at higher densities 
(Sandifer et al . ,  1 987; Hopkins et al . ,  1 988) , and disease risk is l ikely to increase 
(Hanson and Goodwin ,  1 977) , recommended stocking densities for P. monodon, 
grown under similar conditions, to those described here, would be 1 5-25 prawns 
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m·2. The choice of optimum stocking density will however also depend upon the 
intended market size of prawns and on the number of crops per year which the 
prawn farmer intends to grow (Treadwell et al . ,  1 991 ) .  

In eastern Austral ia, commercial prawn farmers are subject to regulations governing 
nutrient and algal levels in discharge (effluent) water (Al lan and Magui re ,  1 987; 
Mitchell , 1 987) . The effect of increasing stocking density on effluent can be 
estimated by multiplying the total quantity of water released during water exchange 
by the average concentrations of nutrients (total ammonia - N,  [N02 + NO:J - N 
and total P) and chlorophyll a. As density increased from 5 to 40 prawns m·2, total 
nitrogen and algal output levels increased by approximately 795 % and 640 % 
respectively, while total phosphorus increased by approximately 45 % .  As, with the 
same increase in density, final biomass increased by 520 %, the total n itrogen and 
chlorophyll a levels in the effluent, per kg of prawns produced, increased with 
density while phosphorus concentration decreased. However, a proportion of this 
phosphorus would have remained in algal cells or been absorbed onto pool 
sediments (Boyd, 1 982) . The use of high stocking densities in P. monodon ponds 
involves the input of large amounts of nutrients, often in a situation where sal inity 
levels are being del iberately or inadvertantly reduced. These conditions can be 
conducive to the development of toxic algal blooms (Shumway, 1 990) which are of 
concern to prawn farmers and regulatory authorities. This issue also highl ights the 
economic risks associated with increasing stocking densities. 
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TABLE 1 

Maj or categories of benthos and their relative abundance in macrobenthos, 
meiobenthos and prawn stomach samples 

Benthos1 Relative abundance2 

Phylum Chlorophyta 
Phylum Chryosphyta 

Class Baci l lariophyceae 
Superphylum Protozoa 

Phylum Sarcodina 
Class Rh izopoda 

Phyl ium Ci l iophora 
Class Ci l iatea 

Phylum Cnideria 
Class Hydrozoa 

Phylum Nematoda 
Class Adenophora 

Phylum Mol lusca 
Class Gastropoda 
Class Bivalvia 

Phylum Annel ida 
Class Polychaeta 

Phylum Arthropoda 
Subphylum Crustacea 
Class Ostracoda 
Class Copepoda 
Class Cirr ipedia 
Class Amphipoda 
Class Decapoda3 
Class lnsecta 

Phylum Bryozoa 
Class Gymnolaemata 

Macro
benthos 

N 

N 

R 

N 

N 

N 

N 
A 

A 

N 
N 
N 
N 
N 
c 

R 

Meio
benthos 

A 

A 

A 

A 

R 

A 

R 
c 

c 

A 
A 
R 
R 
N 
N 

N 

Organisms were usual ly only classified to class 

2 N = none found,  R = rare, C = common, A = abundant 

Prawn 
stomachs 

R 

R 

A 

N 

R 

N 

R 
R 

R 

R 
A 
N 
N 
c 
c 

N 

3 Moults from prawns were most common, although some prawn tissue was 
found in stomachs 



Figure 1 

1 0 8  

Water exchange rates and total input of nutrients for model prawn 
farming ponds stocked with Penaeus monodon at different densities : 
A) water exchange rate , B) total input of nutrients ; • = total nitrogen 
(g N m-2) ,  • = total phosphorus (g P m-2) , C) Feed input. Symbols 
are means and vertical bars are standard errors of the means for n = 

4 repl icate ponds . Means sharing a s imilar letter are not significantly 
d ifferent (P > 0.05) . 
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Figure 2 

1 1 0  

Production results for model prawn farming ponds stocked with 
Penaeus monodon at d ifferent densities : A) average individual weight 

gain ,  8) biomass ;  • = final biomass, • = b iomass gai n ,  C) 
supplementary food conversion ratio (S) , and d) economic return. 
Symbols are means and vertical bars are standard errors of the 
means for n = 4 repl icate ponds. Means sharing a similar letter are 
not s ign ificantly different (P > 0.05) . 
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Figure 3 

1 1 2 

Water qual ity in  model  prawn farming ponds stocked with Penaeus 
monodon at d ifferent dens it ies : A) dissolved oxygen; • = afternoon 
ievels ,  • = morning leve ls ,  B) chlorophyl l  a concentration, and C) 
pheophytin concentration.  Symbols are means and vertical bars are 
standard errors of the means for n = 4 replicate ponds. Means 
sharing a s imi lar letter are not s ignificantly different (P >0.05) . 
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Figure 4 

1 1 4  

Macrobenth o s ,  meiobenthos and prawn stomach contents in model 
prawn farming ponds stocked with Penaeus monodon at d ifferent 
densities : A) macrobenth o s ,  B) meiobenthos, and C) prawn stomach 
contents. 
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3.4 Effects of pond preparation and feeding rate on production of Penaeus 
monodon Fabricus, water quality, bacteria and benthos in model farming 
ponds 

ABSTRACT 

Allan , G. L. , Moriarty, D. J. W. and Maguire, G. B. Effects of pond 
preparation and feeding rate on production of Penaeus monodon Fabricius,  
water qual ity, bacteria and benthos in model farming ponds. 

Sixteen 3.5 m diameter, 1 .2 m high, fibreglass pools with sediment were used as 
model farming ponds to investigate the interactive effects of pond preparation and 
feeding rate on prawn production indices , apparent, water qual ity, bacterial 
dynamics, abundance of benthos and prawn feeding behaviour. Ponds were either 
ferti l is ing one month (prepared) or two days (unprepared) prior to stocking and 
average feed inputs simi lar to those recommended for commercial farms (5.0 % 
wet prawn biomass day·1 ; h igh rate) or half this rate (2.5-2.6 % day1 ; low rate) were 
used. Juveni le Penaeus monodon (2.0-7.5 g) , stocked at 1 5  prawns m·2, were 
cultured for 71 days. With the exception of one prepared, h igh feeding rate pond 
where mass mortality ( > 80 %) of prawns occurred fol lowing an interruption to 
aeration,  prawn survival was high ( > 86%) and unaffected by preparation, feeding 
rate or their interaction (P > 0.05) . Preparation resu lted in major (approximately 20 
%) increases in growth, biomass gain and S (P < 0.01 ) .  Growth was higher with the 
higher feeding rate (4 %) but biomass gain was not affected (P > 0.05) and ,  as S 
was much worse (P < 0.001 ) ,  the use of the lower feeding rates used here offers 
considerable scope to reduce feeding costs especially during cooler periods. 
There was no interaction (P < 0.05) in relation to growth between preparation and 
feeding rate. 

The interactive effects of preparation and feeding rate on pond water qual ity, 
bacterial dynamics ,  abundance of benthos and the effects of these variables on 
production of prawns are discussed. 

INTRODUCTION 

Almost all prawn farming occurs i n  earthen ponds and these can contain biota of 
nutritional value to prawns (Maguire and Bel l ,  1 981 ; Anderson et al . ,  1 987; 
Gonzales, 1 988; Raymond and Lagardere, 1 990; Rosenberry, 1 991 ) .  Maguire and 
Bell ( 1 981 ) found natural food items were a significant component of the stomach 
contents of school prawns (Metapenaeus macleaYJ) in earthern ponds while 
Reymond and Lagardere ( 1 990) found that in ponds with about 1 0  prawns m·2, 
naturally occurring prey were the largest food source for Penaeus japonicus, 
despite daily inputs of pellet feed. Gonzales ( 1 988} estimated that natural food 
contributed between 51 and 89 % of the total food intake for j uveni le (0.02 g 
prawn- 1 ) P. monodon. 
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Using the ratio of stable carbon isotopes as a naturally occurring tracer  to follow 
the metabolic pathways of food consumed, Anderson et al .  { 1 987) estimated that 
for j uveni le P. vannamei { initial weight 1 .5 g prawn-1 ) stocked at 20 prawns m·2, 
between 53 and 77 % of prawn growth over 28 days was due to grazing on pond 
biota. Conversely, Schroeder {1 983) measured the carbon isotope ratio of penaeid 
prawns {harvest weight approximately 1 5  g prawn-1 ) ,  supplementary feed 
ingredients and pond biota in lsreal i ponds (unspecified stocking density) and 
found that only selected components of the prawn pellets (corn and sorghum) 
were metabolised to any extent. It is possible, however, that a food chain via 
bacteria and/or meiofauna or small macrofauna developed between the feed pellets 
and prawns in these ponds. 

The ferti l isation of ponds to stimulate the production of natural food is used 
extensively in pond based aquaculture, partly as a method of sparing requirements 
for expensive supplementary diets (New, 1 987) . Most of the research investigating 
the effects of ferti l isation in penaeid prawn farming ponds has been conducted 
using low stocking densities { < 1 0  prawn m·2) and increased yields usually fol low 
ferti l isation (Rubright et al . ,  1 981 ; Garson et al . ,  1 986; Lanari et al. , 1 989) . In one 
case ferti l isation did not increase growth (Lee and Schlesser, 1 984) . Although 
recommendations exist for application rates for various fertil isers used in penaeid 
prawn farming ponds (Apud et al . ,  1 985; Cl ifford, 1 985) , the importance of ferti l ising 
ponds wel l in advance of stocking to allow the communities of natural food 
organisms time to develop has not been investigated. 

In several reviews of trophic pathways. The importance of bacteria and 
meiobenthos in aquaculture ponds or other aquatic ecosystems has been stressed 
as has the role of bacteria in decomposition and nutrient cycling and as a trophic 
l ink with meiobenthos and then prawns (Moriarty, 1 986a; Anderson, 1 987; Coleman 
and Edwards, 1 987; Fry, 1 987) . In ponds fertilised with chicken manure and used 
for the culture of P. monodon and P. merguiensis in Malayasia, Moriarty et al . 
( 1 987) and Moriarty ( 1 986a) found that the feed pellets were primarily the base for 
a microbial food chain rather than being used directly as a food for the prawns. 
Polychaetes and other benthic fauna are also important (Rubright, 1 978; Rubright 
et al . ,  1 981 ; Nailon,  1 985; Moriarty, 1 986a; Moriarty et al . ,  1 987; Ordner and 
Lawrence, 1 987) . The dynamics of bacteria and meiobenthos in ponds with 
differing types of pond preparation and feeding (feed input) rates have not been 
studied. 

Optimum feeding rates for maximum growth of P. monodon and P. merguiensis 
(0 . 1 - 1 . 8 g prawns- 1 )  in aquaria have been estimated as between (1 1 - 1 2  % prawn 
biomass per day as dry pel lets Lee, 1 971 ; Sedgwick, 1 979) . In pens within an 
earthen pond where prawns had access to natural food items, Maguire and 
Leedow (1 982) found the optimum feeding rate for maximum growth of 
Metapenaeus macleayi (3- 1 0 g prawn- 1 )  was 5 % of prawn biomass per day as dry 
pellets. 
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There are a number of recommended feeding rates for commercial culture of P. 
monodon (Table 1 ) , however, no studies were found which assessed optimum 
feeding rates for this species in earthen ponds (where prawns have access to 
natural food items) using nutritionally adequate diets. Akiyama and Chwang (1 990) 
recommended reduced rates of feeding where lower stocking densities were used, 
because of the contribution of natural food, but the interaction between feeding 
rate and pond preparation has not been investigated even though increased inputs 
of supplementary food might be necessary when ponds have not been adequately 
prepared. 

The obj actives of this study were firstly to assess whether preparing ponds, by 
fertilisation prior to stocking, enhanced production of natural food organisms and 
prawn growth, and, secondly to investigate the interactive effects of feeding rate 
and pond preparation on prawn growth and survival, pond water quality and 
natural food resources. 

MATERIALS AND METHODS 

Experimental facilities and procedures 

This study was carried out at the Brackish Water Fish Culture Research Station at 
Port Stephens, New South Wales (NSW), Australia (32° 45'S, 1 52° 04'E) . Sixteen 
3.5 m diameter, 1 .2  m high, fibreglass pools were used as model prawn farming 
ponds. A 1 00  mm deep layer of sediment containing 0.6 % organic matter was 
placed in each. The grain size characteristics of the sediment Folk (1 980) , were: 
0.25 - 1 .0 mm diameter - 92.0 %, 0.063 - 0.25 mm - 6.4 %, <0.063 mm - 1 .6 %. 
Juvenile prawns (mean 4.5 g, range 2.0 - 7 .5 g) were obtained from a commercial 
prawn farm on Micale Island, NSW. Groups of 25 prawns were blotted dry, with a 
sponge, weighed and stocked into pools at a density of 1 5  prawns m-2• During the 
first four days all pools were drained daily from 1 .0m depth to SO % volume to 
estimate post-stocking mortality and all dead prawns (ten in total) were replaced 
with live prawns of a similar size. The experiment was conducted for 71 days from 
20/1 - 31 /3/1 989 and was terminated when water temperatures declined. 

An air compressor supplying two air-stone diffusers per pool (average flow rate 
1 .0 I min-1 for each diffuser) was used for aeration. All pools were aerated for an 
average of 1 O h day1 ; 9 h between 2300 and 0800 h and 1 h between 1 500 and 
1 600 h. The latter period of aeration was provided to simulate the wind mixing of 
larger commercial prawn farming ponds in northern NSW which typically occurs in 
summer months as a result of prevailing north-easterly winds. Water exchange 
was provided to each pond when needed using dissolved oxygen (DO) and pH 
levels as a guide. 

Four treatment combinations, in a two x two factorial design, were established with 
four randomly allocated, replicate pools per treatment combination. The two 
factors were preparation (pools were 'prepared' [P] or \Jnprepared' [U]) and 
feeding rate (high [H] or low [L] ) .  Four months prior to stocking, all pools were 
ferti lised with the equivalent of 99 kg ha-1 Aquasol (Trade mark of Hortico Pty Ltd, 
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Raymond Road, Laverton North, Victoria, 3026, Australia; N :P :K=23:4: 1 8  with trace 
amounts of Zn, Cu, Mb, Mn Fe and 8) and 22 kg ha-1 Di-Ammonium Phosphate 
(OAP; Greenleaf Fertil isers Pty Ltd, Heron Road, Kooragang Island, NSW, 2304, 
Australia; N :P : K=20:20:0) .  This stimulated a phytoplankton bloom which was 
maintained with regular, smaller additions of fertilisers and water exchange for two 
months. After this time, all pools were drained and allowed to dry out (to simulate 
typical commercial practice between crops) . One month prior to stocking, the 
eight 'prepared' pools were refilled, fertil ised (as above) and water was exchanged 
regularly to stimulate and maintain a phytoplankton bloom and to allow colonization 
of the pool by benthic fauna. Two days prior to stocking the remaining eight 
'unprepared' pools were fil led and fertilised (as above) . After stocking ,  all pools 
were managed in a simi lar manner to maintain phytoplankton b looms. Two feeding 
rates were used. The 11igh' rate was similar to that advocated in a number of 
practical prawn farming manuals (Anon, 1 984; Apud et al . ,  1 985; Chiang and Liao, 
1 985; Cl ifford, 1 985; Pascual , 1 985) or feed manufacturing companies, while the 
1ow' rate was 50 % of the high rate (Table 1 )  and was similar to that used by the 
authors in previous trials with P. monodon in model ponds (Allan and Maguire, 
1 988; Allan and Maguire, in press) . 

Every two weeks a sample of prawns (n >30) was taken from each pool and an 
average individual weight determined. These prawns were returned to the pools 
alive. Prawns were fed a commercially available diet imported from Taiwan (46.7 % 
protein [Nx6.25, dry basis] , 9.3 % moisture) . Prawns were fed twice daily; 33.3 % 
of the ration in  the morning and 66.7 % in the evening. Apparent food 
consumption was monitored twice daily in each pool using plastic mesh trays (0.6 
m2) supplied with a proportional amount of food on a surface area basis. The total 
quantity of food added to each pool was used as an estimate of apparent food 
consumption. 

At the end of the experiment the prawns were harvested and male and female 
prawns were separated and the number and weight in bulk of each sex recorded. 
Survival, average individual weight gain,  total biomass gain and sex ratio were 
determined for each pool .  The conversion ratio (S) for supplementary feed (in the 
presence of natural food) was estimated using the fol lowing formula (Parker, 1 987) : 
S = weight of feed (92 % dry matter) added to pool / increase in wet prawn 
biomass. This inverse index, which is equivalent to the apparent food conversion 
ratio (AFCR) (New, 1 987) , overestimates the energetic efficiency of food 
conversion, because the contribution made by natural food organisms is not 
considered,  but it is useful for comparing inputs and outputs. At the end of the 
experiment, S was estimated for each two-week growth period. For these 
estimations, prawn biomass increase was calculated by multiplying weight gain 
values by an estimate of the number of l ive prawns in each pool. Prawn mortality 
was assumed to be constant over time for the purpose of this estimation. 

Water quality analysis 

Temperature, DO and pH were measured twice daily (morning 0700-0900 and 
afternoon 1 600-1 800) using a Yeokal (Yeokal Electronics ,  Brookvale,  NSW, 21 00, 
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Australia) model 603 DO{f meter and an Orion (Orion Research Inc. , Main Street, 
Boston ,  MA 021 29, USA) pH/mV meter with a Ross (Orion Research Inc.) 
combination glass electrode. Salinity was measured regularly using a Yeokal 
temperature/sal inity conductivity meter. All meters were calibrated regularly as 
described by Allan et al. ( 1 990) . Concentrations of the plant pigments chlorophyll 
a, b and c and pheophytin were measured during weeks 1 ,  2, 5 and 1 0  using the 
spectrophotometric methods described by Major et al. ( 1 972) . As all major groups 
of phytoplankton contain the pigment chlorophyll a (Jeffrey and Vesk, 1 981 ) the 
concentration of this pigment was measured to provide an indication of the 
abundance of l ive phytoplankton in each pool at the time of each sampling. The 
concentrations of chlorophyll b and c were measured to indicate relative 
abundance of various divisions of phytoplankton which contain either or both of 
these pigments (Jeffrey, 1 981 ) .  Pheophytin i s  a degradation product of chlorophyll 
a (Jeffrey, 1 981 ) and was measured to indicate algal senescence. 

Nutrients were measured during weeks 1 ,  5 and 1 O using the methods described 
by Dai Pont et al. ( 1 974) for ammonia, and the methods described by Major et al. 
( 1 972) for n itrate, n itrite and reactive phosphorus. 

Bacterial Dynamics 

During weeks 1 ,  5 and 1 0  direct counts of bacteria and experiments to estimate 
bacterial growth rates were carried out on samples from the water column and 
sediment in each pool. For bacterial estimations in the water column in each pool, 
five 70 ml samples were collected at different, evenly spaced positions about 
200 mm in from the pool side at a depth of approximately 500 mm. These were 
combined, mixed, and a series of 5 ml subsamples taken using a pipette. For 
bacterial estimations in the sediment, ten cores (26 mm diameter, 8 mm deep; 2.25 
ml) were taken from each pool . This sediment was combined, mixed and five 0.25 
g sub-samples were taken using a corer (9 mm diameter, 2 mm deep; 0. 1 3  ml) . 
Two sub-samples each from the water column and sediment were preserved by 
the addition of formaldehyde (final concentration of 2 %) , stored in the refrigeration 
and, to estimate the number of bacteria at the time of sampling (Nt) , the bacteria 
were counted after staining with acridine orange using the modified epi
fluorescence technique (Daley and Hobbie, 1 975) . Estimates of the volume (v) of 
bacteria were made by measuring the length (I) and width ( w) of representative 
bacteria from the water column and sediment using a calibrated ocular micrometer 
and the equation : v = (w2 1t/4) (1-w) + 1t w3 /6 (Fry, 1 988) . It should be noted that 
this method may lead to overestimation (Fry, 1 988) . Samples of n > 350 bacteria 
from both the water column and sediment from each sampling period were 
measured. As d ifferences between the size of bacteria from the different 
treatments and d ifferent sampling times were not significant (P >0.05) , average 
volumes for both the water column (0. 1 6 µm3) and the sediment (0. 1 9 µm3) were 
used for productivity calculations. 

Estimates of bacterial growth rates were made by measuring the incorporation of 
tritiated thymidine into DNA as in Moriarty (1 986b, 1 990) and Moriarty and Pollard 
( 1 981 ) . Two blank and three replicate subsamples were used to calculate average 
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values for both the water column and sediment in each pool at each sampling time. 
Tritiated thymidine (25 µI; S.A. 25 ci/mmol) was added to each subsample and 
incubated for 30 min. Uptake of tritiated thymidine was terminated in the water 
column subsamples by the addition of 2 ml buffered 37 % formaldehyde solution 
(containing 0. 1 g thymidine per 1 00 ml) and, in the sediment subsamples, by the 
addition of 8 ml 80 % ethanol (containing 0. 1 g thymidine per 1 00 ml) . For the 
blanks, formaldehyde (water column samples) or ethanol (sediment) was added 
prior to the addition of tritiated thymidine. 

The total number of cells dividing per hour (Nh-1 ) was estimated using the formula 
described by Moriarty (1 990) : Nh-1 = dpm x 1 .62 x 1 04 I S.A. x t where dpm = 
disintegrations per minute ; S.A. = specific activity of the isotope; and t = 
incubation time in minutes. 

The specific growth rates of bacteria (µ) in  the water column and the sediment 
were estimated as : µ = Nh-1 I Nt. Productivity of bacteria, in terms of carbon, was 
estimated as: gC = Nh-1 x V x specific gravity x carbon content where V = volume 
of bacteria (estimated by multiplying Nt by average biomass of bacteria [v] from 
water column or sediment) ; specific gravity = 1 . 1 (Fry, 1 988} ; and carbon content 
= 22 % wet weight (Bratbak and Dundas,  1 984) . 

Meiobenthos and macrobenthos 

The abundance of major groups of meiobenthos was estimated for each pond 
from samples taken during weeks 1 ,  5 and 1 0. Two cores {26 mm diameter, 20 
mm deep) were taken and combined for each sample. Each sample was 
preserved in a 1 O % buffered formalin/seawater solution and stained with rose 
bengal .  Three replicate samples were taken from each pool at each sampling time. 
Prior to analysis, 70 ml disti l led water was added to each sample, the combination 
was shaken vigorously and then the supernatant (including the water and organics) 
quickly decanted. This procedure was repeated at least five times. Microscopic 
examination revealed very few or no animals left in the remaining sediment after 
this treatment. The organic material was washed through two seives, a 500 µm 
screen to separate macrobenthos and large detritus and a 63 µm to retain 
meiobenthos. 

Two cores (92 mm diameter, 1 00 mm deep) were taken for macrobenthos 
estimates and combined for each sample. Each sample was preserved with 1 O % 
buffered formalin solution. One sample was taken from each pool at the end of the 
experiment. Sampling of macrobenthos was not carried out during the experiment 
to avoid the major disturbance to prawns caused by taking the large cores for 
macrobenthos estimation.  Each sample was sieved through a 500 µm mesh 
screen to retain macrobenthos and detritus. 

Prawn stomach contents 

After harvest the heads of 1 5  prawns from each pond were preserved in a 1 O % 
buffered formalin solution. The stomachs were dissected and the contents 
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observed under a binocular microscope. The occurrence method (Hyslop, 1 980) 
was used to quantify the effects of treatment on feeding behaviour. For each 
treatment the number of stomachs containing one or more individuals of each food 
category was expressed as a percentage of the total number of stomachs 
examined. The number of empty stomachs for each treatment was also recorded. 

Statistical analysis 

The effects of pond preparation, feeding rate and their interaction on prawn 
performance indices, (except S) water quality variables, bacterial dynamics and the 
numbers of each major group of meiobenthos were assessed using two-factor 
ANOVA. To assess the interactive effects of pond preparation, feeding rate and 
time on S and the number, growth rate and productivity of bacteria, and the 
abundance of meiofauna, these data were also analysed using three-factor ANOV A. 
Homogeneity of variance was assessed using Cochran 's test (Winer, 1 971 ) and to 
satisfy the assumptions of normality and/or homogeneity of variance the following 
transformations were performed prior to statistical analysis: Survival number of 
empty stomachs (as a percentage of the total number of stomachs examined) and 
% occurrence of all major food categories in the prawn stomachs (arcsine [ (0.01 x] 
0·5] ) ;  food conversion ratio (S) , afternoon DO, afternoon pH, ammonia, nitrite, 
n itrate, phosphorus, chlorophyll b concentration, specific growth rate of bacteria 
and productivity of bacteria - (log x) ; number of bacteria - (x0·5) ;  and abundance of 
al l major categories of meiobenthos - ( [x+ 1 ]o.5) . Unless otherwise indicated values 
in the text are means ± standard errors .  

RESULTS 

Prawn performance indicators 

Prawn growth (weight gain) was highest in the prepared pools where the highest 
feeding rate was used (Table 2) and both preparation (P< 0.001 ) and feeding rate 
(P< 0.05) affected weight gain, although there was no interaction (P>0.05) (Table 
2) . Although average prawn weight at each bi-weekly sampling interval was higher 
in prepared pools (P< 0.001 ) ,  feeding rate did not affect average prawn weight 
(P >0.05) until the week when prawns were harvested. By the end of the 
experiment average weight gain of prawns in the prepared pools was 
approximately 20 % greater than in the unprepared pools but the difference 
between high and low feeding rate treatments was only 4 %. The average weight 
gain between sampling periods for prawns in all treatments indicated that the 
difference in weight gain between prepared and unprepared pools was only 
pronounced during the first two bi-weekly sampling periods (Fig. 1 ) . 

Final biomass and biomass gain were significantly (P< 0.001 ) higher in the 
prepared pools (Table 2) but were unaffected by feeding rate or the interaction 
between preparation and feeding rate (P >0.05) . Apparent food consumption was 
significantly affected by feeding rate (P< 0.001 ) but not by preparation or their 
interaction (P > 0.05) (Table 2) . S was worse (higher) for unprepared pools and for 
pools where the higher feeding rate was used (P< 0.001 ) .  For all treatment 
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combinations S deteriorated over time (P<0.001 ) (Fig. 2) . As the difference 
between S during the early stages of the experiment (Week 2) and at the end of 
the experiment was greater from prepared pools compared with unprepared pools, 
the interaction between preparation and time was significant (P< 0.001 ) (Fig. 2) . 
Interactions between preparation and feeding rate, feeding rate and time and 
preparation,  feeding rate and time were all non-significant (P >0.05) . 

During the experiment two interruptions to the air supply to all pools occurred. 
During the first interruption in Week 1 ,  air supply ceased for between 4-8 h on a 
hot, sti l l  night and, in one pool (Pool 2) , DO declined to 0. 1 mg 1· 1 • More than 80 % 
of prawns died and results from this replicate (from the prepared, high feeding rate 
treatment combination) were not included in any statistical analyses. 
Concentrations of DO in all other pools were >2.0 mg 1· 1 and no evidence of 
mortality was found. The DO concentration on the morning fol lowing the 
interruption was not affected by preparation, feeding rate or their interaction 
(P > 0.05) . During the second 4-8 h electricity interruption in the week prior to 
harvest, DO concentrations in a number of pools declined (minimum 0.6 mg DO 1 -
1 ) , although no prawns died. The lowest concentrations were recorded in the high 
feeding rate pools (P< 0.05) . Previous research had shown that short periods (4-
1 2  h) of sub-lethal DO stress (0.8 or 1 .0 mg 1· 1 ) did not affect subsequent growth of 
P. monodon j uveni les were DO concentrations were returned to normal (Al lan and 
Maguire, 1 991  ) .  

Water quality analysis 

Average salinity and morning and afternoon temperatures for all pools were 30.5 
%0 (range 28.7-34.5 %o), 22.9 °C (range 17 2-26.5 °C) and 25.3 °C (range 1 8.6-28.7 
°C) respectively. After an initial rise during Weeks 2 to 4, temperature tended to 
decline towards the end of the experiment (Fig. 1 0. 1  b) . The concentration of 
dissolved oxygen was lower in the morning in pools receiving the higher feeding 
rate, regardless of whether pools were prepared or unprepared (P<0.05;  Table 3) . 
Concentrations of dissolved oxygen in the aftern were higher in the unprepared 
pools receiving the higher feeding rate, compared with those receiving the lower 
feeding rate, while the converse was true for the prepared pools (Table 3) . 
Average pH values differed by only 0.3 pH units but pH was lower in the pools with 
the higher feeding rate in the morning and afternoon (P< 0.001 ) .  For both 
prepared and unprepared pools, ammonia concentrations were much higher in the 
pools receiving the higher feeding rate than those receiving the lower feeding rate 
(P < 0.001 ; Table 3) . Concentrations of nitrate, nitrate and phosphorus were not 
significantly affected by preparation,  feeding rate or their interaction (P >0.05; Table 
3) . The abundance of phytoplankton, as indicated by chlorophyll a concentration, 
was variable but was greater for pools receiving the lower feeding rate than the 
higher feeding rate than the higher feeding rate (P< 0.05) and for both feeding 
rates,  was greater in prepared pools (P < 0.01 ; Table 3) . There was a higher 
concentration of chlorophyll c (a pigment indicative of diatoms) in prepared pools 
(P < 0.05) while chlorophyll b and pheophytin were not significantly affected by 
preparation ,  feeding rate or their interaction (P >0.05; Table 3) . 
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Pond management variables 

Total input of nutrients, n itrogen and phosphorus (feed and ferti l iser combined) 
were highest in the prepared pools with the higher feeding rate (P< 0.001 ) (Table 
3) . The requirement for water exchange (excluding partial drainage for a mortality 
count soon after stocking) was highest in prepared pools (P< 0.01 ) but was not 
unaffected by feeding rate (Table 2) . 

Bacterial dynamics 

Total bacterial carbon contents for the water column and sediment, calculated 
using average bacteria cell volumes, carbon content and specific gravity (see 
methods section) were 39 and 46 fg C ce11·1 respectively. The total numbers of 
bacteria in the water column and sediment for all pools for all treatments for all 
sampling periods (n =45) were 4. 1 1 x 1 06 ± 0. 1 9  x 1 06 m1·1 (range 2.27 x 1 06 - 8.74 
x 1 06 m1· 1 )  and 8.39 x 1 08 ± 0.35 x 1 08 cm·3 (range 4.03 x 1 Q8 - 1 23.6 x 1 08) 
respectively. Average values for productivity were 0.03±0.002 µg m1·1 day1 (ranges 
0.005-0.08 µg m1·1 day- 1 )  and 2. 1 ±0.2 µg C cm·3 day1 (range 0.6-4.4 µg C cm·3 
day-1 ) for water column and sediment respectively. 

When data for all sampling times were analysed pond preparation only significantly 
affected the total number of bacteria in the water column (P< 0.05) while feeding 
rate did not affect any of the bacterial indicators (P >0.05) (Table 7) . Sampling time 
affected the total number of bacteria in the water column (P< 0.05) and total 
numbers, productivity and specific growth rate of bacteria in the sediment 
(P< 0.001 ) (Table 4) . Numbers of bacteria in the water column declined over time 
(P< 0.05) (Table 5) while numbers, of bacteria in the sediment increased over time 
(P< 0.001 ) (Table 5) . Productivity of bacteria in the sediment was lower when 
measuring during Week 5 than when measured during Weeks 1 or 1 0  (P< 0.05) .  
Specific growth rate of bacteria i n  the sediment was highest when measured during 
Week 1 compared with measurements during Weeks 5 or 1 0  (P<0.05) was higher 
when measured during Week 1 0  than Week 5 (P< 0.05) . 

There was a significant interaction between preparation and feed rate for specific 
growth rate of bacteria in the sediment (P<0.05) (Table 4) . The significant 
interaction occurred because, although specific growth rates of bacteria in the 
sediment were higher in the higher feeding rate pools compared with the lower 
feeding rate pools for both prepared and unprepared pools, the difference was 
greater for unprepared pools compared with prepared pools. (Specific growth rate 
increased from 0.0025 to 0.0032 in unprepared pools and from 0.0021  to 0.0026 in  
prepared pools) . This was the only significant two-way or three-way interactions for 
any of the indices of bacterial dynamics in the water column or sediment. 

Meiobenthos and Macrobenthos 

The meiobenthos in  the sediment were grouped into five major categories ; 
protozoans, nematodes, copepods, diatoms and 'others ' ;  a category which 
included forams, ostracods, hydrozoans, bryozoans, amphipods and barnacles 
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(Figs 3a, 1 b and 1 c ;  Table 6) . The number of nematodes and cope pods found in 
the pools (0. 1 x1 06 - 1 .  7x1 06 m·2 and 2.6x1 03 - 237.2x1 D3 m·2 respectively; Figs 3a, b 
and c) were similar to those recorded during studies in large, commercially used 
penaeid farming ponds in Malayasia (0.03x1 06 - 1 .4x1 06 m·2 and 8.0x1 03 - 978.0x1 03 
m·2 for nematodes and harpacticoid copepods respectively) (Moriarty et al . ,  1 987) . 

At Week 1 , al l categories were more abundant (P< 0.05) in the prepared pools 
except for diatoms which were found in similar numbers (P>0.05) in al l  pools (Fig. 
3a; Table 7) . Feeding rate had no effect (P >0.05) on any category except 
protozoans which were present in higher numbers (P< 0.05) in the low feeding rate 
pools (Fig . 3a; Table 7) . There was no interaction (P >0.05) between preparation 
and feeding rate on abundance of any category at Week 1 .  

At Week 5 the effects of preparation were less evident (Fig. 3b) . Protozoans were 
the only category present in greater numbers (P <0.01 ) in the prepared pools, and 
nematodes were actually more abundant (P< 0.05) in the unprepared pools (Fig. 
3b; Table 7) . Nematodes were also more abundant (P< 0.05) in the low feeding 
rate pools although feeding rate did not affect (P >0.05) any other category. There 
was a significant interaction (P< 0.05) between preparation and feeding rate on the 
abundance of only one category {protozoans) at Week 5. 

At Week 1 0, although the abundance of protozoans in the unprepared pools had 
increased, they were stil l  more abundant (P< 0.05) in the prepared pools {Fig. 3c) . 
Again ,  nematodes were more abundant (P< 0.001 ) in the unprepared pools, 
although feeding rate had no effect {P > 0.05) on their abundance. The only 
category which was affected by feeding rate was diatoms {P< 0.05) which were 
more abundant in the low feeding rate pools. There was an interaction {P< 0.05) 
between preparation and feeding rate for only one category {others) at Week 1 O 
{Table 7) . 

When data from all sampling periods was analysed using three-factor ANOVA, 
neither preparation nor feeding rate affected abundance of any category of 
meiofauna, and time affected abundance of protozoa (P < 0.001 ) and copepods 
(P < 0.01 ) only. Protozoa and copepods were more abundant in Week 1 0  {P< 0.05) 
(Fig . 3c) . Two-factor interactions and the three-factor interaction were not 
significant (P >0.05) for any category of meiofauna. 

Macrobenthos found in sediment samples taken during Week 1 0  were grouped 
into eight major categories ; polychaetes, bivalves, copepods, amphipods, insect 
remains, algae, bryozoans and 'others' ,  a category which included forams and 
barnacles (Table 6;  Fig . 4) . No category was found in all pools, or, with the 
exception of amphipods in the prepared, low feeding rate pools, in all ponds of any 
treatment combination .  In general , amphipods and insect remains were more 
abundant in the prepared pools while polychaetes and copepods were more 
abundant in the unprepared pools (Fig . 4) . Bivalves were not found in any pools 
fed at the high feeding rate. The large variation in the abundance of all the major 
categories of macrobenthos, both within and between treatments, precluded 
analysis of variance of these data. 
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Prawn stomach contents 

Preparation, feeding rate and their interaction all had no effect (P > 0.05) on the 
number of empty stomachs (expressed as a percentage of the total number of 
stomachs examined) (Table 8) . Prawn stomach contents were grouped into six 
major categories ; copepods, insect remains, algae, remains of prawn exuviae, 
artificial feed and others (a category which included forams, hydrozoans, bivalves, 
ostracods, barnacles and bryzoans) (Table 6) . Preparation, feeding rate or their 
interaction all had no effect (P> 0.05) on occurrence of any of these categories 
(Table 8) . Despite their prevalence in the meiobenthos and macrobenthos, 
respectively, remains of nematodes and polychaetes were either  not found 
(nematodes) or only found in one stomach (polychaetes) (Table 6) . Similar results 
were recorded in previous work in model ponds (Al lan and Maguire, in press) . 
One of the major problems with stomach contents analyses is that only recently 
ingested material is easi ly identifable (Schroeder, 1 983; Lilyestrom and Romare, 
1 987) and the importance of easily digested food items, especially those without 
any hard body parts l ike nematodes and sedentary polychaetes,  are l ikely to be 
underestimated. 

DISCUSSION 

Pond preparation 

Results from this study indicate that preparing (ferti l ising) ponds wel l  in advance of 
stocking can increase prawn growth and production compared with that in 
unprepared ponds. Previous results indicating the beneficial effects of fertilisation 
in penaeid ponds have usually been for lower density culture ( < 1 O prawns m·2) 
(Rubright et al. ,  1 981 ; Chakraborti et al. ,  1 986; Garson et al . ,  1 986; Lanari et al . ,  
1 989) . where natural pond productivity migh be  expected to make a greater 
contribution to the prawns nutritional requirement than in ponds stocked at higher 
densities (New, 1 987) . 

The average results from bi-weekly sampling indicate that prawn growth increments 
in the prepared (fertil ised) pools was greater than in unprepared pools at Week 2 
and Week 4, although, after this time (at Weeks 6, 8 and 1 0) ,  the average bi-weekly 
prawn growth increments were similar for all treatment combinations (Fig. 1 a) . 
Thus, pond preparation , as practiced here, was effective in increasing prawn 
growth during the first month of the experiment only. Rapid recruitment and 
colonization of the unprepared pools by meiobenthos, especially during the first 
five weeks (Fig . 3b) , migh explain the similar prawn growth rates in prepared and 
unprepared pools after Week 4 (Fig. 1 a) . 

In several other studies, where ponds were stocked at lower densities ( < 1 O prawns 
m·2) ,  the natural food was capable of sustaining prawn growth for at least several 
weeks with little or no inputs of supplementary feed (Rubright et al . ,  1 981 ; Lee and 
Schlesser, 1 984; Wyban et al . ,  1 987; Lanari et al . ,  1 989) . However, this may be 
related to stocking density and total biomass of prawns. Lanari et al .  ( 1 989) 
suggested that in ferti l ised ponds, natural productivity could sustain satisfactory 
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growth of P. japonicus stocked at 1 .5 or 3.0 prawns m-2 for 50 or 40 days 
respectively. Similarly, Wyban et al . ( 1 987) considered that manuring ponds 
stimulated the development of natural foods suitable for prawns up to a carrying 
capacity of about 1 700 kg ha-1 • 

During the present study, prawn growth in the prepared pools declined after Week 
4 (Fig. 1 a) . This contrasts with some reports where prawn growth rates increase 
over time (Akiyama and Chang, 1 990) . In other studies a decline in growth over 
time, when total biomass of prawns increases, has been related to a reduction in 
the abundance of natural food organisms due to grazing by prawns (Rubright et 
al . ,  1 981 ; Wyban et al . ,  1 987; Gonzales, 1 988; Lanari et al . ,  1 989) . In the study by 
Rubright et al . ( 1 981 ) a decline in the abundance of several categories of 
meiofauna (including polychaetes, nematodes and copepods) associated with 
decl in ing growth rates supported this hypothesis. Meiobenthos are actively preyed 
upon by prawns (Bell and Coul l ,  1 978; Rubright et al . ,  1 981 ; Das et al . ,  1 982; 
Warwick, 1 987; Moriarty et al . ,  1 987; Gonzales, 1 988) . However, in the present 
study, although it was clear that the abundance of all categories of meiobenthos 
were greater in the prepared pools at Week 1 (Fig. 2a) there was no indication that 
abundance of any category of meiobenthos declined over time (Fig. 2b and c) . 

Other factors which might have explained the decline in growth in the prepared 
ponds over time are a lack of supplementary food or adverse water qual ity, e.g . ,  
low temperatures or sediment deterioration. However, although feed inputs, as a 
percentage of prawn biomass, were decreased over time (Table 1 a) ,  apparent food 
consumption was monitored twice daily and ,  as indicated by the deteriorating S 
values over time (Fig. 2) , it is more l ikely that prawns were overfed than underfed. 
The major decrease in prawn growth in all treatments between Weeks 8 and 1 0  
was probably related to water temperatures which declined by an average of more 
than 2.0 and 2.5 °C for mean minimum and mean maximum temperatures 
respectively (Fig. 1 b) . However, apart from decline in temperature there was no 
evidence that water quality deteriorated over time and, except for a problem with 
low DO on two occasions during the experiment, the concentrations of potentially 
toxic DO, ammonia and n itrite, were all well above (DO) or below those l ikely to 
affect growth (Wickins, 1 976; Seidman and Lawrence, 1 985; Allan et al . ,  1 990; Allan 
and Maguire, 1 991 ; Allan and Maguire, in press) . 

Sediment condition was not assessed quantitatively here although visual 
observation suggested that sediments were clearly reduced, especially in the high 
feeding rate pools, at the end of the experiment. Reduced sediments may have 
retarded prawn growth or affected meio- or macrobenthic communities. Hydrogen 
sulphide, produced by heterotrophic bacteria in anoxic sediments, is toxic to 
prawns at concentrations of only 0. 1 -4.0 mg 1- 1 (Tournier, 1 972; Shigueno, 1 975) . 
In  fish farming ponds, reduced sediments retarded grazing and consequently 
growth of ti lapia (Avnimelech and Zahar, 1 986) . The effect of reduced sediments 
on prawn grazing has not been assessed, although the removal of anoxic sediment 
may prevent growth retarding conditions in intensive penaeid culture (Wyban and 
Sweeney, 1 989) . 
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During the present ten week study, 25-31 % of prawns examined at the end of the 
experiment had empty stomachs. This is considerably more than was recorded 
after a shorter, eight week experiment in the same facil ities with the same species 
(7 % of prawns examined) (Allan and Maguire in press) . This may be associated 
with a reduction in grazing over time as sediment condition deteriorates. 
Josefson and Widbom ( 1 988) showed that meiofaunal communities were not 
affected by hypoxia (dissolved oxygen concentrations as low as 0.2 mg 1-1 at the 
sediment - water interface) and meiofaunal communities did not decl ine over time 
during our study. 

Feeding rates 

Feeding rates had a significant but minor (4 %) effect on weight gain and no effect 
on final biomass or biomass gain. Consequently, S was much worse for pools 
managed with the higher feeding rate. At the lower feeding rate, preparation did 
not affect S (2. 1 ± 0.02 and 2.0±0.02 for prepared and unprepared pools 
respectively) whi le at the higher rate, S was worse in the unprepared pools 
(4.4± 0. 1 1 )  than in the prepared pools (3.8± 0. 1 )  (Table 2) . This interaction 
between preparation and feed rate for S reflects the faster growth of prawns in the 
prepared pools as apparent food consumption was not affected by preparation 
(Table 2) . 

The deterioration in S for all treatments over time (Fig. 2) may have been due to a 
decline in the contribution of natural food items to the prawns nutrition or it may 
have reflected progressive overfeeding. Apart from studies with penaeid postlarvae 
and j uveniles fed l ive earthworms, surprisingly little experimental work has been 
done to determine optimum feed rates for penaeid prawns in ponds (Sreekumaran 
Nair et al . ,  1 982; Millamena, 1 990) . In aquaria, optimum feeding rates of 1 1  and 1 2  
% of prawn biomass day-1 have been estimated for P. monodon and P. 
merguiensis respectively (Lee, 1 971 ; Sedgwick, 1 979) . An experimental basis for 
the feeding regimes advocated in practical prawn farming manuals or reviews 
(Anon, 1 984; Apud et al . ,  1 985; Chiang and Liao, 1 985; Clifford, 1 985; Pascual, 
1 985; Robertson, 1 988; Akiyama and Chwang,  1 990) has not been established. 
Maguire and Leedow ( 1 983) determined optimum feeding rates (using trout pellets 
with 39 % protein) for Metapenaeus mac/eayi during a seven week farming trial in 
netting enclosures with an �arthen pond. Constant feeding rates, were used and 
the optimum rate was approximately 5 % of prawn biomass day-1 •  This 
corresponds to the average food input used in the present study in higher feeding 
rate pools. Clearly, this rate was too high during the present experiment. The use 
of a higher feeding rate in tropical areas where water temperatures are closer to 
the optimum for growth of P. monodon (27-33 °C, Maguire and Al lan, in press may 
result in better food conversion ratios than those recorded here. It should also be 
noted that the highest growth rates recorded here (0. 1 7  g day1) are lower than 
some reported for P. monodon at lower stocking densities (0.23-0.39 g day1) (Liao, 
1 977; Apud et al . ,  1 985; Chakraborti et al . ,  1 986) but are similar to those reported 
in pond trials in NSW (0. 1 7  g day·1 ; Allan , 1 990) and within range of those reported 
in pond trials in Taiwan (0. 1 5-0.28 g day-1 ;  Chen et al . ,  1 989) . 
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Prawn farmers and research workers often use feed trays to indicate food 
consumption and as a guide for adjusting feeding rates (Apud et al . ,  1 985; Chen et 
al . ,  1 989) . The presence of uneaten pellets on the trays in the present study was 
taken as an indication of overfeeding, and feeding rates were temporarily reduced. 
Even though the trays were supplied with an amount of feed that was proportional 
to the area of the pool covered by the tray (i .e . ,  6 %) , they proved to be a very 
poor guide to food consumption. When pools were drained after the interruption 
to aeration during Week 9, uneaten pellets were observed on the bottom of many 
of the high feeding rate pools although no pellets were present on feeding trays. 
The very high S values recorded in the higher feeding rate pools indicate that 
overfeeding was a problem in these pools. Despite this, the feeding trays in these 
pools rarely indicated overfeeding. It was apparent that prawns were feeding 
preferentially from the trays, possibly using the trays on a refuge from reduced 
sediments. 

Bacterial dynamics 

Bacterial numbers were two orders of magnitude greater in the sediment than in 
the water column, and increased with time in the sediment. Water was regularly 
exchanged and bacterial numbers did not change with time in the water column. 
Bacterial productivity was also two orders of magnitude higher in the sediment 
compared with the water column. Moriarty (1 986 a) also found bacterial numbers 
and production were two to three and one to two orders of magnitude respectively 
higher in the sediment than in the water column of penaeid prawn farming ponds in 
Malaysia (Table 9) . However, the values for bacterial numbers for the present 
study were three to four  times lower than those recorded by Moriarty (1 986a) for 
the water column and ten to twelve times lower for sediments (Table 9) . Similarly, 
productivities for both the water column and sediments were more than two orders 
of magnitude lower in the present study than Moriarty's values (Table 9) . Bacterial 
numbers in the water column for present study were similar to those reported for 
coastal sediments or seagreass beds although productivities were higher (Table 9) . 
In the sediment of pools numbers were lower than for other environments and 
productivities were similar to those for coastal sediments (Table 9) . 

In the Malaysian prawn ponds, feed was supplied in excess and,  at the high 
temperatures which prevailed, the pellets were being rapidly degraded by bacteria 
(Moriarty, 1 986a) . In the present study, the low productivities and very low specific 
growth rates of bacteria in the pool sediment, and thus slow doubling times of 5 to 
28 days indicate that the bacteria were limited by organic matter supply rather than 
by grazing by meiofauna. Doubl ing times in the water column of the pools were 
two to six days and productivity was also low. This indicated that although water 
column bacteria were not as l imited as those in the sediment, by the supply of 
dissolved organic matter, growth was l imited and numbers were being control led, 
perhaps by the regular flushing of water from the pools. 

In general these results indicate that l ittle of the feed input was being degraded by 
bacteria, even though feed conversion ratios were high and, especially in the 
higher feeding rate pools, prawns were obviously overfed. It is possible that 
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meiofauna, and not microorganisms,  were consuming more of the feed, however, 
this was not supported by any differences in abundance of meiofauna in the low 
and high feeding rate pools. Water quality was obviously not affected by bacterial 
activity in these pools, possibly due to the rapid response (i .e . ,  water exchange) to 
reduced DO concentrations or elevated pH. Although organic matter was 
observed to build-up in the pools towards the end of the experiment, the low initial 
organic matter content of the sediment was probably low compared to commercial 
ponds and the relatively short duration of the experiment meant that the total 
amount of organic matter in the pools was probably considerably less than in 
commercial ponds. This may have contributed to the lower bacterial activity. 
Managing prawn farming ponds with low bacterial activity is desirable (Madenj ian, 
1 990a) as rapid deterioration in water quality especially DO, is less l ikely. 

Water quality 

Excess feeding can result in a bui ld-up of organic material , a reduction in DO 
fol lowing microbial decomposition and an increase in metabolic wastes (Boyd, 
1 982; Mi l lanena, 1 990) . The deleterious effects of excess feeding on DO 
concentrations were apparent from the lower morning DO concentrations in the 
pools receiving the higher feeding rate (Table 2) and, more importantly, from the 
mass mortality of prawns in one pool receiving the higher feeding rate fol lowing the 
interruption to aeration during Week 1 . Following the second interruption to 
aeration, during Week 9, DO concentrations were also lower (P< 0.05) in pools 
receiving the higher feeding rate (average 1 .8 mg oxygen 1· 1 )  compared with the 
pools receiving the lower feeding rate (average 2.7 mg oxygen t 1 ) .  The lower 
average morning and afternoon pH (P<0.001 ) in the high feeding rate pools 
followed the decomposition of large quantity of organic matter. A similar reduction 
in pH after feeding rates were increased was also recorded during studies with 
channel catfish (Boyd, 1 982) . 

The pellets used in this study contained approximately 7.5 % nitrogen and 1 .9 % 
phosphorus. Ammonia concentrations were much higher in the pools receiving the 
higher feeding rate. Mi llamena (1 990) found that when more than 50 mg minced 
shrimp meat 1-1 was added to post larval P. monodon tanks, DO declined as 
biological oxygen demand increased and metabolic waste products accumulated 
leading to a decline in prawn survival. Boyd (1 982) recorded gradual increases in 
nitrate, total ammonia-nitrogen, organic nitrogen, filterable orthophosphate, total 
phosphorus , chemical oxygen demand, standard biological oxygen demand and 
chlorophyl l a when feeding rates were increased in chemical catfish ponds. 

During the study average chlorophyll a values were higher in prepared and 
compared with unprepared ponds lower in the high feeding rate pools than in the 
low feeding rate pools. The effect of feeding rates on chlorophyll a was also 
reflected in the significantly lower pH values recorded in low feeding rate pools. 
The result for chlorophyl l a contrasts to Boyd's (1 982) findings and indicates that 
the increased water exchange in the high feeding rate pools, compared with the 
low feeding rate pools, served to di lute the algal bloom as was noted in previous 
experiments (Al lan and Maguire, unpubl ished data) . 
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Conclusions 

Preparation of ponds increases production of prawns in ponds stocked at 1 5  
prawns m·2 although the benefits are noticable for a relatively short period only. 
The transfer of prawns into new, wel l  prepared ponds during the culture cycle, as 
occurs where separate nursery ponds are used, could have commercial benefits. 
Such systems have been suggested for P. monodon culture at low densities ( < 5  
prawns m·2) (Tiro et al . ,  1 986; Pudj iatro and Baliao, 1 987) . However, the 
commercial advantage of improved growth rates has to be balanced against the 
loss of production associated with ponds remaining unstacked during the pond 
preparation period. This may be significant when a two crops per year production 
schedule is planned (Hardman et al . ,  in press) . 

When planning feeding strategies, growth rates as wel l  as prawn biomass should 
be considered and increasing feeding rates , solely on the basis of observations 
from feed trays, is not recommended. Feeding rates should be related to 
estimated biomass and, especially during cooler periods, the use of an average 
feeding rate of approximately 2.5 % of prawn biomass day·1 for P. monodon 
stocked at 1 5  prawns m·2 may significantly lower feeding costs without affecting 
prawn production. 
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TABLE 1 

Feeding rates used during the pond preparation/feeding rate experiment or recommended for 
commercial culture of Penaeus monodon 

Present study (high rate) 

Present study (low rate) 

Anon. (1 984) 

Chiang and Liao (1 985) 

Clifford (1 985) 

Pascual (1 985) 

Robertson (1 988) 

Akiyama and Chwang (1 990) 

A commercial feed 
manufacturing company3 

Average weight 
(g prawn-1) 

5-7 
7-1 0 
1 0-1 3 
1 3-1 6 
1 6-1 9 

5-7 
7-1 0 

1 0-1 3 
1 3-1 6 
1 6-1 9 

5-1 0 
1 0-1 5 
> 1 5  

2-1 3 
1 3-30 
>30 

4 
8 

1 2  
1 6  
20 

1 -1 0  
> 1 0  

5-6 
6-8 
8-1 0 

1 0-1 2 
1 2-30 

3-1 5 
1 5-40 

5-1 0 
1 0-20 

For ponds with production of 0.8-2.5 t ha·1 crop·1 
For ponds with production of 2.5-20.0 t ha·1 crop·1 

Feeding rate 
(% of prawn 
biomass day·1) 

8 
7 
6 
5 
4 

4 
3.5 
3 
2.5 
2 

8 
6 
4 

1 4-6 
64 
4-3 

9.8 
6.4 
4.7 
3.8 
3.2 

8-1 0 
3-5 

1 0  
8 
6 
4 
3 

4-2.51 8-42 
2.5-21 4-22 

1 0-7 
7-5 

2 
3 A Taiwanese feed manufacturing company. Information printed on 20 kg bags of grower 

pellets purchased in 1 988 and 1 989 
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TABLE 2 

Effects of pond preparation and two feeding rates on prawn performance Indices in pools stocked with Penaeus monodon during a 71 day experiment1 • 

Variable 

Prawn performance Index 

Survival (%)3 

Weight gain (g prawn-1 ) 
Final biomass (g m-2) 
B iomass gain (g m-2) 
Apparent Food consumption 

(% of prawn biomass day-1 ) 
S4 

Unprepared(U) 

Low feeding 
rate (L) 

92.7± 1 . 1 
9.7± 0. 1 
1 98.7± 1 .2 
1 29.7± 1 .3 
2.5± 0.03 

2. 1 ± 0.02 

H igh feeding 
rate (H) 

88.2± 1 .5 
9.9±0. 1 
1 96.7±5.9  
1 22.5± 5.0 
5 .0±0. 1 

4.4±0 . 1  

Prepared(P) 

Low feeding 
rate (L) 

89.0± 1 .4 
1 1 .4±0.2 
21 8.5±2. 1 
1 43.9± 1 .2 
2.6±0. 1 

2.0±0.02 

H igh feed 
rate (H) 

89.3± 1 .8 
1 2.0±0.2 
226.4± 6.5 
1 52.4±6.2 
5.0±0.03 

3.8±0. 1 

Significance2 

p F PxF 

ns ns ns 
* * *  * ns 
* * *  ns ns 
* * *  ns ns 
ns * * *  ns 

* * *  * * *  ** 

Values are means ± standard error (n=4 replicate pools for UL, UH and PL and n=3 replicate pools for pH) . Salinity and minimum and maximum 
temperatures (mean [range) for all pools were 30.5 %0 (28.7-34.5 %0) ,  22.9  °C (1 7.2-26.5 °C) and 25.3 °C (1 8.6-28.7 °C) in that order 

2 

3 
4 

Results from two-factor ANOVA; P = preparation, F = feeding rate, P x F = preparation x feeding rate interaction; * * *  = P<0.001 , ** = P<0.01 , * 
= P < 0.05, ns = not significant P > 0.05 
Data transformed (arcsine x°·5) prior to statistical analysis 
Data transformed (log x) prior to statistical analysis 
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TABLE 3 

Effects of pond preparation and two feeding rates on pond water quality and pond management variables in pools stocked with Penaeus monodon during 
a 71 day experiment1 • 

Unprepared(U) Prepared(P) Significance2 

Variable Low feeding High feeding Low feeding High feed p F PxF 
rate (L) rate (H) rate (L) rate (H) 

Water quality variable 
DO morning (mg t1} 6.3±0. 1 5.8± 0. 1 6 .2±0.04 5.7±0. 1 ns * * *  ns 
DO afternoon (mg t1} 1 0. 1 ± 0. 1 1 0.5±0. 1  1 0.8± 0.3 1 0.2±0. 1 ns ns * 

pH morning 8.3±0.01 8.2± 0.02 8.4±0.04 8. 1 ±0.03 ns * * *  * 

pH afternoon 8.6±0.01 8 .5±0.03 8.7±0.05 8.4±0.01 ns * * *  * 

Total ammonia-nitrogen (µg 1-1 )3 56.7±9. 1  483.8± 1 90.6 90.2±33.7 592.9± 1 20.5 ns *** ns 
N02-N (µg t1 ) 3 .9± 1 .6 9.7±4.4 4. 1 ±3.0 1 0.3±2.6 ns ns ns 
N03-N (µg t1) 1 .5±0. 1  1 . 1 ± 0. 1  1 .4±0. 1  1 .3±0.04 ns ns ns 
P04-P (µg 1-1}3 97.8± 1 3.8 208.6±58.9 1 70.4±6.4 1 68.8±7.6 ns ns ns 
Chlorophyll a (µg t1) 48.7±6.6 24.2±2.6 81 .7± 1 0.8 59.8± 1 7.2 * *  * ns 
Chlorophyll b (µg t1 }3 0. 1 ± 0.01 0.2± 0.02 0.2±0.03 0. 1 ± 0. 1  ns ns ns 
Chlorophyll c (µg t1} 24.5± 5.5 1 0.8±2.6 46.5± 1 2.3 25.6±9.7 * ns ns 
Pheophytin (µg t1) 1 3.5±3.2 1 5. 1  ± 8. 1  26.4±7.8 1 8. 1  ±2.2 ns ns ns 

Pond management variable 
Total input of N (g m-2) 30. 1 ± 0.8 51 .5± 1 .8 34.5± 1 .0 58.3± 1 .6 * * *  * * *  ns 
Total input of P (g m-2) 8.6±0.3 1 4 .5±0.6 9.9±0.3 1 6.6±0.5  * * *  * * *  ns 
Water exchange (% d-1 ) 9.5± 1 .0 1 1 . 1 ± 0.7 1 2 .9±0.7 1 4.3±0.8 * *  ns ns 

Values are means ± standard error (n=4 replicate pools for UL, UH and PL and n=3 replicate pools for pH) . Salinity and minimum and maximum 
temperatures (mean [range) for all pools were 30.5 %0 (28.7-34.5 %o) ,  22.9 °C (1 7.2-26.5 °C) and 25.3 °c (1 8.6-28.7 °C) in that order 

2 Results from two-factor ANOVA; P = preparation, F = feeding rate, P x F = preparation x feeding rate interaction; *** = P<0.001 , ** = P<0.01 , * 
= P <0.05, ns = not significant P > 0.05 

3 Data transformed (log x) prior to statistical analysis 
4 Data were heterogenous after transformation 

- - - -

� 
w 
l.O 



I 
I 
I 
I 

1 40 

TABLE 4 

Summary of three-factor analysis of variance results comparing the effects of 
pond preparation (P) feed rate (F) , sampling time (T) and their interactions 
on bacterial dynamics in the water column and sediment of pools during a 
71 day farming trial with Penaeus monodon1 • 

Treatment 

Index p F T PxF PxT FxT PxFxT 

Water column 

Total numbers * ns * ns ns ns ns 

Productivity ns ns ns ns ns ns ns 

Specific growth 
rate ns ns ns ns ns ns ns 

Sediment 

Total numbers ns ns *** ns ns ns ns 

Productivity ns ns *** ns ns ns ns 

Specific growth 
rates ns ns *** * ns ns ns 

*** = P < 0.001 ; * = P < 0.05; ns = not significant P> 0.05 
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TABLE S 
Numbers, productivity and s pecific growth rates of bacteria in the water column and sediment of prepared and 
unprepared pools during a 71 day experiment with Penaeus monodon and receiving two different feeding rates' . 

Treatment 

UL UH PL PH 

Water column 
Week. 1 
Number (x1 o• 1·1) 5.8± 1 . 1  4.5 ±0.7 4.4 ±0.6 4. 1 ±0.9 
Productivity (x1 O"" mg C mi·• day-') 1 6.6±3.9 25. 1 ±5.6 44. 9 ± 1 5.6 1 5.9±5. 1 
Specific growth rate 0.003±0.001 0.006±0.001 0.01 3±0.006 0.005±0.003 

Week s 
Number (x1 o• r') 3.8±0.4 4. 5 ±0. 6 3.3±0.6 4.6±0.8 
Productivity (x1 O"" mg C mi·• day·') 24.0±3. 1 25.7±4.4 34.4± 1 2.2 28. 1 ±4.9 
Specific growth rate 0.008±0.002 0.007±0.002 0.01 ±0.004 0.007±0.001 

Week. 1 0  
Number (x1 O" I'') 3.6±0. 1 4.4±0. 1 2.9 ±0.4 3.2±0.03 
Productivity (x1 0� mg C mi·• day·') 30.2±6.5 27.3±8.5 28.8±3.9 31 .9±6.3 
Specific growth rate 0.009±0.002 0.007±0.002 0.01 ±0.002 0.01 ±0.002 

Sediment 
Week 1 
Number (x1 012 m·• cm'') 5.8±0.3 4.9±0.3 8.5± 1 .7 5. 1 ±0.5 
Productivity (x1 Q-4 mg C cm4 day-') 26.9±2.7 33.3±2. 5  22.6±6.7 21 .2±4.5 
Specific growth rate 0.004 ±0.0002 0.006±0.0001 0.003±0.001 0.004 ±0.0004 

Week s 
Number (x1 0'2 m·• cm·') 1 0.2±0. 1 9.8±0. 1 9.2 ± 1 . 3  8.4 ± 1 .4 
Productivity (x1 0 ... mg C cm4 day·') 9.4±1 .8 1 0.9±2.6 1 1 .9±2.3 1 5.4±6.6 
Specific growth rate 0.001 ±0.0002 0.001 ±0.0003 0.001 ±0.0003 0.002±0.002 

Week 1 0  
Number (x1 012 m·• cm·') 8.8±0.4 1 0.0±0.4 1 0. 1 ± 1 .0 9.4±0.5 
Productivity (x1 0 ... mg C cm4 day·') 25. 1 ±8.5 28.7±5.9 25.4±5.0 24.9±4.5 
Specific growth rate 0.003±0.001 0.003 ±0.001 0.002±0.001 0.002±0.003 

Values are means ± SE. U = unprepared, P = prepared; L = low feeding rate; H = high feeding rate. 

Treatment effects were not significant for any time period for either bacterial numbers or productivity 
(P >0.05) and there were no significant interactions between preparation and feeding rate (P >0. 05) . 
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TABLE 6 

Major categories of benthos and their relative abundance in meiobenthos, 
macrobenthos and prawn stomach samples taken during or fol lowing a 71 
day experiment with Penaeus monodon in pools 1 •  

Relative abundance2 

Phylum Chlorophyta 
Phylum Chryosphyta 

Class Bacil lariophyceae 
Super Phylum Protozoa 
Phylum Sarcodina 

Class Rhizopoda 
Phylum Cil iophora 

Class Cil iatea 
Phylum Cnideria 

Class Hydrozoa 
Phylum Nematoda 

Class Adenophora 
Phylum Mollusca 

Class Gastropoda 
Class Bivalvia 

Phylum Annelida 
Class Polychaeta 

Phylum Arthropoda 
Class Ostracoda 
Class Copepoda 
Class Cirripedia 
Class Malacostraca3 
Class lnsecta 

Phylum Bryozoa 
Class Gymnolaemata 

Meio
benthos 

N 

c 

A 

c 

R 

A 

R 
R 

R 

A 
A 
N 
N 
N 

N 

Macro
benthos 

A 

N 

R 

N 

N 

R 

N 
c 

A 

N 
N 
R 
A 
R 

c 

Organisms were usually only classified to class 
N = none found, R = rare, C = common, A = abundant 

Prawn 
stomachs 

c 

R 

c 

N 

R 

N 

N 
c 

R 

R 
A 
R 
A 
c 

R 

2 
3 Prawn exuviae were abundant in stomach contents and some prawn 

tissue was also found 
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TABLE 7 

Summary of analysis of variance results comparing the effects of pond 
preparation (P) , feed rate (F) and their interaction on the abundance of the 
five major categories of meiobenthos found in the sediment of pools during 
Weeks 1 ,  5 and 1 O of a 71 day experiment with Penaeus monodon. 

Meiofauna 
Category P 

Protozoans ** 

Nematodes ** 

Cope pods *** 

Diatoms ns 

Others2 ** 

Time of sampling 1 

Week 1 Week 5 

F PXF P F PXF P 

* ns ** ns * * 

ns ns * * ns *** 

ns ns ns ns ns ns 

ns ns ns ns ns ns 

ns ns ns ns ns ns 

Week 1 0  

F PXF 

ns ns 

ns ns 

ns ns 

* ns 

ns * 

P = preparation ;  F = feeding rate ; PXF = interaction between 
preparation and feeding rate. *** = P < 0.001 ; ** = P < 0.01 ; * = 
P < 0.05; ns = not significant P>0.05 

2 Others include: Forams, ostracods, hydrozoans, bryozoans, 
amphipods and barnacles 
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TABLE 8 

Number of stomachs examined, number of empty stomachs and occurence 
(%) of major food categories in the stomachs of prawns from each treatment 
combination in a 71 day experiment with Penaeus monodon in pools. 

Treatment Combination1 

UL  UH PL PH 

Number of stomachs 
examined 57 60 58 42 

Number of empty 
stomachs 1 5  1 5  1 8  1 1  

Occurence %2 

Copepods 1 4.2±7.7 26.7±8.6 8.7± 1 .9 2.4±2.4 

Insect remains 5. 1 ± 1 .7 1 1 .7±3.2 8.7±3.3 2.4±2.4 

Algae 23.3±6.6 1 5.0±6.9 8.6±3.3 26.2±9.5 

Remains of 
prawn exuviae 35.3±9.0 30.0±4.3 1 6.8±7.9 45.2± 1 6.7 

Artificial feed 42.4±5.3 43.3± 1 2.9 43.2±5.9 40.5±6.3 

Others 8.7±5.3 0 8.7±5.3 9.5±4.8 

U = unprepared, P = prepared, L = low feeding rate, H = high 
feeding rate. 

2 Number of stomachs containing one or more individuals of each food 
category expressed as a percentage of the total number of stomachs 
examined (Hyslop, 1 980) . Values are means ± standard error (n =4 
repl icate pools for UL, UH and PL and n =3 replicate pools for PH) . 
The effects of preparation,  feeding rate or their interaction did not 
effect the number of prawns (expressed as a percentage) with empty 
stomachs or the occurrence of any category (P>0.05) . 
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TABLE 9 

Comparison of bacterial numbers and productivity in pools with some other marine 
environments 

Productivity8' 
Number (mg C m·3 day·1 or 

Site (t1 or m-2 cm-1 ) mg C m-2 day·1 cm-1) Reference 

Water 

Poolsb 2.3x1 09 - 8. 7x1 09 5.4 - 79.0 P resent study 

Malaysian prawn 
ponds 8.8x1 a9 - 2.6 x 1 010 888 - 2088 Moriarty, 1 986a 

Fertilised 
tank water 44.9x1 07 - 73.2x1 07 Jana et al. , 1 980 

Seagrass beds 2.8x1 a9 - 6.8x1 a9 2.4 - 7.2 Moriarty and Rolland, 1 981 

Open ocean 0.2x1 Q8 - 5.8x1 Q8 0.8-2.73 Douglas et al., 1 987 

Open ocean 5x1 a8 - 2.Sx1 a9 1 .9 - 1 9.2 Futvman and Azam, 1 980 

Sediment 

Poolsb 4.0x1 012 - 1 2.3x1 012 6.2 - 44.0 P resent study 

Malaysian prawn 
ponds 5.3x1 013 - 2. 1 x1 014 244 - 504 Moriarty, 1 986a 

Seagrass beds 4.3x1 013 - 1 .  7x1 014 48 - 1 68 Moriarty and Rolland, 1 981 

Coastal 
sediments 9. 7x1 012 - 4. 1 x1 013 1 6.8 - 40.8 Fallon et al. , 1 983 

a Units for water: t1 and mg C m-3 day-1 • Units for sediment m-2 cm-1 and mg C m-2 
day-1 cm-1 

b Range for all treatment combinations over all sampling periods (n=45) 
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Figure 1 0. 1  Growth of Penaeus monodon (a) and average minimum and 

maximum water temperatures (b) in pools over two-week intervals of 

a 71 day experiment with different pond preparation and feeding 

rates .  Values are means for n =4 repl icate pools for UL, UH and PL 

and n =3 repl icate pools for pH. Bars = standard error of the mean. 

W = week. 
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Figure 1 0.2 Food conversion ratios (S) for Penaeus monodon in pools at two

week intervals of a 71 day experiment with different pond preparation 

and feeding rates. • = unprepared pools with low feeding rates 

(UL) ;  • = unprepared pools with high feeding rates (UH) ; "' = 

prepared pools with low feeding rates (PL) ; 0 = prepared pools with 

high feed rates. Symbols = means (n =4 replicate pools for UL, UH 

and PL and n =3 replicate pools for PH) .  Bars = standard errors . 
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Figure 1 0.3 Abundance of major categories of meiobenthos in pools stocked with 

Penaeus monodon during a 71 day experiment with different pond 

preparation and feeding rates .  UL = unprepared pools with low 

feeding rates ; UH = unprepared pools with high feeding rates ; PL = 

prepared pools with low feeding rates ;  PH = prepared pools with 

high feeding rates. Values = (n =4 replicate pools for UL,  UH and PL 

and N =3 replicate pools for PH) . Bars = standard error. Where a 

standard error bar is broken the standard error of the mean is given. 

a = Week 1 ;  b = Week 5; and c = Week 1 0. 

• = protozoans 

� = nematodes 

t2I = cope pods 

§§! = diatoms 

1111 = others 

I 
I 

I 
I 
I 
I 
J 

I 
J 
I 
I 
J 
J 
J 
l 
J 



I 
1 5 1  

I 
a 

l � 1 1 0� 
I 

� 100 
.. I 
E so co ... ., 40 .a 
E :::J z 

0 
UL UH PL P H  

I b 

I � 160� 
I 

.. 140 
'e 
CID ... 6 ., .a 
E :::J z 

I 
I 0 

U L U H P L  P H  

c 

180� 
� 1 70 
E 
fl) 60 ... ., .a 
E :::J 40 z 

20 



152 

Figure 1 0.4 Abundance {%) of major categories of macrobenthos in pools with 

Penaeus monodon after a 71 day experiment with d ifferent pond 

preparation and feeding rates. Values are means {n =4 repl icate 

pools for UL, UH and PL and n =3 repl icate pools for PH) . 

a = unprepared , low feeding rate {UL) 

b = unprepared, high feeding rate (UH) 

c = prepared, low feeding rate (PL) 

d = prepared , high feeding rate {PH) 
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4 GENERAL DISCUSSION 

1 5 4 

The overall objective of this study was to improve prawn farming pond 
management. During a series of bioassays, conducted in aquaria, the acutely toxic 
(96 h LC50) and growth reducing concentrations for a number of critical 
environmental variables were determined (Chapters 2.2-2.5) . These concentrations 
provide a basis for managing water quality in prawn culture systems. During three 
separate longer-term experiments in 9- 1 0 m2 model ponds (pools) the effects of 
different fertil isation regimes, stocking densities, pond preparation and feeding 
rates on prawn production and water quality were evaluated (Chapters 3.2-3.4) . 
The bioassay results were used to assess whether changes in water quality due to 
the use of different pond management regimes affected prawn growth or survival . 

4. 1 SPECIES 

After a number of failed projects involving a range of species (Heasman, 1 984) , 
early com mercial prawn farming in Australia was based on M. macleayi, as was 
much of the experimental prawn farming research in New South Wales (Maguire, 
1 980; Maguire and Allan , 1 985) , and this species was used in the early experiments 
here (Chapters 2.2 and 2.3) . When these experiments were conducted, P. 
monodon juveniles were not avai lable. However, as the commercial industry 
developed , hatcheries began producing P. monodon postlarvae and this species 
quickly dominated the infant prawn culture industry in Australia (Maguire and Allan , 
1 991 ) .  P. monodon accounts for 46 % of total aquaculture production from 
penaeids (Rosenberry, 1 99 1 ) and this species was given priority for subsequent 
experiments. Although there is a lot of published information on P. monodon 
culture, there had been surprisingly little research on environmental requirements 
for juveni les and much of the pond management literature is orientated to extensive 
culture and/or is not applicable to Australian conditions and farming practices. 

4.2 B IOASSAYS 

4.2. 1 Procedures 

The acutely toxic and growth reducing concentrations of ammonia, DO and pH 
were assessed using procedures designed for aquatic pollutant toxicology 
(Sprague,  1 969, 1 970, 1 971 ; APHA, 1 971  ) .  The suitabil ity of these methods for 
prawns had to be assessed before the major experiments could commence. Not 
feeding animals during acute bioassays and the avoidance of experimental 
cond itions which might affect the toxicity of the test solution, were recommended 
(APHA, 1 97 1 ) .  Sediment in aquaria may affect the concentration of ammonia by 
providing a substrate for nitrifying bacteria. However, as cannibalism among 
penaeids can be a problem,  especially when sediment is not provided for 
burrowing (Subrahmanyam and Oppenheimer, 1 969; Otazu-Abril l  and Ceccaldi ,  
1 981 ) ,  or  when prawns are not fed ,  the effects of absence of sediment on prawn 
mortal ity (and cannibalism) and growth had to be assessed. As aeration was 
essential for chronic bioassays where animals were being fed, the effects of 
aeration on ammonia concentrations also had to be determined. 
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Continuously-flowing water was advocated (Sprague, 1 969; APHA, 1 971 ) and was 
used for most bioassays. The first two experiments with M. macleayi (Chapter 2.2) 
were conducted before the facil ities for continuous-flow were installed and static 

. bioassays with daily water exchange were used. Accurate control of pH was not 
possible during continuous-flow bioassays, using the facil ities available, and the 
experiments with P. monodon described in Chapter 2.5 were also conducted using 
static bioassays with daily water exchange. This provided the opportunity to 
compare growth of both species in continuous-flow and static bioassays. The 
average growth rate of M. mac/eayi in controls during the static bioassay described 
in Chapter 2.2 was 0.058 g day·1 , which was approximately 1 9  % slower than that 
recorded in the control aquaria during the continuous-flow bioassay described in 
Chapter 2.3 (0.071 g day1) . Both experiments were conducted without sediment 
with simi lar temperature, sal in ity and food and feeding regimes. Differences in 
growth rates for the faster growing species, P. monodon, were even greater. The 
average growth rate for P. monodon in control aquaria during the static bioassay 
was 0.096 g day· 1 (Chapter 2.5) which was 47 % and 39 % respectively slower than 
that recorded in control aquaria using continuous-flow bioassays (0. 1 8 1  g day·1 ; 
Chapter 2.3 and 0. 1 57 g day·1 ; Chapter 2.4) . Wickins ( 1 981 ) concluded that 
sensitivity to a pollutant was related to growth rate and that prawns growing 
maximally tended to show greater sensitivity. The use of continuous-flow rather 
than static bioassays is therefore preferable, at least for the two penaeid species 
studied here. 

4.2.2 Acclimation 

One of the l imitations of standard toxicological bioassays is that critical 
concentrations, especially acutely toxic concentrations, are estimated following 
abrupt or rapid exposure of experimental animals to test solutions. The effects of 
increased tolerance fol lowing acclimation are generally not considered despite 
considerable evidence for crustaceans and fish that acclimation can significantly 
increase tolerance to adverse water qual ity variables (Shepard, 1 955; Preston, 
1 985a, 1 985b) . The apparent tolerance of P. pencillatus to high ammonia 
concentrations described by Chen et al. ( 1 988) may have been partly due to 
accl imation to gradual ly increasing ammonia concentrations. 

This problem is not as great for chronic toxicity tests where responses to a range 
of concentrations are measured for a longer period (e.g . ,  three weeks as used in 
the present study; see Chapters 2.3 and 2.5) . Skidmore ( 1 982) noted that chronic 
toxicity tests (of greater than seven days duration) to derive water quality criteria for 
toxic substances were preferred when framing regulations for northern hemisphere 
countries. Another method of deriving acutely toxic values is the use of 
experiments where concentrations of the test solution are changed gradually until a 
critical maxima (or minima) is reached (Kilgour and McCauley, 1 986) . Clearly a 
standard technique is necessary to al low comparisons, e .g . ,  between species and 
l ife stages, and to ensure results are reproducible. Critical values determined using 
gradual changes in  the concentration of the water qual ity variable (to account for 
acclimation) would only be relevant to culture situations where that variable 
increased at a similar or slower rate. Critical values determined using these types 
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of experiments may overestimate tolerance under actual culture conditions. 

4.2.3 Experimental design 

All bioassays were designed with three, randomly allocated ,  replicate aquaria for 
each treatment. As most of the bioassays were used to generate response curves 
(Chapters 2.3, 2.4 and 2.5) , it was considered preferable to have a large number of 
treatment levels, to cover as wide a range of concentrations as possible, and fewer 
replicates,  rather than fewer treatment levels and more repl icates. 

The abil ity to detect differences between treatment means for prawn weight gain 
using the bioassay facil ities with three replicate aquaria per treatment was 
estimated as described by Roberts (1 983) . This analysis required an estimation of 
the mean and standard deviation for experimentation error in aquarium 
experiments. During one experiment (Chapter 2.4) , growth of P. monodon was not 
affected by treatment (P > 0.05) . The overal l mean ± standard deviation for prawn 
weight gain (3.08 ± 0.39 g prawn- 1 )  for all aquaria in this experiment (n =21 
aquaria) was calculated to provide the best available estimate of variation in the 
bioassay facil ity. Results showed that, using three replicate aquaria, a d ifference in 
prawn weight gain of 25 % could be detected at P =0.05, indicating that the 
experimental facil ities and procedures were not particularly sensitive for separating 
treatment effects. However, eight replicates would have been necessary to detect 
a 1 5  % difference in prawn weight gain between treatments and it was not 
logistically possible to provide this many replicates for bioassays. Where two or 
more factors were being investigated (Chapters 2.2, 2.3 and 2.5) , factorial designs 
were used as these are more powerful, especially where interactions between 
factors are not significant (Underwood, 1 981  ) .  

4.2.4 Interaction between water quality variables 

Critical concentrations for adverse water quality variables are very useful for prawn 
farmers or hatchery operators as they provide a basis for water quality 
management decisions. This is especially useful where only one variable is 
affected, e .g . ,  through an aeration system fai lure. However, when water quality 
deteriorates ,  several variables often interact. For example, in ponds when algal 
blooms crash and large quantities of organic material are deposited on the pond 
bottom and are subsequently decomposed by microbial action, rapid reductions in 
DO and pH can occur simultaneously, as can the liberation of large quantities of 
ammonia and the production of other toxic substances such as H2S (Boyd, 1 982) . 
It is therefore also important to consider the interaction of water quality variables at 
potentially adverse concentrations. 

The increased toxicity of ammonia to P. monodon when DO concentrations were 
reduced (Chapter 2.3) , demonstrates a synergistic relationship between these two 
water quality variables. A DO concentration of 2.2 mg 1 - 1 did not reduce the growth 
of P. monodon (Seidman and Lawrence, 1 985) . However, when combined with 
ammonia concentrations of 1 .60-1 .63 mg TAN 1 ·1 , mortal ity of P. monodon was 90.0 
% compared with only 33.3 % in aquaria with similar ammonia concentrations but 



1 5 7 

higher DO (5.7 mg 1· 1 )  (Chapter 2.3) . The interactive effects of salinity and pH were 
also demonstrated in Chapter 2.5 where a reduction in pH from 7.8 to 5.5 was less 
growth-inhibiting at a lower sal inity ( 1 5 %0) than at a higher salinity (30 %0) . 

Factorial experiments which assess several variables together provide toxicity 
information which can be more relevant to farming situations. For example, the 
acutely toxic effect of ammonia was reduced for M. macleayi when sediment was 
provided (Chapter 2.2) , indicating that critical concentrations of ammonia 
determined in typical toxicity bioassays without sediment (Chapter 2.3 ;  Wickins, 
1 976b ;  Chin and Chen, 1 987; Jayasanker and Muthu ,  1 983a) wi l l  not necessarily 
extrapolate directly to culture situations. Fortunately, critical concentrations of 
ammonia determined by toxicity bioassays are l ikely to be conservative estimates 
and sti l l  have much application in the study of cultured and wild penaeids. 

Interaction between environmental and water qual ity variables can also make 
interpretation of experimental results difficult. For example, in a study to assess the 
use of steel-making waste slags as substrates for P. monodon, Chien et al. ( 1 989) 
concluded that prawn growth was reduced when no additional substrate was 
placed in aquaria. However, during that study water exchange was infrequent and 
ammonia concentrations were higher in aquaria without substrates, presumably 
due to less surface area for nitrifying bacteria in these aquaria. In their aquaria 
without substrate, ammonia concentrations may have reached growth reducing 
concentrations (Chapter 2.3) and contributed to an erroneous interpretation of 
results . 

4.2.5 Applicabi l ity of bioassay results 

During the course of the present study, results of research which determined the 
effect of reduced concentrations of DO on growth of P. monodon were published 
(Seidman and Lawrence, 1 985) . Rather than repeat this research, which was 
conducted using comparable methods to those used here ,  an experiment to 
assess the effects of short-term oxygen stress on subsequent growth was 
conducted. Prawn farmers had often asked whether prawns that survived an 
oxygen crisis in a pond would subsequently exhibit impaired growth or increased 
mortality. Results (Chapter 2.4) demonstrated that provided mass mortality was 
avoided , subsequent mortality and growth were unaffected by a single, major (0.5 
or 1 .0 mg oxygen 1 · 1 ) ,  short-term (4- 1 2 h) , DO stress. These results have obvious 
impl ications for the planning of feeding and harvesting schedules. The applicabi l ity 
of the oxygen-stress experiment, which was conducted in aquaria, to large-scale 
culture faci l ities was demonstrated during the experiment described in Chapter 3.4. 
Here a short-term reduction in DO occurred in one pool (4-8 h ;  0.6 mg 1· 1 )  during 
the last week of the experiment. On the basis of the results from the oxygen-stress 
experiment (Chapter 2.4) , a decision was made not to harvest this pool early. 
Ultimately, survival in this pool was high (86.0 %) and within the range for the other 
pools (84.7-95.3 %) . Growth of prawns in this pool during the two week period 
when the crisis occurred was also simi lar to that recorded in the other pools 
subject to the same management regime. 
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4.3 POND MANAGEMENT EXPERIMENTS 

4.3. 1 Procedures 

During pool experiments the effects of manipulating major pond management 
variables (fertil isation methods and stocking and feeding rates) on prawn 
production,  water quality and natural food resources were used. An essential first 
stage in the pond management research was to develop an appropriate 
experimental faci l ity. 

For model pond experiments (Chapters 3.2-3.4) , a set of fast draining, fiberg lass 
pools was used. Prawn survival , growth and food conversion rates for P. monodon 
in the new pools were comparable with commercial results from NSW (Al lan , 1 989) 
and Taiwan (Chen et al . ,  1 989) (Chapter 3.2) . As only 1 6  pools were avai lable it 
was also important to determine the variabil ity between repl icate pools and hence 
the minimum number required per treatment. Using the weight gain data from the 
phytoplankton and benthic pools (n = 1 2) (Chapter 3.2) a mean and standard 
deviation ( 1 1 . 95 ± 0.76 g prawn-1) were calculated. Using four replicate pools, a 
difference in weight gain of between 1 0  and 1 5  % could be detected at a 
probabi l ity level of P =0.05. 

Later experiments were therefore conducted with four repl icate pools per treatment 
(Chapter 3.3) or treatment combination (Chapter 3.4) . The val idity of this 
estimation was demonstrated during the stocking density experiment (Chapter 3.3) . 
A difference i n  average weight gain of 9.3 % was not significant (P >0.05) but a 
difference of 1 4.7 % was significant (P < 0.05) . For the final experiment (Chapter 
3.4) a more powerful factoriaJ design (Underwood, 1 981 ) was used to determine 
the interactive effects of pond preparation and feeding rate. Here the interaction 
between the two factors was not significant (P >0.05) and the effect of feeding rate 
on prawn weight gain was significant (P < 0.05) with only 4 % difference in weight 
gain between prawns fed at the high and low feeding rate. 

4.3.2 Water qual ity management 

During all pool experiments (Chapters 3.2-3.4) , pools were managed as individual 
un its. For each pool ,  water exchange and aeration were used to maintain water 
quality variables above or below the growth reducing concentrations identified 
during the water qual ity bioassays. Fol lowing resu lts from Chapter 3.2, water 
exchange and ferti l isation were also used to stimulate and maintain phytoplankton 
blooms. Measurements of DO, pH and/or chlorophyll a concentration were used to 
indicate the intensity of phytoplankton blooms and when bloom 'crashes' were 
imminent. Managing pools within experiments as individual units is similar to the 
approach adopted by commercial prawn farmers and enabled an estimation of the 
effects of d ifferent management practices on water quality control procedures (i .e . ,  
aeration ,  water exchange and ferti l isation. However, it  was not always possible to 
maintain optimum water qual ity and when it did deteriorate, the results from the 
water qual ity bioassays helped assess whether the changes in water qual ity 
variables caused by different pond management practices were l ikely to affect 
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prawn survival or growth. 

4.3.3 Natural food 

Results from the l iterature emphasised the importance of natural food in the diet of 
pond cultured penaeids (Anderson, et al . ,  1 987; Rubright et al . ,  1 981 ) .  During the 
present study, the best growth results were recorded in pools which had been 
prepared for the longest period of time (Chapter 3.2) . Even for prawns fed to 
excess, increasing the period of pond preparation from two-three days to one 
month , was associated with an increase in individual prawn weight gain of 21 % 
(Chapter 3.4) . 

During the experiment to determine optimum stocking density (Chapter 3.3) , prawn 
growth declined as density increased. On the basis of bioassay results, reductions 
in growth could not be explained by water quality. Previous researchers had 
suggested that reduced growth following an increase in prawn biomass was due to 
reduced abundance of natural food items following increased grazing pressure 
(Hanson and Goodwin,  1 977; Rubright et al . ,  1 981 ; Maguire and Leedow, 1 983; 
Ordner and Lawrence, 1 987) . However, this hypothesis was not supported by 
resu lts from the present study. During the stocking density experiment, there was 
a reduction in macrobenthos, but surprisingly, meiobenthos was more abundant in 
pools stocked at higher densities. This suggested that factors other than the 
availabil ity of natural food were affecting prawn growth. Reduced feeding activity, 
including a reduction in the consumption of supplementary pellets, occurred during 
the stocking density experiment. Similarly, although growth was reduced over time 
in the pond preparation and feeding rate experiment (Chapter 3.4) , there was no 
indication that abundance of meiobenthos declined over time. The unexpected 
decl ine in growth over time during the experiments described in Chapters 3.3 and 
3.4 may be associated with the buildup in reduced sediments over time in the 
same way that grazing activity of Tilapia in fish ponds declined as sediments 
became chemically reduced during farming trials (Avnimelech and Zahar, 1 986) . 
The higher number of prawns with empty stomachs after the longer experiment ( 1  O 
weeks) described in Chapter 3.4 (25-31 % of prawns examined) compared with the 
eight week experiment described in Chapter 3.3 (7 % of prawns examined) may be 
associated with a reduction in grazing over time as sediment condition 
deteriorated. 

4.4 FUTURE RESEARCH 

There are a number of other water qual ity variables for which critical concentrations 
were not determined during this study and which could l imit production of 
penaeids. These include n itrite, nitrate and hydrogen sulphide. Nitrite and nitrate 
concentrations recorded during early farming trials (Maguire and Al lan, 1 985) and 
pond management experiments (Chapters 3.2, 3.3 and 3.4) were much lower than 
critical values reported for juvenile penaeids (Wickins, 1 976b; Chen et al . ,  1 990) , 
and further research on these variables is not considered a priority. However, very 
little information is available on the concentrations of hydrogen sulphide in prawn 
culture environments although prawns are susceptible to low levels {Shigueno, 
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1 975; Tsai, 1 990) . The estimation of critical concentrations for this variable was 
beyond the scope of the present study, although it is a priority for future research. 
The effect of hydrogen sulphide, as well as other factors associated with reduced 
sediments, on prawn grazing and feeding should also be investigated. 

The use of feeding rates which were approximately half those recommended in 
practical prawn farming manuals or by commercial prawn feed manufacturers did 
not result in any significant differences in prawn yield and only very minor 
d ifferences in prawn weight gain (Chapter 3.4) . Major improvements in food 
conversion efficiency and consequently a reduction in feed costs were however, 
apparent. There is a major need to experimentally determine optimum feeding 
rates for different size prawns, in both sub- and tropical conditions. 

4.5 SUMMARY 

The bioassay section of this study provides, for the first time, estimations of lethal 
and growth reducing concentrations for the major production-l imiting water quality 
variables for P. monodon. These critical concentrations were assessed using 
comparable experimental facil ities and procedures. Unl ike the majority of previous 
studies, continuous-flow rather than static bioassays were generally used and 
growth reducing concentrations were established following growth experiments 
rather than using estimates of acutely lethal concentrations and an 'application ' 
factor. The interactive effects of a number of variables were also assessed which 
provided relevant information for actual culture situations. 

Prawn farming ponds are complex ecosystems which farmers attempt to manage 
by stimulating and maintaining rapid prawn growth. This study quantified the 
effects of some of the major management strategies, not only on prawn survival 
and growth but also on other aspects of the pond ecosystem including bacteria, 
meio- and macrobenthos, algae and water quality. The effects of the pond 
management strategies examined on prawn growth and aspects of the pond 
ecosystem are summarised in Table 4. 1 . All the management strategies assessed 
affected chlorophyll a concentrations and many affected other water quality 
variables. The effects of management strategies on these variables would have 
been even more pronounced if each model pond had not been managed on an 
individual basis to sustain algal blooms and maintain water quality. 

A useful experimental system for pond trials was developed to assess the effects of 
major pond management strategies on survival , growth and food conversion 
efficiency for prawns, as well as many other aspects of the pond ecosystem. 

The results and recommendations in this report should allow prawn farmers to 
manage their ponds on a less empirical basis, reduce the l ikel ihood of water quality 
crises and help farmers to deal with them when they do occur and ultimately 
increase the production of cultured prawns. 



TABLE 4. 1 

A summary of the relationships between pond management strategies and aspects of the prawn farming pond ecosystem1 

Management strategy 

Water exchange rate4 

Fertilisation regime7 
Stocking density9 
Pond preparation12 
Feed rate12 

Bacteria 

na 
na 
na 
* 1 3 

ns 

Algae2 

* 
* 
* 

* 
* 

Variable 

Melo- Macro-
benthos bent hos 

na na 
na na 
1 0  1 0 
* 1 4  ns 
* 1 4  ns 

na = not assessed;  ns = not significant (P >0.05) ;  * = significant relationship (P <0.05) 
Phytoplankton, as indicated by chlorophyll a concentration 
Prawn weight gain 
See Chapter 3. 1 
Mass mortality occurred in one pool where no water was exchanged 

Prawns3 

ns5 

ns8 
* 

* 

* 

DO was affected by water exchange rate when stocking density was 47 prawns m·2 but not when 20 prawns m·2 
See Chapter 3.2 

DO 

*6 

ns 
* 

ns 
* 

pH NH3 P04 

ns ns * 
* * * 

ns ns1 1  ns 
ns ns ns 
* * ns 

2 
3 
4 
5 
6 
7 
8 Prawn growth was not affected by fertilisation regime but was reduced (P < 0.05) in ponds with benthic algae mats where filamentous algae blooms also 

developed 
9 

1 0 
1 1  
1 2 
1 3 
1 4 

See Chapter 3.3 
Treatment effects were obvious even though the data were not statistically analysed 
Average NH3 concentrations increased with stocking density but data were too variable to statistically detect differences (P >0.05) 
See Chapter 3.4 
Total numbers and productivity of bacteria in the water column were affected by preparation. Bacteria in the sediment were unaffected (P >0.05) 
Some categories only 
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5 SUMMARY 
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Acutely toxic and growth-reducing concentrations of ammonia, dissolved oxygen 
(DO) and pH were determined for juvenile penaeids in 70 I aquaria. These results 
were then used during 8-1 2  week experiments where the effects of different water 
exchange rates, fertil isation regimes, stocking densities, pond preparation periods 
and feeding rates on prawn production indices and water qual ity were assessed. 

For ammonia, the 96 h LC50 values were 1 .69 and 1 .39 mg un-ionised ammonia
nitrogen (UAN) 1- 1  tor Penaeus monodon Fabricius and Metapenaeus mac/eayi 
(Haswell) respectively. Low DO for 96 h increased the acute toxicity of ammonia to 
P. monodon. Provision of a sediment layer reduced the acute toxicity of ammonia 
to M. mac/eayi. ' Maximum acceptable' concentrations, that reduced growth only 
by 5 % (EC5 values) over three weeks, were 0.21 mg UAN 1-1 for P. monodon and 
0.35 mg UAN 
1- 1 for M. macleayi. 

For DO, the 96 h LC50 to P. monodon was 0.9 mg 02 1-1 • Short-term, severe DO 
stresses did not reduce subsequent growth of P. monodon. For pH, the 96 h LC50 
to P. monodon was 3.7 pH. The EC5 for pH was 5.9 at 30 %0 sal inity. Interactive 
effects of pH and salinity on growth, moulting frequency and osmoregulation are 
described. 

In  pools (9-1 O m2) used as model prawn farming ponds, increasing regular water 
exchange rates from 0 to 20 or 40 % day1 did not increase survival or growth of M. 
mac/eayi, however, nutrient and phytoplankton concentrations were reduced. 

For P. monodon, weight gain decreased exponentially with increased stocking 
density in the range 5 to 40 prawns m·2, whereas biomass gain and food 
conversion ratio increased and feeding activity and food conversion efficiency 
decreased. A longer period of pond preparation resulted in a 20 % increase in 
growth for P. monodon. Results indicated that a 50 % reduction in commercially 
used feeding rates can be achieved without affecting production of P. monodon in 
sub-tropical conditions. The dynamics of bacteria, algae, meio- and macrofauna 
and prawn feeding behaviour, in relation to pond management practices , are 
discussed. 

These results provide a basis for objective farm pond management. They should 
assist farmers to manage prawn farming ponds on a less empirical basis, reduce 
the l ikelihood of water quality crisis and increase pond production. 
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6 TRANSFER OF RESULTS TO INDUSTRY 

a 

b 

c 

d 

6. 1 SCIENTIFIC PUBLICATIONS 

Effect of sediment on growth and acute ammonia toxicity for the school 
prawn Metapenaeus macleayi (Haswell) . 

Authors : G L Allan and G B Maguire. 

Publ ication detai ls :  For submission to Aquaculture. 

Acute and chronic toxicity of ammonia to juveni le Metapenaeus macleayi and 
Penaeus monodon and the influence of low dissolved-oxygen levels. 

Authors : G L Al lan , G B Maguire and S J Hopkins, 1 990. 

Publ ication Details :  Publ ished in Aquaculture, 9 1 : 265-280. 

Lethal levels of low dissolved oxygen and effects of short-term oxygen stress 
on subsequent growth of juveni le Penaeus monodon. 

Authors :  G L Allan and G B Maguire,  1 991 . 

Publ ication details : Publ ished in Aquaculture, 94: 27-37. 

Effects of pH and sal in ity on survival , growth and osmoregulation in Penaeus 
monodon. 

Authors : G L Allan and G B  Maguire. 

Publ ication detai ls :  Accepted for publ ication in Aquaculture. 

e The use of model prawn farming ponds to evaluate fertil isation strategies for 
pond culture of Penaeus monodon. 

f 

Authors : G L Allan and G B Maguire. 

Publ ication detai ls : Submitted to J Aquaculture and Fisheries Management. 

Effects of stocking density on production of Penaeus monodon Fabricius in 
model farming ponds. 

Authors : G L Allan and G B Maguire. 

Publ ication detai ls : Accepted for publ ication in Aquaculture. 
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g The effects of food preparation and feeding rate on Penaeus monodon 

Fabricius production, pond water quality and the dynamics of bacteria and 
benthos in model prawn farming ponds. 

Authors :  G L Allan and G B Maguire. 

Publ ication details: For submission to Aquaculture. 

6.2 CONFERENCE PROCEEDINGS 

a Pond management - Environment requirements. (Appendix 1 .) 

b 

Authors :  G L Al lan, 1 987. 

Publication detai ls: Summary papers of First Australian Prawn Farming 
Research Workshop, Brackish Water Fish Culture Research Station 
(BWFCRS) 1 7- 1 8 August, 1 987 - BWFCRS, Salamander Bay, pp. 1 8-21 . 

Water quality and grow-out pond management. (Appendix 2a.) 

Authors :  G L Allan, 1 987. 

Publication details: In :  G. B. Maguire (Editor) , Proc. Prawn Farming 
Workshop, North Coast Agricultural Institute, Wollongbar, 1 1  December 
1 987. Brackish Water Fish Culture Research Station, Salamander Bay, pp. 
40-48. 

c Summary of results of prawn farming research at the Brackish Water Fish 
Culture Research Station ,  Salamander Bay, 1 986-1 987. (Appendix 2b.) 

Authors :  G B  Maguire and G L Allan ,  1 987. 

Publ ication detai ls: In : G. B. Maguire (Editor) , Proc. Prawn Farming 
Workshop, North Coast Agricultural Institute, Wollongbar, 1 1  December 
1 987. Brackish Water Fish Culture Research Station, Salamander Bay, pp. 
54-58. 

d Prawn farming research in model ponds. (Appendix 3.) 

Authors :  G L Allan and G B Maguire, 1 988. 

Publ ication details: In : J. Paynter and N. Preston (Editors) , Proc. Third Ann .  
Cont. Aust. Mariculture Assoc. , Lismore, June 1 988, Aust. Mariculture Assoc. , 
Brisbane, pp. 88-96. 
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e Results for commercial and experimental prawn farming ponds in New South 

Wales during 1 988/89. (Appendix 4.) 

f 

a 

b 

Authors : G L Allan , 1 990. 

Publ ication details : In :  J. Paynter and N. Preston (Editors) , Proc. Fourth 
Ann .  Conf. Aust. Mariculture Assoc. ,  Brisbane, July 1 989, Aust. Mariculture 
Assoc. ,  Brisbane, pp. 5 1 -57. 

Lethal effects of acidified seawater on Penaeus monodon and the interactive 
effects of sal inity and pH on sub-lethal effects. (Appendix 5.) 

Authors : G L Al lan and G B Maguire, 1 991 . 

Publ ication detai ls : In :  P .  J .  F. Davie and R. H .  Quinn (Editors) , Proc. 1 990 
International Crustacean Conf. , Brisbane 2-6 July 1 990, Mem. Qld. Museum,  
31 : 420. 

6.3 POPULAR ARTICLES 

Water quality parameters to water in prawn farming. (Appendix 6.)  

Authors : G L Allan and G B Maguire ,  1 987. 

Publication details : Austasia Aquaculture Magazine, 2(5) : 5-7. 

First Austral ian prawn farming research workshop. (Appendix 7.) 

Authors : G L Allan and G B Maguire ,  1 987. 

Publ ication details :  Austasia Aquaculture Magazine, 2(6) : 1 4- 1 5. 

6 .4 PRAWN FARMER VISITS 

During the course of this grant every prawn farmer in NSW and southern 
Queensland was visited at least three times by G Allan and G Maguire and most 
farmers in north Queensland were visited at least once. During these visits results 
of the research described in this grant report were communicated to the farmers as 
were the impl ications for farm management. 
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7 APPENDICES 

APPENDIX 1 .  

1 6 6 

Summary of paper presented at the first Australian prawn farming research 
workshop, Brackish Water Fish Culture Research Station 1 7- 1 8th August, 1 987, by 
Geoff Allan. 
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Environmental Requirements 

Geoff Allan (N.S.W. Department of Agriculture> listed some of 
the major environmental variables which affect prawn growth 
and survival. He also sunnnarised research results from the 
Brackish Water Fish Culture Research Station and other 
published information on the requirements of several species 
used by Australian prawn farmers. Although the environmental 
variables were discussed separately Geoff stressed that it 
was the interaction between variables which affected prawn 
growth and survival in a farming situation . 

Temperature 

Species 

Ketapenaeus 1114C.l ec1y.i 
<school prawn) 

Penaeus J110nodon 
<leader prawn) 

Upper 
lethal 
Limit 

'roe 

34-35 

39-42 

Lower 
Lethal 
Limit 

'roe 

<6 

7-9 

Optimum 
Growth 

Optimum 
Food 

Conversion 
'roe 

21-2718-27 

27-3324-33 

The results for optimum temperature for growth and food 
conversion indicate that even at sub-optimum temperatures, 
reasonable production returns can be achieved provided feed 
inputs and consumption rates are accurately monitored and 
reduced during cooler weather. 

Temperature requirements are of obvious use when se lecting 
climatic regions to locate prawn farms and also when planning 
which species to farm during dif ferent seasons . 

Salinity 

One method which has been used to indirectly estimate optimum 
salinity for growth is to determine the isosmotic point <that 
point where the osmotic pressure in the blood equals that of 
the surrounding water ) . 

Data for 11 species of penaeids were presented which showed 
that the isosmotic point was similar and relatively high <23-
30%0> for a range of penaeid species . However prawn farmers 
from Taiwan and south-east Asia consider that the optimum 
salinity for growing the leader prawn is 10 - 25%0 which is c 
onsiderably lower than its isosmotic point . The need for 
more research on salinity requirements particularly in terms 
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of effect on other environmental variables and on biol�gical 
processes in prawn grow-out ponds < e.g. on the natural 
productivity of ponds> was discussed. . 
Salinity data, preferably over several years, is very useful 
when selecting sites for prawn farming. As with temperature 
data, the salinity regime in a particular region <especially 
where there is a pronounced wet and/or dry season> should be 
considered when planning production strategies, e.g. the 
timing of stocking and harvest and also the choice of 
species . Rainfall data for several centres was presented. and 
used to show the extent and severity of the dry season in 
many regions in northern Australia. During the dry season 
high salinities <often hypersaline> will be experienced at 
prawn farms which do not have access to abundant supplies of 
freshwater. 

Dissolved oxygen 

Dissolved. oxygen is the major production limiting variable in 
prawn farms. Especially on hot still mornings when there is 
a high organic load in ponds or following the crash of an 
algal bloom, low dissolved oxygen levels leading to reduction 
in growths or even death of prawns can and do occur. The 
maintenance of a moderate algal bloom helps to maintain 
adequate dissolved oxygen levels. The lethal level of 
dissolved. oxygen <95 LC50 - that level which kills 50% of the 
test organisms over a 96 hr period> was estimated. as 0.86 ppm 
for leader prawns. For other penaeids lethal levels of 0.7-
1. 4 ppm < P. japon.icus> and 0. 9 ppm < P. schm.itt.D have been 
reported.. 

Physiological studies have been used to estimate critical 
levels of dissolved oxygen. The incipient limiting dissolved 
oxygen level <that level above which oxygen consumption of 
the prawn is unaffected by the ambient dissolved oxygen 
level> has been reported as being 4. 0-4.3 ppm for leader 
prawns, however, in a separate study growth of j uvenile (<1.0 
g> leader prawns at four constant dissolved oxygen levels 
(1.0, 2.0, 3. 0, and 4.0 ppm> was only reduced at the lowest, 
i.e., 1.0 ppm. 

Further research is needed on the effect of dissolved oxygen 
levels on prawn growth, including the effects of 
supersaturation and diurnal fluctuations. Information on 
dissolved oxygen requirements is essential for prawn farmers 
to plan management strategies, e.g. aeration, water exchange 
and fertilization schedules. 

Changes in the pH of pond waters can affect : 

1. acid-base status and ionic regulation, 
2 .  cardiovascular performance and oxygen transport and 
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3. the toxicity of other physic-chemical vari ables , 

e.g. ammonia <almost 10 times more toxic at pH 8 than 
7) • 

Acidic conditions can reduce prawn survival and growth and 
potenti ally harmful, low pH levels have been recorded in 
several New South Wales prawn f arming ponds. A lethal limit 
of 3. 8 <96 hr LC50> was estimated for leader prawns . Sub
lethal pH levels have been reported to reduce growth and 
moulting frequency and to result in shell weight loss 
<presumably as a consequence of exo skeletal dissolution as 
CaC03 is lost due to acidos is > . This could effect the 
marketability of prawns. 

pH can also be used as an indication o f  algal activity; 
increasing as algae remove coi during phosynthesis and 
decreasing during respiration . pH measurements can 
therefore be used to help pl an fertilization , water exchange 
and aeration schedules. 

Where acid-sulphate soils have been used or where pond waters 
become acid for other reasons, e.g. acidic ground water 
seeping into ponds, lime can be used to reduce acidity. In 
some instances several tonnes of algricultural lime CCaC�} 
per ha have been used although applicaton rates will vary 
depending upon the severity of the problem. 

Toxic Ritrogenous Wastes 

In prawn farming pond ammonia is directly excreted by prawns 
and can accumulate following decomposition of organic matter. 
At sufficiently high concentrations ammonia may inhibit prawn 
growth and depress survival rates. In solution ammonia 
exists in two forms, the highly toxic unionised form CNH3> 
and the much less toxic ionised form <NH4>· The proportion 
of each is dependant upon pH, temperature and salinity . 

Anunonia is depleted following assimilation by algae in the 
pond and following nitrification by bacteria. In grow-out 
ponds where prawns are stocked at low to moderate densities 
(<50 prawns/m2> and where a moder ate algal bloom is 
maintained high anunonia levels have not been recorded. 
However in densely stocke d larval rearing tanks, nursery 
systems or intensively farmed grow-out systems the build-up 
of anunonia could lead to problems with reduced growth a m 
ortality of prawns. The lethal levels (96hr LC50> of 
unionised anunonia for leader prawns and school prawns were 
estimate d as 1. 84 and 1.40 mg NH3-N/l respectively. The 
critical level <ECs - that level at which growth is reduced 
by 5% compare with controls> was estimated as 0. 20 and 0.33 
mg NH3-N/l respectively. Nitrite is another potentially 
toxic compound which can accumulate in aquaculture 
facilities. One study found that a concentration of 6. 4 mg 
N02-N/l reduced growth of one penaeid species by 50% over 34 
days. However, high concentration of nitrite have not been a 
problem to date in prawn farming pond trials in New South 
Wales. 
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Control of both anunonia and nitrite can be affected by 
stimulation and maintenance of an algal bloom in ponds or by 
water exchange. It is also desirable to prevent large 
amounts of organic matter from accumulating on the pond 
bottom. 

Substrate 

Although school prawns have been shown to prefer certain 
types of substrates, no significant differences in growth 
were found where school prawns and leader prawns were grown 
on a range of substrates including one treatment where no 
sediment was provided. However substrate is important for 
several other reasons including the following: 

Cl> engineering condsiderations, e.g. soil porosity, ease 
of pond construction; 

<2> silt characteristics <excess silt in water columns can 
reduce light penetration> ; 

<3> adsorbtion of chemical fertilizers e.g. phosphorous, 
to some sediment types; 

<4> accumulation of pesticides in sediments, and 
<5> problems occurring when acid-sulphate soils are used 

for pond construction. 

Pond sediments may also become chemically reduced, following 
accumulation and microbial degradation of organic material on 
the pond bottom. Inputs of organic material from excessive 
algal blooms, death or decay of prawns, detritus washed into 
pond, residual organic mater e.g. cane stubble etc., can all 
lead to problems firstly with low dissolved. oxygen <partly as 
a result of microbial respiration > and as the oxygen is 
depleted the production of hydrogen sulphide, potentially a 
very toxic compound. From a management viewpoint close 
attention must be paid to monitoring input of organic 
material especially feed inputs. 
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APPEN>IX 2. 

a Allan, G . ,  1987b .  Water quality and grow-out pond management. 
Paper presented at Prawn Fanning Workshop, North Coast 
Agricultural Institute, Wollongbar, llth December, 1987 . 

b Maguire, G.B.  and Allan, G . L . ,  1987 . Sumnary of results of 
prawn farming research at the Brackish Water Fish culture 
Research Station, Salamander Bay, 1986- 1987 . Appendix to 
printed papers, Prawn Farming Workshop, North Coast Agricultural 
Institute, Wollongbar, llth December, 1987 . 
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WATER QUALITY ARD GROW-OOT PORD HARAGEMERT 

GEOFF L. ALLAN 

Divi s ion of F i s heries , Department of Agriculture , N.S.W. 
Bracki sh Wat e r  F i s h  Cul ture Research Station , Sa l amander Bay , 

N.s.w., 2301 

The term water qua l i ty i s  u s ed to encompa s s  the whol e gamut 
of phys i c a l, chemica l and biologica l variables which interact 
to charac t er i s e  a body of water . For prawn hatcheri e s , 
nursery sys t ems and grow-out ponds the ma i ntenance of 
adequate water qua l i ty is cruc ial to ensure optimum s urviva l  
and growth of the s peci e s  be ing cul tured and i s  there f ore one 
of the major component s of good management . 

Some of the major physical, chemica l and biological water 
qual i ty varia b l e s  are l i s ted in Table 1. Although the 
interactions among al l the s e  variables can be very complex, 
for mos t  practical aquaculturi s t s  routine measurement of only 
a few variables i s  generally suf f icent to assess the 
s uitabi l i ty of the pond water for prawn culture and to 
provide the prawn farmer with the necessary information to 
des ign pond management strategies . Those variables whi c h  are 
considered to be most useful to mea sure on a routine ba s i s  
are indicated by bold type. In some locations of course , 

specif ic problems may arise for example where industrial or 
agricultural practices cause problems with heavy metal or 
pe sticide contamination. In such cases monitoring of 
add i tional variables may be nece s s ary . 

To enable the prawn farmer to interpret the res u l t s  from 
water qua l i ty mea suremen t s  and to then devise appropriate 
pond management s trategi e s , the f armer should f i rs t ly have 
s ome knowl edge o f  the requi rements of the s pecies bei ng 
cultured and s econd ly have s ome unders tanding of the major 
proce s s e s  whi c h  are occurring in the pond. 
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TABLE 1. LIST OF VARIABLES WHICH IRFLUERCB WA'l'BR QUALITY. 

Temperature * 

Salinity * 

Dissolved ozyqen * 

Bio logi c a l  oxygen demand 

Chemi c a l  oxygen demand 

pH * 

Alka l i n i ty 

Nutrient content 

Plant pigments 

Primary productivity 

ammonia <NH3> * 

nitrite <N02> 
ni trate <N03> 
phosphate <P04> 
s i l i ca <Si> 

chlorophylls a, b and c 

phaeophytin 

Total organic matter on pond bottom 

Suspended organic ma tter 

Suspended inorganic matter 

Heavy metal concentration 

Pes tic ide res idues 

Soi l characteri s tics 

S ediment condition 

Ba cteri a 

sed iment composition 
s o i l  pH 
minera ls , e . g . , i ron <Fe> 
humic compounds 

oxidation reduction poten tia l 
hydrogen sulphi de <H2S> 

Other pond fauna inc luding the anima ls being cultured 

Wind/ s o lar radiation 



17 6 

Some of the ma j or water quality variables are discussed 
below. Where available the requirements for leader prawns, 
Penaeus monodon, are given as an example. These results are 
e ither f rom research carried out at the Brackish Water Fish 
Culture Research Station, < for a summary o f  recent prawn 
farming research results please see appendices> , o r  f rom 
pub l ished information. Methods used to measure wa ter quality 
variables and the application of the results to prawn farming 
pond management are also discussed briefly. 

1 .  Temperature and Salinity 

For P. monodon postlarvae upper and lower lethal temperatures 
have been reported as being 39- 4 20C and 7-9oC <Motoh 1981 > . 
The optimum temperature for maximum growth was determined as 
27- 330C <Maguire and Allan unpublished data> while reported 
optimum salinities range from 10 - 25%0 <Maguire and Allan 
19 87>. Temperature can be easily and accurately measured 
using a thermometer although many water quali ty meters have a 
built-in thermistor. Sal inity may be measured by using a 
refractometer, salinometer or conductivity meter o r  by u s ing 
a hydrometer with a temperature correction tab l e . 

Consideration of the loca l  temperature and sali n i ty regime s 
i s  e s sent i a l  when choosing a prawn farming s ite and when 
determining whi ch s pe c i es are to be cultured during di f f erent 
times o f  the yea r . Ra i nf a l l  data is ava ilable f rom the 
Bureau of Meteorology and is very u s e f ul when assessing the 
s everity and duration of both wet and dry seasons <Maguire 
and Allan 1987). 

2. Dissolved Oxygen 

Thi s  is the mo s t  critical, production limiting , wa ter qua l i ty 
variable. A lower lethal level for P .  monodon juveni le s  wa s 
e stimated as approximately 0 . 9  ppm <Al lan et aJ, unpubli s hed 
data) with a critical level <that leve l below which growth is 
reduced> of between 1.2 and 2.2 ppm over 16 days <Se idman and 
Lawrence 1985> . Dissolved oxygen may be measured using an 
oxygen meter although for reliable mea s urements to be taken 
it is essential that meters are regularly calibrated. 
Winkler's titration may be used as an a l ternat ive or f o r  
calibrating meters <APHA 1971>. Dissolved oxygen test kits 
which employ this method are available, although it is more 
time consuming than using a dissolved oxygen meter and 
consequently less popular with prawn farmers. In a pond , 
dissolved oxygen is highest during the day and usual ly peaks 
in the late a fternoon following photosynthesis by algae in 
the pond. The more dense the algal " b loom " the higher the 
a fternoon dissolved oxygen readings. These increases are 
moderated by overcast weather. Di s s o lved oxygen wi l l  decline 
during the night as algae consume oxygen through respiration . 
Many other organisms in the pond also consume oxygen and the 
prawns themselves may be only minor consumers. When there is 
a large input o f  organic material, e. g., following pro longed 
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overfeeding or the deposition of a lot of dead algal 
material, consumption of oxygen by bacteria which decompose 
this material <microbial decomposition> can lead to a serious 
depletion in dissolved oxygen particularly when this 
situation coincides with hot still nights. Adequate 
facilities for artificial aeration, e. g. , paddle wheel 
aerators, or rapid water exchange, can alleviate prob lems 
with reduced dissolved oxygen to some extent, however it is 
essential that ponds are managed to prevent build-up of 
excess organic matter. The stimulation or maintenance of a 
moderate algal bloom will help maintain adequate dissolved 
oxygen levels. 

3. Hydrogen Sulphide <H2S> 

This is a gas produced when oxygen has been depleted and 
anaerobic microbial decomposition occurs. Even low levels 
(0.1 ppm> are reported to be stressful to prawns <Apud et al 
19 85> . The presence of H2S is easily detected by the 
characteristically black sediment and a strong "rotten egg" 
odour. Preventing the build-up of excess organic matter on 
the pond bottom i s  the best way to prevent problems with ff2S 
however draining the pond and allowing pond bottom sediments 
to completely dry out between farming trials will reduce 
problems . Applications of agricultural lime <CaCOJ> to the 
dry sediment are a lso cons idered use ful. 

4. � 

Problems with acidic conditions < low pH> in prawn farming 
ponds can occur espec ial ly where acid sulphate so i ls have 
been used . A l ower letha l pH of approximately 3 . 7  was 
estimated <Allan et al unpublished data> for P. monodon whi l e  
growth was reported to cease be l ow a pH of 5 f o r  penaeid 
aquaculture in acid sulphate soils in Costa Rica <Webber and 
Webber 1978>. pH may be mea sured using commercially 
available pH meters o r  alternatively inexpensive pH papers 
may be used, however the reliability of pH papers should be 
checked . 

Sediments can also become acidic if they contain large stores 
of slowly decaying organic matter. In ponds acidic 
conditions also reduce the availability of carbon dioxide and 
other nutrients, e.g., phosphorous, needed to stimulate an 
algal bloom. Applications of agricultural lime <CaCOJ> can 
be used to raise pH and therefore increas e the availability 
of carbon dioxide and nutrients for photosynthesis. (Boyd 
198 2>. Fertilisation can then be used to stimulate algal 
growth. 

pH measurements also provide a very useful indication of 
algal activity in ponds. As algae photosynthesise during 
daylight hours, carbon diox ide <C02> is consumed and pH 
increases. When a very dense algal bloom exists in a pond pH 
can rise above 9 . 2  <Maguire and Allan 1985>. Although 
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reduction in prawn growth at these high pH levels has not 
been recorded, very dense algal blooms can quickly deplete 
available nutrients and rapidly die leading to the deposition 
of excessive organic matter on the pond bottom which may in 
turn lead to a reduction in dissolved oxygen levels. Rapid 
water exchange can be used to dilute excessive algal blooms. 

5 .  Ammonia 

Prawns and other aquatic animals excrete ammonia directly and 
it can also accumulate following decomposition of organic 
matter. Ammonia exists in solution in two forms, a highly 
toxic unionised ("free") form and a less toxic ionised form. 
The proportion of each is determined chiefly by the pH and 
also by temperature and salinity. An upper lethal level of 
approximately 37 mg NH3-N total ammonia/l <1.8mg NH)-N 
unionised ammonia/l at pH = 8.0, temperature = 27.r:PC and 
salinity = 33%0> was estimated with growth being reduced 
above about 4.1 mg NH3-N total ammonia/l (0.2 mg NH3-N 
unionised arnmonia/l at pH = 8.0, temperature = 27.r:PC and 
salinity = 33%0> over 3 weeks <Allan ec aJ, unpublished 
data>. Ammonia can be measured using ion-selective 
electrodes and a mV meter or by using test kits designed for 
salt water. In a laboratory more sophisticated 
spectrophotometric analysis is generally used. In natural 
systems ammonia is converted through nitrite to nitrate by 
certain groups of bacteria in the sediment and is also 
assimilated directly by algae. In a well managed pond it is 
unlikely that ammonia will build up to serious levels. 

6. Pond water quality management 

Some understanding of the processes which are occurring in 
the pond will help the prawn farmer interpret the 
relationship among the key variables and why the measurements 
change over time. This information can then be used to 
anticipata potential crisis situations, hopefully in time to 
prevent them occurring. The most important initial step 
which will influence pond management is site selection. This 
will determine the materials , soil, water etc. that the prawn 
farmer will have to work with. The second step is the design 
of farm facilities; ponds, water supply and drainage 
systems, aeration equipment, etc. This will influence the 
control the prawn farmer will have over the pond environment 
and his/her capacity to respond to crises. Once a site has 
been selected and the facilities installed the prawn farmer 
must manage the pond environment to optimise water quality. 
One of the ma j or pond management strategies used by prawn 
farmers to control water quality is the stimulation and 
maintenance of a moderate algal bloom. A phytoplanktonic 
algal bloom, consisting predominantly of single celled plants 
suspended in the water column, serves several roles: 

a> Maintenance of dissolved oxygen. 
b> Assimilation of ammonia. 
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c) Reduction in l ight penetration restricting the growth of 
benth i c  <bottom dwelling> algae and reducing 
predation by wading birds. 

d> Serving as the basis for a food chain invo lving bacteria 
and other pond fauna which could constitute natura l f ood 
items for prawns. 

An algal b loom i s  o f ten initiated by a single large input of 
f ertili ser , e.g. , 60 kg/ha each of Nitram and OAP <Oiammonium 
phosphate) and maintained by the addition of relatively small 
quant i t ies o f  fertilisers, e.g., 15 kg/ha each of Nitram and 
OAP and through water exchange. The quanti ty o f  f e rt i l i s ers 
requi red to stimulate and maintain an algal b loom will vary 
great ly at di f f erent prawn farming s ites and during di f f erent 
s ea s ons depending upon the nutrient characteri s t ics of the 
pond sediment and the water supply. 

If this management strategy is adopted it is crucial that 
regular measurements of dissolved oxygen and pH a re made 
<preferably in the morning and aga in in the late afternoon). 
This a llows early indications to be obtained o f  a decline in 
an alga l bloom and hence an indication o f  when fert i l i ser 
need s to be added. Al so thi s  inf ormation will help prevent 
an exc e s s ive bloom f rom deve loping. Some typica l 
measurements o f  dissolved oxygen and pH in a pond with a 
moderate algal bloom might be 5 ppm and 7.8 in the morning 
and 10 ppm and 8.5 in the late a fternoon <Maguire and Allan 
1985>. Secchi -d i sc depth can also be a useful indication of 
the dens ity o f  an algal bloom. Heavily s tocked ponds usually 
require more intens ive water quali ty management <Maguire and 
Allan 1986>. The provision o f  emergency artificial aeration 
is recommended for all ponds, and is essential for more 
intensively s t ocked ponds ,  as an insurance against depletion 
o f  dissolved oxygen. 

Table 2 s ummaris e s  the ma j or component s  of pond management. 
Good management is a process of information collection and 
res ponse. By moni toring water quality regularly the prawn 
farmer can c o l lect the nece s s ary inf orma tion to choose the 
mo s t  appropriate management strategy to optimise water 
quali ty and maximise production. 



180 

TABLE 2. MAJOR COMPONENTS OP POND MARAGEMER'l' . 

WATER QUALITY MON I TOR I NG 

Cho i c e  o f  variables and methods 
Ca l ibra tion and care o f  i n s t rument s  
Regular s ampl ing 
Repre s entat ive samples f rom pond 
I nt erpretat i on o f  re s ul t s  
Vi s ua l obs e rvation 

SPECIES AND STOCKING DENS I TY 

STOCKING AND HARVESTING SCHEDULE 

F E E DING 

Natura l f ood 
Type of arti f ica l  diet 
Feed rates 
Feeding time s and f requency 

FERT ILIZATION AND LIMING 

Types 
Application rates 
Method o f  appl ication 
Timing <period between f erti lizati on and stocking> 

WATER EXCHANGE 

Timing <tidal cycle, f loods etc.> 
Quantity 

AERAT I ON 

Timing 
Durat i on 

EXCLUSION OF PREDATORS 

F i s h  
B i rd s  
Humans 

POND PREPARATION BETWEEN FARMI NG TRIALS 

Dra inage 
Dryi ng 
Liming 

l 
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One of the ma j or a ims of the research bei ng conducted at the 
Brackish Water Fish Culture Research Station is to provide 
i n f ormat i on on the environmental requirements of prawns being 
cultured in New South Wales . In Table 1 an a s teri s k  has been 
used to indicate which variables have been or are being 
inves ti gated . Three approaches are being used to a s s e s s  the 
e f f ec t  o f  water quality variables on prawn growth and 
survival : 

1 .  Constant levels of individual variables are ma inta ined 
throughout the experiments to determine lethal levels 
as well as those "safe" levels at which growth i s  
una f f ected . For some experiment s  concentra t i on s  o f  
several variables are varied together to a s s e s s  
interactive effects. 

2. Variables are varied on a cycli c al basis so that they 
are increa s ed and decrea sed over da i ly intervals to 
simulate diurnal fluctuations whi ch can occur in ponds , 
e.g., low temperatures in the morning and h i gher 
temperature s  in the a fternoon . 

3 .  High but sub-lethal concentrations are maintained for 
only short periods to s tres s prawns a f ter which time 
conditions are returned to normal . Thes e  experiment s 
wi l l  be run to determine the e f fec t  on growth rates o f  
short term cr i s is situations whe re wa ter qua l i ty has 
been temporari ly reduced e . g .  during an oxygen cri s i s . 

A s e ries o f  experiments i s  a l s o  being conducted in " model 
ponds" < 3 . Sm diameter f iberglass tanks> to a s se s s the impact 
of dif f erent management s trategies, e.g . ,  s tocking density , 

on production o f  prawns , water qua l i ty and the dynamics o f  
a l gae and bacteria within pond s . For a more detailed 
des c ription of prawn farming being carried out at the 
Brackish Wa ter F ish Culture Research Station p lea s e  see Allan 
and Maguire < 1988>. 
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SUMMARY OF RESULTS OF PRAWN FARMING RESEARCH A'l' 'l'BB 
BRACKISH WATER FISH CULTURE RESEARCH S'l'A'l'IOR, 

SALAMAHDER BAY, 1986-87 

GREG B. MAGUIRE and GEOFF L. ALLAN 

Division of Fisheries, Department of Agr i c u l ture , N.S.W. 
Brackish Water Fish Culture Re s earch S t a tion , S a l amander Bay, 

N . S . W . ,  2301 

All of the research summari s ed be low invo lved the s tocking of 
j uvenile prawns <usua l ly 1-Sg> and the intention i s  to apply 
the results to the siting and management of grow-out pond s or 
intensive nursery units . For a more comprehens ive di s cu s s ion 
of the development and current direction s  of thi s research 
program see Allan and Maguire <1988> . 

A. WATER QUALITY BIOASSAY RESULTS. 

Research has been c onducted on diff erent water quality 
parameters, e.g. di s s o lved oxygen, to find out at what 
constant but extreme leve l s  thes e  parameters will k i l l  prawns 
or inhibit their growth. The 96hr LC50, <that concentration 
which will kill 50% of the test animal s  over a 96 hour 
period> , wa s used a s  the meas ure of a cute toxic i ty while the 
EC5, <that concentration which reduces growth by 5% over a 
period of 3-4 weeks >, wa s used as a measure of chronic 
toxicity . I t  ha s also been pos sible to vary the l eve l s  of 
two water quality pa rameters in combinat ion so that the 
interactive eff ect s on prawns cou ld be a s s e s s ed . In 
addition, a study was made of the ef f ects of a short but 
severe stress, i.e. a low di s s o lved oxygen l eve l for up to 12 
hours, on subsequent growth ra tes . Fo l lowing the init i a l  
stress normal conditions were maintained, i . e .  oxygen leve l s  
were kept at a constant high level for the three week per i od . 

1. Acute toxicity of ammonia to school prawn s , Hetapenaeus 
mac.leav.i. 

Ammonia can be present in seawater in a very tox i c  
(unionised> form or in a relatively nontoxic ( ionis ed> f orm . 
The proportion of each form is chiefly determined by the pH 
level. The combined amount of ionised a nd un ion i s ed ammonia 
is known as total ammonia. Ammonia concentrati ons can be 
expressed as milligrams per litre <mg/ l> . The 96hr LC50 was 
estimated as 26.34 mg NH3- N total ammonia/ ! (1.40 mg NH3-N 
unionised ammonia/! at pH = 8. 1 and Temperature = 25 . CPC> 
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2. Acute toxicity o f  ammonia to jumbo tiger prawns, Penaeus 
monodon. 

The 96hr LC50 was estimated as 37.32 mg NH3-N total ammonia/! 
(1.84 mg NH3-N unionised ammonia/! at pH = 8.0 and 
Temperature = 27.00C> 

3. Acute toxicity of acidi fied seawater to jumbo tiger 
prawns , Penaeus monodon. 

The 96hr LC50 was e s tima ted as 3.8 pH units. 

4. Acute toxicity of low dissolved oxygen levels to jumbo 
tiger prawns,Penaeus monodon 

The 96hr LCso was estimated as 0.86 ppm. 

5. Chronic toxicity of ammonia to school prawns, Hecapenaeus 
mac.leay.i. 

An EC 5 was estimated as 8.84 mg NH3-N total anunonia/1 <0.40 
mg NH3-N unionised ammonia/! at pH = 8 .0 and Temperature = 

25.00C>. Prob lems with control of dissolved oxygen and 
ammonia levels were experienced with this experiment which 
may have affected this result. Consequently this experiment 
will be repeated. 

6. Chronic toxicitv of ammonia to iumbo tiger prawns, 
Penaeus monodon. 

An EC 5 was estimated as 4.10 mg NHJ-N total ammonia/! C0. 20 
mg NH3-N unionised ammonia/! at pH = 8.0 and Temperature = 

27.00C>. 

7. Effect of substrate on the acute toxicity of ammonia to 
school prawns, Hecapenaeus mac.leay.L 

At an ammonia concentration of 3 1-33 mg NH3-N total ammonia/! 
<1.35-1.40 mg NH3-N unionised ammonia/!) survival was 
significantly higher in aquaria provided with sediment <sand> 
compared with aquaria without sediment. Thi s  result 
demonstrated that a sediment can act as a refuge for 
burrowing prawns from potentially lethal ammonia 
concentrations. 

8. Effect of low dissolved oxygen on the toxicity of ammonia 
to jumbo tiger prawns, Penaeus monodon 

When the dissolved oxygen concentration was maintained at 
approximately 2. 0 ppm, a 96hr LCso of 1. 4 mg NH3-N as 
unionised ammonia /1 was determined. Thi s  compares with a 
96hr LC50 of 1. 8 mg NH3-N as unionised ammonia /1 when the 
dissolved oxygen concentration was maintained at levels 
approaching saturation . The increase in toxicity of ammonia 
when the dissolved oxygen level was low was suprisingly 
slight. This further demonstrates the high tolerance of this 
species to unfavourable conditions. 
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9. Eff ect of a singl e severe oxygen stress for periods of up 
to 12 hours on subsequent growth of jumbo tiger prawns, 
Penaeus monodon. 

Prawns exposed to a dissolved oxygen l evel of 0. 5 ppm for up 
to 12 hours and then grown for 3 weeks at high <saturated> 
dissolved oxygen levels did not suffer any adverse effects in 
terms of growth. This was quite suprising as this stress was 
sufficient to kill a f ew of the prawns. 

10. Methodology. 

To provide this detailed information on the effect of a 
variety of water quality parameters on prawn survival and 
growth, a sophisticated bioassay system has been installed. 
Using this flow-through experimental facility, seawater is 
filtered, heated and the dissolved oxygen content adjusted by 
means of vacuum and nitrogen gas stripping. Peristaltic 
pumps are used to precisely control the concentration of the 
water quality parameters being tested in the 70 1 
experimental aquaria. To determine LCso's probit analysis 
was carried out using the Applesoft computer programme 
written by Mr A. Woods, University of N.s.w. Analysis of 
variance techniques were used for chronic toxicity 
experiments <one way ANOVAR> experiments, and for interactive 
experiments Ctwo way ANOVAR>. To estimate ECs's regression 
analysis was used. Microstat computer programmes were used 
for ANOVAR and regression analysis. 

B. OTHER RESEARCH RESULTS. 

1. Effects of water temperature on school prawns 
<Hecapenaeus macleayJ."), jumbo tiger prawns < Penaeus monodon> 

and eastern king prawns <Penaeus plebetus>. 

School prawns were grown in aquaria at constant temperatures 
from 1sOc to 300c while jumbo tiger prawns were grown at 1aOc 
to 3J0C for several weeks. For both species food consumption 
and moulting frequency increased as temperature increased but 
survival rates were unaffected by temperature. The optimum 
temperatures for growth and food conversion efficiency for 
school prawns were 21-270c and 18-270c respectively. The 
optimum temperatures for growth and food conversion 
efficiency f or jumbo tiger prawns were 27-330c and 24-3 00c 
respectively. Eastern king prawns were grown at 1aOc to 330c 
and the optimum temperature for growth of eastern king prawns 
was 3 00c. In the eastern king prawn experiment several 
groups of prawns were also grown at temperatures which 
increased and decreased over a 24 hour period to simulate 
what happens in ponds where there is a daily water 
temperature cycl e. Prawns grown in a daily 21-J{j)c cycle 
suffered only a 17% growth reduction compared to prawns grown 
at a constant 3o0C. This 90c dail y temperature range is much 
greater than that usually observed in a lm deep pond, i.e. , 
30c. 
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2. Effects of sediment type on jumbo tiger prawns, Penaeus 
monodon. 

I n  aquaria these prawns grew equally we l l  on bare perspex , 
mud or coarse s and . 

3. Effects on jumbo tiger prawns, Penaeus monoclon, of 
dieldrin levels in sediment. 

Dieldrin levels in the range 0-0 . 3 ppm of the dry weight of 
the sediment had no e f fect o n  prawn growth o r  survival ra t e s . 
Re sults o f  testing for residua l dieldrin levels in the prawns 
themselves are still awaited . 

4 .  Effects of stocking density on s choo l prawns, Hecapenaeus 
macleay.i in pens within ponds. 

School prawns were grown a t  a range of st ocking dens i t i e s  
<20-100 per m2> and the maximum inc rea s e  i n  biomas s of prawn s 

wa s obt a i ned at 60 per m2. Surviva l rat e s  were high at all 
densities. \Pens all ow prawns acce s s  to pond fauna and a s  
we l l  a very nut r i tio u s  diet wa s supp l ied . > 

s. Effects of c ommmercia l diet type on jumbo tiger prawns, 
Penaeus monoclon, i n  pens. 

Of the diets tested in the summer of 1986/87, the Taiwanese 
Lux brand diet was the mo s t  success ful in �erms of growth 
rates for prawns stocked at 15 juveniles per nil. A contro l 
diet, chopped meat from pipis which are burrowing oceanic 
beach bivalves, was more physica lly s table in seawater than 
Lux pellets and produced better food conversion efficiency. 
Three Aus tra lian commercia l prawn diets produced only 70% of 
the growth rate obtained with Lux pe llets and as we l l  these 
three diets had po orer water s ta bility . S urvival rates were 
very high for a l l  groups of prawns regardless of which diet 
wa s suppl ied .  The un fed controls which only had acc e s s to 
pond fauna in the pens grew poorly but survived well. Testing 
of diets available in the 1987/88 summer i s  current ly under 
way. 

6. Effects of pond management strategy on jumbo tiger 
prawns, Penaeus monodon, in model ponds . 
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A set of 16 large <3 . 5  m diameter) fibergla s s  tanks have been 
installed and are being used to simulate prawn ponds. The 
effects of two different ma nagement pract ices on prawn 
production, water and sediment qual i ty and the dynamics of 
algae and bacteria within ponds were compared . The firs t  j management practice was the stimulat ion and maintenance of a 
phytoplanktonic a lgal bloom, a s  ca rried out by the authors 
during their pilot scale prawn farming program and by s everal 
other commercial prawn farmers in Austra lia and overseas, 
e.g., Taiwan. The second management pract ice wa s the 
stimulation and maintenance o f  a benthic al gal bloom, often 
called "lab-lab", a practice used by traditional prawn J farmers, e.g., in the Phi lippines . The trial wa s carried out 
at a density of 15 j uveniles per m2. Prelminary analy ses 
from this recently completed tria l indicate that growth rates 
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in the phytopl ankton t reatment were not much h i gher than in 
the benthi c  a lgal trea tment . One ma j or f inding wa s that the 
benthic a l ga l tanks cou l d  deve l op very den s e  f i l amentous 
a lga l blooms which made supp l ementary f eeding and drain 
harveting much more di f f i c u l t . The tanks s upported growth , 
surviva l and food convers ion rat e s  tha t wou ld have been 
h i ghly acceptab le in a commerc i a l  pond . 

C. FUTURE PRIOR I T I E S .  

I t  i s  hoped tha t b i oa s s ay and pond management res earch wi l l  
cont inue . Spec i f i ca l ly ,  the chroni c toxi c i ty o f  ammonia to 
s choo l prawn s mus t  be a s s e s s ed . Other aquarium ba s ed 
re s earch may inc lude the te s t ing o f  the e f f ec t s  o f  reduced 
s ediment conditions and mou l t ing s t imu lants on prawn growth 
ra tes . As s e s s ing di f f erent f eed i nput rat e s  and s t ocking 
den s i t i e s  wi l l  be a hi gh pri o r i ty f or the poo l s tudi e s . A 
ma j or ta s k  wi l l  be the wri t ing o f  s c ienti f i c  pub l i c a t i on s  
des c ribing in deta i l  t h e  above res earch and other s tudi e s . 
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PR-.�WN FARMING RESEARCH IN MODEL PONDS 

M- . Ge o f f  Al l a n  and Dr . Greg ¥...agui r e , 

5 . S . W .  Agri cul ture and F i s heries , 
C ivi s i on o f  F i s heri e s , 
E =a c ki s h  Wat e r  F i s h  Cul ture R e s earch S ta t i o n , 
S.a l amander Bay ,  N .  S. W .  2 3 0 1 . 

The goa l o f  the aqua cu lturi s t i s  t o  provi de optimum c o nd i t i o n s  
f o r  t h e  s pe c i e s ;,e i n g  cul tured in o rder t o  enhan c e s urviva l and 
growth and maxi � ' s e  p roduction . To do thi s an aqua c u l turi s t  
s ho u l d  h ave a gc·od knowl edge o f  the envi ronment a l  r equ irement s o f 
the s p e c i e s bei�q cu l tured a s  we l l  a s  a n  und e r s tanding o f  how the 
env i r on.�ent c a n  =e regu l a ted o r  mana ged to o ptimi s e  wat e r  
qua l i ty . 

The ob j e c t ive s c =  thi s current re s earch were to a s s e s s the 
e f f e c t s  o f  s ome :na j o r pond mana gement vari ab l es o n  p rawn s urviva l 
a nd growth rat e s and on pond wa t e r qua l i ty . The re s u l t s obtained 
hav e be en u s ed t� he l p  det ermine appro pri a t e pond man a g ement 
s tr a t eg i e s  f e r t..:.!e grow- out of pena e id p rawns in p o nd s . Thi s 
pa pe r  d e s cribes �he experimenta l methodo logy us ed f o r  thi s 
r e s earch and bri e f ly out line s the ma j o r  r e s ul ts and imp l i cations 
for pond manage.n:ent . The detai l ed exper imen�a l data f rom the 
r e s ear ch de s c ri�-ed a r e  curren t ly being u s ed t o  prepare s evera l 
manus c r i p t s  f o r  s c i enti f i c  j cur:ials . 

i:i:i.:.. s :::::-e s e a = :: ::.  ·...rc:. s ca==i eC. cut i:i :ncC. e 2.  ;-c ncs and an app .r::p=i a t e  
de s i qn = o r the s e  expe r.imen�a l un i t s  had t o  =€ dev e l opeC. . 

I d e a l ly ,  the moe e l  ponds s hould be l arge enough t o  s imulate 
e a rthen p o n d s  s c  that t h e  r e s u l t s  can b e  c o n= id e n t l y  extrap o l a t e c  
t o  l arge c omme r :: i a l  ponds and yet s t i l l  be s=ia l l  enough t o  enab l e  
we l l  rep l i c a t eC. , c o n tro l l ed experiment s  t c  C€ c ondu c t ed . 

F o r  the f irs t t#-c experiments 4 m diamet e r , lm high , a b ov e -

l 
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gro und , � Dr i c l ac · s t ee l  swimming poo l s  wi th p la s t i c  l in e rs were 

J us ed a t  a s i t e  a = j a c ent to Lak e  Wo o l oweyah , C l a r en c e  River , 
N . S . W .  < Ma guire and Al l an , 1 9 8 5 a ) . The s e  poo l s  we r e  p r ovided 
wi th a wa t e r  s u� ; ly ,  c ontinuous ae ra t io n v i a  two ai rs t one s in 
e a ch p o o l and a : o o  mm deep l ayer o f  s and a s  a sub s trat e . The I po o l s we r e  dra i � ed u s ing 5 0  mm s i phons . The f ir s t two 
expe =ime n t s  we r s  d e s i gned t o  inve s ti ga t e  the e f f e c t s  o f  di f f erent 
wa t e r  e x change ra t e s . As Aus tra l ian prawn f arms e s tab l i s hed in 
r e c e n t  ye ars r e ly upon pump ing f o r  f i l l in g  ponds and f o r water 
ex change , i t  i s  .:.mpo rtant to reduc e unne c e s s ary pumping so as to 
min imi s e  operati ona l c o s t s . 

Both expe riment s wer e  condu c t ed wi th j uveni l e , 1 . 5 - 2 . 2  g ,  s choo l  
prawn s , Kecapena eus mac.leay.i . The prawns were f ed e a ch evening 
us i ng a c omme rci a l ly produced trout pe l l e t < 3 5 - 4 0 %  pro t e in> at 
app roxima t e ly 5 %  b i oma s s /day . Th e expe riments ran f o r  8 weeks 
a f t e r  whi ch t ime the prawns we re harves t ed , counted and we ighed 
in b u l k  ( s e x e s  s epara t ed > . The f i r s t  experime n t  wa s s t o cked a t a 
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den s i ty o f  2 0  prawn 1 ::n2  and f ive wat e r  e x chan g e  r a t e s , 0 ,  5 ,  1 0 , 
2 0  and 4 0 % / da y , we re t e s ted . F o r  e a c h  wa t e r  exc hange ra t e  there 
were three rep l i cate po o l s . Wat e r  wa s ex chan g ed every s e c ond 
day , e . g . f o r  t h e  pco l s  rec e iv i n g  1 0 % / day , 2 0 %  c :  t h e  p o o l  vo l ume 
wa s rep l a c ed eve ry  s ec o nd day . The s ec ond e xper iment wa s s tocked 
at a den s i ty of 5 0  p=awns /m2 and 4 wa t e r  exchange r a t e s , 0 ,  5 ,  1 0  
and 2 0 % / day , were t e s ted with f our rep l i c a t e  poc l s  per wa t e r  
exchange rate . Wat e =  wa s exchanged eve ry t h i r d  day . During 
both experiment s tem?era ture , s a l in i ty , di s s o lved oxygen < DO > , pH 
and ammo n i a  were mea s ured every three days and o xidi s ed nitrogen 
< ni tri t e  p l u s  n i trate > ,  reactive pho s ph o r o u s , s i l i ca and p l ant 

p i gme n t s  < c h l o rophyll a ,  b and c and phaeophyt i n > we re mea s ured 
every 8 days < f ir s t  experiment > and every 6 days < s e c ond 
experiment ) .  The me�h od s  u s ed f o r  the wa ter qu� l i ty ana lys i s  a r e  
des c ribed i n  Maguire a n d  Al l an < 1 9 8 5 a , b ) .  

The ma j o r f indings f =om the s e . two experiment s we =e : 

1 .  At 2 0  prawn s /m 2 s urvival ra t e s  we re h i gh C > 9 0 % > in a l l  poo l s  
and were una f f ect ed by water exchange r a t e  C P> 0 . 0 5 > . 

2 .  At 5 0  prawn s /m 2 on the l a s t  day o f  the expe=L�ent ma s s 
morta l i ty C > 7 5 % ) o c curred in one po o l  whi ch had received no 
wat e r  e x change . In a l l  other poo l s  s urviva : rates were 
above 8 7 % . 

3 .  Gro�h r a t e s  we=e l ow during both exper.i.men�s wi th an 

average individ�a l p rawn we i ght increa s e  o f  2 . Sg f e r  
experimen t  1 an c  2 . 2 g f o r  e xperime n� 2 .  �a �er ex change 
rate s had no s i �i = i cant < ? > 0 . 0 S i  e f = ec � s  on ? rawn qrow<:.h • �  

e i th e r  exper�ent . However , during bc�h experimen�s the=e 
wa s a trend for growth to be hi ghe s t  a� 5 % / =ay wat e =  
e x c h a n g e  and to decrea s e  a s  t h e  wa t e r  e x cha.�ge r a t e  
increa s ed . 

4. Dur i n g  b o th experimen t s  the c o n c en t r a t i o n  o= pho sphorous and 
p l ant p i gme n t s  dec l ined a s  wat e r  e x change ra t e s  incre a s ed 
C P < 0 . 0 0 1 > i . e . , the a l g a l  b l o om wa s being diluted . However 
e xchange rat e  had no s i gni f i cant e f f e c t s  C P > 0 . 0 5 >  on pH o r  
on t h e  c on c entra t i o n s  o f  anunonia o r  o x i d i s ed  nitrogen . 

The ma j or imp l i c a t i ons f or pond manageme n t  ari s ing f rom the s e  
experime n t s  we re that even where D O  l eve l s  can be ma inta ined , 
ponds s h o u l d  n o t  b e  ::::.an a ged f or · ext ended p e ri o d s  wi thout wat e r  
exchange . Howeve r incre a s ing regu lar wa t e r  e x c hange rates ( e . g .  
above 5 - 1 0 % / day > did not re sult i n  incre a s ed prawn surviva l o r  
growth but rather s erved t o  f lu s h  out nutri ent s , algae and 
s u s pended o rg an i c  ma t t e r . Genera l ly thi s i s  unde s irab l e  a s  ponds 
are f erti l i z ed and a l ga l  blooms genera t ed for a purpo s e . 
Howeve r ,  o c c a s i onal ly e x c e s s ive a l ga l  b l ooms deve lop in prawn 
f arming pond s and can qui ckly dep l e t e  a va i l ab l e  nutri ent s thereby 
incre a s i n g  the ri s k  o f  the b l o om " cra s hing " and depo s i t ing large 
amoun t s  o f  o rgan i c  ma terial on the pond bo ttom . Mi crob i o l ogical 
decompo s i t i o n  of ex c e s s ive amoun t s  of o rganic material c a n  
dep l e t e  DO l eve l s  anc reduce prawn g r o wt h  a n d  s u.....--viva l . I n  the s e  
circums t an c e s  wa te r e x change can b e  a n  e f f e ctive manag emen t  
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s trategy provided pumping capa c i ty i s  s u f f i c i ent t o  enab l e  l arge 
vo l ume s  o f  wat e =  t o  be qui ck ly ex changed . Wa ter ex change ha s 
been u s ed i n  a s imi l a r  manner in f re s hwa t e r  pond s t o  redu c e  the 
ammo un t o f  a l ga e  and other f o rms of su s pe nded o rgani c ma t t e r  i n  
pond wa t e r  < Boyd. , 1 9 82>. 

FERTILI ZATION - ALGAL BLOOM MANAGEMENT 

During the wa ter exchange rate experimen t s , prob l ems were 
expe r i enc ed wi th c o rro s i on o f  the s tee l swimming po o l s  and wi th 
rap i d d e t eri o rat i o n  o f  the p l a s t i c poo l l iners . C o n s equ ent ly a 
s e t o f  1 6 , 3 . Sm di ame t er , l . 2m h i gh , f ibreg l a s s  tanks wa s 
cons truct ed f o r  s ub s equent pond management expe rimen t s  in mod e l 
p onds a t  the Bra cki s h Wa ter F i s h  Cu l ture Res earch S ta t i o n , P o rt 
Sephens , N . S . W .  The f i r s t  experiment c o nduc � ed in the s e  tank s 
wa s de s i gned t o : 

1. 

2 . 

As s e s s  whe ther the f ibregl a s s tank s could be us ed to 
s imul ate p rawn ponds in t erms of s urviva l and growth o f  
prawn s , and. 

C ompare the e f f ec t s  o f  two c ommo n ly u s ed  method s o f  mana ging 
a l ga l  b l o oms on prawn s urviva l and gro�h and o n  pond wat er 
qua l i ty . 

For a di s cu s s i o n  o f  the ro l e  o f  a l ga l  b l ooms in prawn f ar:ning 
pond mana geme n t  s ee A.l l an C l 9 8 7 ) . 

For the purpo s e s  o f  thi s C.i s c-.i s s i on -:he -:-r.Je s 
to can be de s cr.:...bed a s  f o l l ows : 

- -
= = =  e== =-::. 

P hyt o p l ank� �ni c a lga e  - a mixture o f  s i�gl e  c e l l ed spec i e s  
whi ch are �sua l ly s us pended i n  the wat e r  c o l umn . 

F i l amentous a l ga e  - mul t i - c e l l ed s pe c i e s  whi ch f o r:n  long 
< o f t en s evera l meter s ) s trand s o r  f i l aments o f t en atta ched 

t o  t h e  pone bottom or o ther hard s ub s trates . 

Benthi c a l �ae - spec i e s  whi ch o c cur on the pond bo t t om . 
The type o f  benthi c a l gae re f e rred t o  a s  " l ab - l ab " by 
tradi t i ona l p r awn f arme r s  in As i a  i s  a :rixture o f  b o th 
s in g l e - c e l l ed and mu l t i - c e l l ed be nth i c a l gae , < s ome t ime s 
in c l ud ing f� l ament o us a l gae > whi ch c om.b �ne togeth e r  t o  f o rm  
a thi ck ma � o n  the pond bo ttom . 

The f i r s t  method o f  a lga l b l o om management invo lved the 
s timul a t i o n  and maint enan c e  of a phytop l a nkton i c  a l ga l b l oom a s 
u s ed by the authors during the pi lo t - s ca l e prawn f arming program 
on the C l a re n c e  River < Ma guire and Al l an , 1 9 8 5 a > , and by many 
comme r c i a l  f a rmers in Au s t ra l i a  and over s e a s , e . g .  Taiwan . 
Phytop l ank t o n i c a l ga l b l o oms we re s timul a t ed in e i gh t  o f  the 1 6  
mode l pond s by the addi ti on o f  Nitram and D i -Ammonium P ho s pha t e 
( D . A . P . >  a t  the =a t e  o f  1 0 0  k g / ha f o r  e a ch f erti l i z e r . Sma l l e r  
addi t i o n s ,  < 5 - 2 5  kg / h a  o f  e i ther Ni tram and D . A . P .  o r  Aqua s o l  a nd 
D . A . P . > ,  we re acced pe ri od i ca l ly to ma int a i n  the b l o oms . Aqua s o l 
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wa s u s ed i n  a n  a t t em� t to improve the s tabi l i ty c f  the 
phyt o p l ankt o n  b l ooms ; i t  may o f f e r  advanta ge s i n  t e rms o f  
mi c ronutrient l eve l s .  

The s e cond method i n7o lved the s timu l a t i o n  o f  a =�n thi c a l g a l  
b l o om a s  pra c t i c ed by trad i t i ona l mi lkf i s h  and p =awn f armer s  in 
the Phi l i pp i n e s  < Che::. , 1 9 7 2 , Bardach ec a1 . , 1 9 7 : > ,  and propo s ed 
by Cordover < 1 9 8 7 > f e r  Aus tralian prawn f armin g  ��nds . E i gh t  
mod e l  ponds were pa r=i a l ly f i l led t o  about 2 0 cm  and then 
f ert i l i z ed , < us ing a?proximate ly 2 tonne /ha o f  r e l a t ive ly dry c ow 
manure p l u s  a sma l l e= addi t i on , approxima t e ly 4 0  k g / ha , o f  Nitram 
and D . A . P . > ,  t o  a l l o._ c o l oni zation by benthi c a l qa l  s pe c i e s  whi ch 
f ormed a den s e  mat ove r  the pond bottom .  When t..�e benthi c a l ga l  
b l o om wa s e s tab l i s hee the ponds were s l owly f i l l e-d  ove r s evera l 
days to ma i n t a i n  wa t e r  c l ari ty , and very l i tt l e = e rt i l i z er wa s 
added duri ng the expe riment so a s  to avo i d the g=�wt:.h o f  
phytopl ankton .  

The tota l amount o f  ni trogen and pho spho rous i n i �i a l ly added t o  
a l l  pond s wa s s imi l a= whether it wa s added a s  inc rgani c 
f erti l i z er , e . g .  Ni t=am and D . A . P . ,  o r  a s  o rgani c f ert i l i z er , 
e . g .  c ow manure . However , as peri odi c addi ti o n s  o f  f er=ili z e r  
were ma d e  throughout the experiment to the ponds managed wi th 
phyt opl ankt o ni c  a l ga l  b l o oms but not to tho s e  m.ar�aged wi th 
benth i c  algal b l o oms , the to tal input o f  nitro ge� and pho s pho rous 
a s  f e rt i l i z e r  f or the benthi c a l ga l  ponds wa s a�c ut 7 0 %  l e s s thar
f or the phytop l ankto� c a l ga l  ponds . 

Juveni le l e ader praW!:s , Penaeus monodon ( ave = a c e  s i z e  2 .  2 ; ) we=e 
s to c ked a t  a dens i ty -:J f  1 S ;m2 and we :::-e f e-=. twi ::"'e :ia.i 2..y ( ' .U 3 o f 
the ir da i ly ra t .i o n  i::. the evening and 1 / 3  in the ::naming ) us ing 
an impo rted Taiwane s e  prawn f eed < 4 2 %  pro � e in ) . Fe eding wa s ad 
11b1 cum and f ee d  trays enc l o s ing approxima t e ly 0 . 5 m2 were checked 
twi c e  da i ly to a s s i s �  wi th the ad j us tment o f  f e ec r a te s . 
Temperature , DO and � H  we re mea s ured twi c e  da i ly and nut=i ents , 
< ammonia , oxidi s ed n:.. trogen , reactive pho s phorous and s i l i c on ) , 
and p l ant p i gment s , < ch l orophyl l a ,  b and c and � ha eophyti n ) , 
were mea su=ed regu l a=ly . The method s f o r  wa ter <?�a l i ty ana lys e s  
out l ined i n  Magu i re and Al lan C l 9 8 5 a , b )  we re u s ec e x c ep t  that 
ammo n i a  wa s me a s ured us ing the spectroph o t ometri c methods 
de s cr ibed by Da l Pont ec aJ . < 1 9 7 3 ) . The e x p e r imen t  ran for 8 
weeks a f ter whi ch t i.;::;e s urviva l , growth and f oo d  c onvers i on 
e f f i c i ency , < FQ ) , we=e recorded . FQ i s  the we i gc t o f  dry f eed 
added divid ed by the we t b i oma s s .  gain o f  prawn s c in the pre s en c e  
o f  n a tura l f ood i t ems > in ponds . P ond s  were a e ra �ed during the 
n i ght f o r  an avera ge p e r i od o f  5 . 6  hours / da y . F c l l owing the 
conc l u s i on s f rom the previ ous wa ter exchange r a t e  experimen t s , 
water exchange wa s only c a rried out when c o n s idered ne c e s s ary to : 

1 .  di lute ex c e s s ive a l g a l  blooms , 
2 .  reduce the concentrat i on o f  other s u s pended o r gani c matter , 

and 
3. help prevent l ow DO l eve l s  f rom o c curring . 
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Ea ch pond wa s mana ged s e parate ly on the ba s � s  o f  DO , pH and 
chlorophy l l  mea s urement s . The average d a i l y wa t e r  exchange ra t e  
f o r  ind i vidua l ?Ond s wa s between 6 and 9 . 5 % / day . 

The ma j o r  f indi �g s  f rom thi s experiment we r e : 

1 .  

2 .  

3 .  

Exc e l l en t  s urviva l < > 8 8 %  for each pond ) , growth < average 
individua l wei ght gain of about 1 2 g /prawn > and FQ ' s  
< approxima te l y  1 : 1 >  were obtai ned . The s e  re s u l t s  would have 

been very a c c eptab l e  to a c ommerci a l  f a rme r  and indi c a t ed 
tha t the f ibreg l a s s tanks could be u s ed to s imu l a t e  p rawn 
f arming ponds . 

Overa l l , t�e d i f f erent method s o f  man a � ing a l ga l  b l ooms had 
no s i gni f i cant C P > 0 . 0 5 >  e f f e c t s  o n  p ra•-n s urviva l o r  growth . 
Howeve r , the r e  were s i gni f i cant di f f e r e n c e s  in growth ra t e s  
among t h e  benthi c  a l ga l  pond s . 

The e i ght benthi c a lga l ponds wer e  c o n s i derab ly l e s s  turbid 
than the phyt op l anktoni c ponds and in f our o f  the benthi c 
a l g a l  pond s  exc e s s ive growth o f  f i l amentous algae occurred 
whi ch wa s s o  den s e  that it made s upp l ementary f eeding and 
e f f ective harve s ting very di f f i cu l t .  In the mo re turbid 
phytop l anktoni c ponds growth of f i l amentous algae wa s not a 
prob l em . P rawn g rowth in the benthi c a lga l ponds where the 
growth of f i lamentous a l gae wa s exc e s s ive wa s s i gn i f i cant ly 
l e s s than �n the benth i c  a l ga l  ponds where ve r-1 l i tt l e  
f i lament o u s  algae grew < P < 0 . 0 0 1 ) . 

Latap i e  e c  aJ . C l 9 7 2 ) a l s o  a ttributed a redu c t i c n  in praWT.. 
growth < f e r  the brown s hrimp Penaeus az=ecus ) t o  reduc ed 
a c c e s s ib i l i ty t o  arti f i ca l  f eeds c a u s ed by e x c e s s ive aquati c 
vege tat i on < in thi s  c a s e  an angi o s pe rm  Rupp.la mar=.i.na ) . 

The me thod o f  managing the a l ga l  b l oom had a s i gni f i cant 
e f f e ct < P < 0 . 0 0 1 ) on wa ter qu a l i ty wi t h  e l eva ted nutrient 
l eve l s  < ann::onia , oxidi s ed ni trogen and :::-ea ctive pho s phorou s ) 
and p l ant � i gme n t  c o n c entra t i o n s  being rec orded in the 
p hyi: o p l ankt oni c a l ga l  b l oom treatment whe r e  regu l ar input s 
o f  f e rt i l i z e r we re made . 

The ma j o r imp l i c a t i o n s  o f  thi s experimen t  f o :::- pond managers we r e  
that the type o f  b l oom ma i nta i ned in pond s did not directly 
a f f ec t  prawn s ur�iva l or growth . However ,  the ex c e s s ive growth 
of f i lament o u s  a l gae , c onunon in the c l ear benth i c  a lg a e  ponds , 
reduced p rawn growth < prob a b ly be c au s e  o f  the redu c ed  
availab i l i ty o f  s upp l ementary feed > and made e f f ective harve s ting 
di f f i cu l t . I n  commerc i a l  ponds thi s  c ou l d  ci=amati c a l ly redu c e  
the produ c t i o n  o f  marketab l e  prawns . 

STOCKING DENS ITY 

In ord e = to a ch i eve an a d equ a t e  r eturn on inve s tment f o r  iand 
purcha s e  and po nd c o n s tru c t ion , it is impo rtant t o  make the mo s t  
e f f i c i en t  u s e  o f  the avai l ab l e  pond s . As s upp l i e s  o f  po s t l a rv a l  
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prawns inc r e a s e , p r awn f armers are bec oming more interes t ed  in 
ra i s ing s t o cking d e � s i ty to improve produ cti o n  per unit area . An 
experiment wa s de s i :;ned to inve s tigate the e f f ect s o f  d i f f erent 
s to cking d e n s i t i e s  on prawn s urviva l and growth and on pond wa t e r  
qua l i ty . I n  thi s experiment f our stocking dens � t i e s  were u s ed , 
5 ,  15 , 2 5  and 4 0  prawn /m2 wi th f our rep l i cate ponds at each 
den s i ty . Juveni l e  : eader prawns < average s i z e  3 . 4 g >  were u s ed 
and the experiment �a s run f o r  8 weeks . A phytopl anktoni c a l ga l  
b l o om wa s s t imul a t ee  and ma inta ined in a l l  ponds . S imi lar 
methods t o  tho s e  de s c ribed f or the previ ous experiment were us ed 
for f eedi n g , water �a l i ty moni to ring and the d e t erminat i on of 
surviva l , growth anc f ood convers ion e f f i c i en cy  < FQ ' s ) . 

Aera tion wa s p rovided f o r 7 . 3  hours each night = o r  pond s wi th 
s tocking dens i t i e s  o f  5 ,  1 5  and 2 5  prawn s /m2 and 1 2  hours each 
ni ght f or tho s e  s tocked at 4 0  prawns /m2 . The increa s ed rates 
were provided f o l l CT•in g  c ons i s t ently l ower mo rn.:_ng DO readings in 
tho s e  pond s wi th the hi ghe s t  s t o cking den s i ty during the first 
two weeks of the ex;>eriment . As in the previous experilllent , 
water exchange wa s carri ed out when c ons idered neces sary and each 
pond wa s man aged s eparate ly . As s to cking den s i �y increa s ed 
higher rat e s  o f  wat er exchange were 
required . The s e  average rates were as f o l l ows : 

5 orawn ;m2 - 5 . 9 % water ex change / day 
1 5  prawn /m2 5 . 8 % wa ter exchange / day 
2 5  orawn /m2 - 7 . 7 % water exchange / day 
4 0  prawn 1m2 - :. : . 5 %  water exchange / day 

The ma j o r = incings = =�m �hi s experimen� were : 

1 .  

2 .  

I n  a l l  ponds s�=viva l ra t e s  were hi gh ( > 7 5 % ) and were 
una f f e c t ed by s to cking dens i ty < P > 0 . 0 5 ) . 

The r e  wa s a s i :;ni f i cant < P < 0 . 0 0 1 > decrea s ing exponentia l  
re l a t i o n s hi p  between s tocking den s i ty a n d  growth . However ,  
b i oma s s gain and f ood cons umption a s  a per c entage o f  b i oma s s 
both increa s ed s i gni f i cantly < P < 0 . 0 0 1 ) a s  s to cking den s i ty 
increa s ed . FQ de t e ri o rated s igni f i cantly C P < 0 . 0 0 1 ) with 
increa s ing den s i ty . 

Incre a s i n g  s t o cking den s i ty produced s imi l ar res u l t s  f o r  
o t h e r  s p e c i e s , e . g .  s choo l prawn s < Ma guire and Leed.ow , 
1 9 8 3 > ,  the grocved t i ge r  p rawn Penaeus sem..isuJca tus, C i s s a r  
et aJ . , 1 9 8 7 ) and the whi t e  or b l u e  prawn P. van.name�· 
< Sandi f e r  et aJ . , 1 9 8 7 > . 

3 . As s to cking dens i ty incre a s ed the total input o f  nutrients 
< f rom the increa s ed amount s  of s upplementary f eed > a l s o  
increa s ed . As a c o n s equence alga l growth wa s  encouraged and 
even though increa s ed wa ter exchange rat e s  were u s ed  at high 
dens i t i e s , s t o cking d en s i ty s t i l l  had s ignif i cant e f f ec t s 
< p< 0 . 0 0 5 > o n  evening DO l eve l s  and the c o nc entration o f  

p l a n t  p i gme n t s . The management s tra tegy , in parti cular the 
a e ra t i o n  regime , wa s s u f f i c i ent to ma intain minimum DO 
l eve l s  above 4 . 2  ppm in a l l pond s throughout the experiment .  
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Al though t:1ere wa s a s i gni f i c a n t  d i f f e = e n c e  < p < 0 . 0 0 1 > 
be tween average minimum DO l eve l s  in t� e mo s t  den s e ly 
s t o cked pc nds and a l l  o thers , the ave=age minimum DO f or 
a l l  dens i t i e s  wa s re l a t ive ly high . ( 7 . 4 , 7 . 5 ,  7 . 3  and 6 . 9  
ppm f o r  pc �d s s t o c k ed a t  5 ,  1 5 , 25 and 4 0  p r awn s ;m2 i n  tha t 
o rd e r . >  s �ocking dens i ty had no s igni = i can t e f f e c t  C p> 0 . 0 5 >  
o n  pH l eve l s  or on the conc entration o f  nutri en t s . 

A s imp l e  economi c mode l  wa s u s ed whi ch cons i dered the c o s t  
o f  p r a wn s  t o  s t o ck pond s , the c o s t  o f  f eed a nd a n  e s t imate 
o f  returns ba s ed on harves t yi e ld s  mu l t �p l i ed by pro j e c ted 
mark e t  pri c e s . As the pri c e  re ce ived f �r prawns i s  
d e pendant upon their s i z e ,  the marke t  p =i c e  wa s we ight ed t o  
t a k e  t h i s  �nt o  a c count . Thi s mode l  s uq �e s t ed tha t the mo s t  
f a vo ur a b l e  e c onomi c return s wou ld have �een r e c e ived a t  the 
l owe r s t oc:<ing den s i t i e s < 5 - 1 5  praw'"TI. S  1rn2 > • 
At the s ame s tocking den s i t i e s  growth a�d FQ ' s  were poorer 
than tho s e  obta ined during the precedin g experiment when 
average t empera tures were approxima te l y � h i gher and a 
l o nge r  pond preparat i on period wa s po s s ib l e . Average 
individua l •ei gh t  ga in and FQ res u l t s o =  1 . 4 5 g /week and 1 : 1  
r e s p e c t ive ly were obtained in the pre c eeing___ < a l ga l  b l oom 
management )  experiment . The equ iva lent va lues in the 
s tocking dens i ty experiment were 0 . 9 4 g / week and 1 . 8 : 1 .  

The ma j o r c o n c l � s i o n s  f rom thi s experiment were tha t  a l though 
inc r ea s ed produ�i on wa s a c h i eved by in cre a s ing s t o cking 
d ens i ti e s , praw:: growth wa s s l owe= and f ood conve r s i on 
e = = � c i en c i e s  we=e =edu c ed . I n  comme r c i a l  s i ��a t i c n s  s l owe r 
growth me ans e i ��er sma l l e r , le s s va luab l e  p =awn s a t  har�e s t  e r  
tha t prawns mus �  b e  k e pt f o r l onger pe ri od s � n  p o n d s . Reduc ed 
f ood c onve rs i on e f f i c i en c i e s  res u l t  i n  i n c r e � s ed f eed c o s t s . 
Al tho ugh the e c = �omi c mode l u s ed wa s a very s imp l e  one , i t  doe s  
indi ca t e  tha t prawn f armers mus t  cons ider c o � t / be n e f i t  e f f e ct s 
when p l anning f e r  increa s ed produc t i o n  in pc�ds . Wh en hi gher 
s t o c k i n g  dens i t i es are us ed the increa s e  i n  � rawn b i oma s s mak e s  
maint enanc e  o f  q o od  wa ter qua l i ty , e s pe c i a l l y i n  t e rms o f  
di s s s o lved o xyge � l eve l s , mo re d i f f i cu l t  a n d  i n c r e a s e s t h e  need 
f or e f f i c i ent a e =a t i on and adequa t e capa c i ty f or ra p i d wa ter 
ex chang e . 

USEFULNESS OF MODE'.L PONDS 

The ;ra�'":'.. f �=:ninq re s earch in moc e l  pond s d e s = r i b e d  i n  thi s paper 
has yi e l d ed s ome in t e re s t ing re su l ts wi th im� l i ca t i o n s  for the 
ma na geme n t of coii:IIle r c i a l  p rawn f arming pond s . However ,  a l though 
the mod e l  po nds were de s i gned to s imu l a t e  c on:::ne r c i a l pond s , 
be cau s e  o f  the i r  sma l l er s i z e there are di f f e =enc e s  and 
cons equ e n t ly caut i o n  mu s t  be exerc i s ed wh e n  e xtrapo l a ting th e 
re s u l t s  t o  l a rge = po nd s . The fo l l owing po i n t s a r e  r e l eva n t  t o  
th i s  pro b l em : 
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Mode l pond s ha7e a h i gher wa l l  area t o  pond bottom ar ea 
ra t i o  than lar�e ponds . To he lp over c ome .. wa l l  e f f e ct s " 

during the experiments with the f ibe rg l a s s  tanks , the wa l l s  
we re s crubbed =egu l arly to prevent a bui ld�p o f  a l ga e  on t h e  
wa l l s . Removab l e  PVC pane l s  were u s ed t o  l ine the ponds 
during the l a s �  experiment to make thi s s c=ubbing opera t i o n  
more c onveni en� . 

Mode l ponds we=e r e l ative ly ea sy to manage , e spe c i a l ly in 
terms o f  water exchange and aera t i on . Thi s is no t ge nera l ly 
the c a s e in l a=ge c omme rc ia l  ponds and i f  �ore inten s ive 
prawn f arming 2ethods , e . g .  increa s ed s t o cking dens i ties , 
are u s ed c l o s e  att ention wi l l  have to be pai d t o  maintaining 
adequa t e  wa ter qua l i ty . 

3 . Al l the experi=ne n t s  de s cribed were run f o r  8 weeks . 
Al though thi s -.a s u s ua l ly a l ong enough pe=i od to genera t e 
me aning f ul sur7ival and growth data , c omme=cial tri a l s are 
gene ra l ly run f o r  a l onger peri od s o a s  t o  achieve the 
pre f erred commerc i a l  prawn s i z e , e . g .  > 2 5 g . During l o nger 
f arming tri a l s  a greater potent i al exi s t s  for the bui ldup o f  
organi c matt er , e . g .  ac cumulated uneaten feed , a l gae and 
detritus . This increa s es the ne c e s s i ty f or water qu a l i ty 
moni to ring , e spec ia l ly DO , and f o r  a dequa t e  aerati o n  and 
wate= exchange . 

The authors wi s h  t c  thank Mr .  s .  Hopkin s  and :?!= .  K .  Tarvey 
thei r  a s s i s tan c e  wi� the s e  tri a l s . 
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RESULTS FROM COMMERCIAL AND EXPERIMENTAL PRAWN FARMING 
PONDS IN NEW SOO'IB WALES DURING 1988/89 

Geoff L. Allan 
NSW Agriculture & Fisheries 

Brackish Water Fish Culture Research Station 
SA.LAJ.\1ANDER BAY, NSW 2301  

In Australia the prawn farming industry has been relatively slow t o  develop and 
despite several attempts prior to 1980 (Heasman, 1984) commercial scale production 
didn't eventuate until the mid 1980s. Since that time, however, there has been 
considerable development of the industry particularly in Queensland, northern New 
South Wales and to a lesser extent the Northern Territory 
(Maguire and Allan, 1988). Although prawn farming in northern NSW is 
disadvantaged by cooler temperatures, to date the production of cultured prawns 
from this state has been greater than from the other states in Australia combined 
(Curtis, 1988; Maguire and Allan, 1988; Curtis, 1989 personal communication, 1989). 

This situation is likely to change as more farms are developed in Queensland. 
However, the absence of cyclones and pronounced wet and dry seasons, proximity to 
markets and technology and adequate supplies of brackish water in the areas that 
are available for prawn farming should ensure that production levels also continue to 
rise in NSW. 

In this paper the commercial prawn farming production results from NSW during 
1988/89 will be examined and related to national and international production 
results. 

One wav that research can assist with increasimz vields from 
prawn farmmg grow - out ponds is by quantitatively comparing the effectiveness of 
different pond management strategies . The results of an experiment aimed at 
assessing the effectiveness of pond preparation. and two different feeding regimes, on 
the production of prawns are summarised. This experiment was conducted by NSW 
Agriculture & Fisheries at the Brackish Water Fish Culture Research Station at 
Salamander Bav. The detailed exoerimental data from this research are currentlv 
being used to prepare manuscript 

·
for submission to scientific journals . 

· 

Commercial results 

During 1988/89 there were three hatcheries in NSW which produced postlarval 
penaeid prawns. Total hatchery production was approximately 7 million postlarvae, 
the majority of which were produced from one hatchery. the major species cultured 
was the leader prawn, Penaeus monodon, however smaller batches of the Australian 
tiger prawn, P. esculentus, and the eastern king prawn, P. plebejus were also reared. 

Major problems included: difficulty in obtaining suitable P. monodon broodstock at 
certain times, producing sufficient quantities of live food, diseases (including ciliates 
and bacteria) and inadequacies or breakdowns in equipment, e.g. heaters. One NSW 
hatchery located at a sub - optimal estuarine site has ceased operation and a larger 
hatchery, located with access to oceanic sea - water, is under construction. 

At the end of 1988/89 there were approximately 160ha of prawn farming ponds 

constructed in NSW although approvals had been obtained for some 450ha. 
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Approximately 129ha of ponds- were stocked and the production results are presented 
in Table 1 .  For comparative purposes results for 1986/87 and 1 987 /88 are included. 

Table 1 Production of cultured prawns in NSW - all species 

Year Yield 1 Survivall Total Pond Harvest 
Weightl (t/ha) (%) Prod'n Area 

(t/yr) 

86 - 87 0.23 18 15 NA 34 
87 - 88 1 . 1 0  59 40 150 22 
88 - 89 2. 15 65 1 18 129 22 

1 Average per farm 

The high average values for yield and survival were due in part to the excellent 
results from some of the prawn farms where smaller and more intensively managed 
ponds were used. the total production of 1 18 t (an increase of nearly 300% from 
1987 /88) was worth an estimated $ 1.2 million. P. monodon (89 t) and the school 
prawn, A1etapenaeus macleayi, (29 t) were the major species produced. The juvenile 
school prawns, lvfetapenaeus macleayi, used in the pond trials were collected from 
the wild. 

The production statistics for pond trials with the different species are presented in 
Table 2. Onlv those trials where accurate records were available are included, thus 
not all production is accounted for in this table. Although small numbers of eastern 

king prawns Penaeus plebejus were stocked into ponds in NS\V, harvest of this 
species was negligible. 

Table 2 1988/89 Production results - species separatedl 

Species Wei�� Survival Total Yield FQ3,4 Pond
3 gam Prod'n Area 

(g/wk) (%) (t/yr) (t/ha) (ha) 

P. m 1 . 1 6  63 .9 89.0 1 .77 2.2: 1  6 9.4 
M. m 0.55 66.9 17.7 1.58 NA 2 1 .5 
P. e 0.73 1 1.7 0.2 0. 15 17.8 : 1 1 .8  

Harvest 
weight 

(g) 

25.0 
7.8 

13 .5 

1 Only those trials where accurate records were available were included. 

2 P. m = Penaeus monodon - data from 39 pond trials. 
M. m =Metapenaeus macleayi - data from 7 pond trials. 
P. e = Penaeus esculentus - data from 2 pond trials. 
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3 Averages per pond. 

4 FQ: Weight of dry feed divided by the increase in the wet weight of prawns. 

5 Collected as juveniles from capture fisheries and on - grown in ponds. 

At several farms the use of more intensively managed nursery ponds for postlarval 
and early juvenile stages improved production results. For P. monodon an average 
yield of 3.75 t/ha was recorded for the 9 ponds which were stocked with juveniles 
from nursery ponds compared with only 1 . 18 t/ha for the 30 ponds where postlarvae 
were stocked directly into growout ponds. 

These encouraging production results from NSW were achieved despite the fact that 
postlarvae, especially P. monodon, were often unavailable in the quantities or at the 
times required. This was the major reason why a total pond area of only 129ha of 
ponds was stocked during 1988/89, a reduction of 14% from 1987 /88 levels. 
Furthermore, some ponds were not stocked and one farm not operated in 1988/89 
because of financial constraints or corporate restructuring. 

In addition to the problems with availability, the postlarvae which were received 
were often of very poor quality, and high initial post - stocking mortality was 
reported at several farms. Other problems related to pond management, for 
example, dissolved oxygen (DO) crises occurred in several ponds. This led to 
occasional major crop losses. Overfeedip.g was a problem at many farms, 
exacerbating problems with water quality management, especially DO and 
unnecessarily increasing production costs. 

The prospects for a continued rise in production of cultured prawns in NSW in 
1988/89 are good. Increased capacity at several local and interstate hatcheries should 
ensure that supplies of postlarvae are more abundant. In addition, the trend evident 
at several farms in NSW towards smaller ponds, with improved aeration and water 
exchange capacity, should alleviate problems with water quality management and. 
together with a tendency towards the use of nursery ponds, should ensure that 
production results continue to improve. A total harvest of approximately 250t for 
1989 /90 is achievable without further pond construction. 

In Queensland in 1988 approximately 140ha of ponds were stocked producing an 
estimated 1 14.8t of prawns (Curtis, M. personal communication, 1989). However, 
there are several large prawn farms under construction or planned in Queensland, 
especially in the Cardwell region, which should result in significant increases in 
production during the next few years. 

In the last ten years the annual world production of cultured prawns has increased 
dramatically. From 198 1 to 1988 the total world production of cultured prawns, as 
a percentage of total prawns harvested, rose from 2. 1 % to 22.0%. In 1988 this 
represented some 450,000t (live weight) out of a 2 million t market (Rosenberry, 
1989). 

In Australia between 1975 /76 and 1982/83 the average annual production of prawns 
from capture fisheries was nearly 22,000t with an average of approximately 2,500t 
from NSW (Alexander, 1984). In 1986/87 the catch of 2, lOOt in NSW was worth 
an estimated $ 17 million (Montgomery, 1988).  At present the aquaculture 
component of total prawn production in NSW is relatively minor; 1 18t in 1988/89. 
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However, if  production increases of the magnitude experienced over the last two 
years continue, aquaculture will quickly become a maJOr source of production. 

Research results 

Results from earlier experiments (Allan and Maguire, 1988), as well as from 
commercial trials, indicated the importance of natural food items in the diet of 
prawns in ponds. Overseas studies have shown that from 53 to 77% of growth of 
P. vannamei was due to prawns grazing on pond biota during a seven week 
experiment (Anderson et aL, 1987). 

The objectives of the study described here were to quantify the effects of pond 
preparation, using two different feeding regimes, on prawn growth, survival and food 
conversion efficiency; pond water quality, and the abundance of natural food items 
within model ponds. 

· 

Sixteen 3.5m diam2ter, l .2m high fibreglass tanks, each with a bottom area of 
approximately lOm , were used to simulate prawn farming ponds. All ponds were 
provided with a lOOmm layer of sand, filled with sea - water and fertilized. Using 
regular inputs of fertilizer and periodic water exchange a phytoplanktonic algal 
bloom was maintained. After five weeks all ponds were drained and allowed to dry 
out. One month before stocking eight of the ponds were refilled and manage d  with 
regular fertilization and water exchange to maintain a phytoplanktonic algal bloom 
and to encourage the colonization of bacteria and marine invertebrates ( e.g. 
meiofauna) which may be natural food items for prawns. The remaining eight 
(unprepared) ponds were filled only two days before stocking, at which time they 
were also fertilized. and from then on managed in a similar fashion to the prepared 
ponds. 

Juvenile leader ;>rawns. Penaeus monodon (average size 4.9g) were stocked at a 
density of 15/m- and were fed twice daily using an impqned Taiwanese prawn feed 
( 4::% protein ) .  Feed trays enclosing approximateiy 0.6m.:. were checked twice daily. 
The following feeding regimes were used: 

Average prawn weight 
(g) 

5 .0 6.9 
7.0 9 .9  

10.0 12.9 
13. 0  15 .9  
16.0 19.0 

Feed added 
(% prawn biomass/day) 

High Low 

8 4 
7 3 .5 
6 3 
5 2.5 
4 2 

The high regime was similar to that advocated by many of the practical prawn 
farming manuals (e.g. Pascual, 1985 ; Clifford, 1985) and was used by several NSW 
prawn farms during 1988/89. The second rate was similar to that used by the 
author during other experiments in model ponds. For each feeding regime 4 
replicate prepared ponds and 4 replicate unprepared ponds were used. Temperature, 
DO and pH were measured twice daily and nutrients, (ammonia, oxidised nitrogen, 
reactive phosphorous and silicon) and plant pigments, (chlorophyll a, b, and c and 
phaeophytin), were measured frequently. The results from these measurements were 
used to plan management decisions, e.g. fertilization and water exchange, and each 
pond was managed separately. A sample of prawns (between 20 and 36) from each 
pond was weighed in bulk every 2 weeks to monitor growth. The experiment ran 
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for 10 weeks after which time survival, growth and food conversion efficiency, (FQ) 
were recorded. FQ is the weight of dry feed divided by the increase in the wet 
weight of prawns. Pond were aerated during the night for six hours/day. Water 
exchange was carried out when considered necessary to: 

1. dilute excessive algal blooms, 
2. reduce the concentration of other suspended organic matter, and 
3. help prevent low DO levels. 

During weeks 1, 6 and 10 samples of sediment and pond water were taken from 
each pond to investigate differences in bacterial biomass and productivity and the 
abundance of meiofauna between treatments. 

The major findings of this experiment were: 

1. 

2. 

4. 

Both prepared and unprepared ponds fed at the higher feeding rate were 
difficult to manage and, even though water was exchanged more frequently in 
these ponds, problems with low DO occurred. A DO crisis in one of the 
ponds resulted in 80% mortality. Survival in the rest of the ponds was 
excellent (85 - 90% ).  

Pond preparation had a highly significant effect on average prawn weight gain 
( 1 1.6gJprawn compared with 9 .8gJprawn in unprepared ponds).  Measurements 
indicated that the differences in prawn growth (during each two week period) 
between prepared and unprepared ponds was greatest at two and four weeks, 
with negligible differences between treatments after this time. 

Preparation had a significant effect on the abundance of meiofauna (including 
numbers of copepods, nematodes and protozoans) in the ponds during the 
first week after stocking. By the sixty week, However, differences between 
treatments were not s o  pronounced . 

. .:\lthough there was a significant difference between prawn weight gain at the 
different feeding regimes the increase at the higher rate was minor 
( 10.8g/prawn compared with 10.6g/prawn at the lower rate) .  

5.  Both pond preparation and fee d  rate significantly affected FQ values. Best 
results (2. 1 : 1 )  were recorded for the prepared ponds, fed at the low rate with 
the worst values (4.7: 1 )  recorded for unprepared ponds, fed at the high rate. 

The major implications of this experiment for pond managers were : 

1.  Adequately preparing ponds well in advance of stocking, by fertilising and 
exchanging water regularly, can result in increases in prawn growth rates of 
around 18%. 

2.  Feed rates can be  substantially reduced (by up to 50% in some cases) with 
little reduction in prawn growth or survival, and improvements in water 
quality management. 

3 .  

4. 

Where ponds have been well prepared feeding regimes could be changed. 
Initial recommended feeding rates could be reduced, when natural food items 
are abundant, with rates increasing as natural food items are progressively 
depleted. 

Increasing feed rate!' On thP basis Of empty feed trays iS likely tO result in 
overfeeding. When water levels were lowered during the experiment 
described, uneaten pellets were commonly observed on the pond bottom even 
though the trays were empty. 
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Conclusion 

The availability and quality of postlarvae has been one of the major restraints to 
development of the prawn farming industry in NSW. The situation will be alleviated 
as more hatcheries develop and overcome initial operational difficulties. Some 
excellent early results this season are already apparent from some hatcheries in 
southern Queensland and northern NSW. The seasonal shortages in supply of P. 
monodon broodstock are likely to force commercial hatcheries to invest more eif ort 
in stockPiling broodstock and controlling maturation. There is a role for research to 
assist with improving techniques for controlled maturation. 

Over the last few years commercial production of cultured prawns has risen sharply. 
As farmers improve pond management techniques and increase their ability to 
manage water quality through aeration and water exchange, production levels should 
continue to rise. Prawn farming research has assisted with improving pond 
management techniques and can assist in the future development of the industry in 
NSW. Research pnorities include the development and quantitative assessment of 
appropriate methods for intensive nursery culture. This is particularly relevant for 
NSW and southern Queensland, although even in northern Australia intensive 
nursery culture has some major advantages. The formulation of locally made, 
nutritionally adequate artificial diets remains a high priority, and further work needs 
to be done to optimise feeding strategies in ponds. There is also potential for 
investigating polyculture, especially in NSW prawn farming ponds. 
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L E T H A L  E F F E CT S  O F  A C I D I F I E D  
SEAWATER O N  PENAEUS JIO.'\'ODO.\' AND 
THE INTERACTION OF SALIN ITY A N D  PH 
ON SUB-LETHAL EFFECTS 

Acid ification commonly occurs in marine aquacu l ture sys
tems when ponds are built using acid-sulphate soils con tain
ing pyrite (Boyd. 1 9 82). Low sal i n ity can accompany low pH 
in s ituations where run-off from acid-su lphate sed imen ts m 
pond dykes enters ponds during heavy rains . 

Low pH can pred ispose prawns to d isease and influence 
the toxicitv of other toxins. eg. ammonia and aluminium. and 
in acid w�ters crustaeeans may experience impaired i on ic 

regulation (Morgan and McMahon. 1 982). The aims of this  
study were to estimate l ethal and "minimum acceptabl e · 
levels of low pH for Penaeus monodon in acidified water and 
to investigate the in teractive effects of low pH and sal in i ty 
on prawn weight gain. moulting frequency. dry matter con
tent and hacmolymph osmotic pressure. 

Static bioassavs were conduaed in 70 L aquaria with three 
replicate aquari� each containing 10 !'1'3Wns. for all low pH 
treatments. oH was adiustcd using 10  '< HO and al l  aquana 
were lightly aerated (lOO mL min: ; )  to maintain dissolved 
oxygen levels above 5.0 mg 0: L" ' .  The average ind

.
ividual 

initial prawn weight was between 4 and 6 g for all expenments. 
To estimate lethal levels a bioassay was run for 96 h with pH 
levels of 7.8, 7.0. 6. 1.  5.1 .  4. 1 ,  3.8 and 3.0. Prawns survived 
well (>90%) at pH levels of 5.1 or above . The 96 h LCso (95% 
confidence limits) estimated was 3.7 (3 .4. 4. 1).  

To assess sub-lethal effects a longer term (23 d) growth 
exuerimcnt was conducted. ·Eieht treatments were established: 
m: at 30 ppc with average pH

-
values of 7.8. 73. 6.7. 6. l .  5.5 

and 4.9 and two other.; at 15 ppt with average pH values of 7.8 
and 5 .5. The effects of ll'CIIlilent on survival rate were not 
significant (P>0.05). Other performance data were analysed 
using single fuclor ANOVA ('mduding all eight treatments) or 
using tw0 faaor ANOVA (including data from treatments at 
pH levels 7.8 and 5.5 for both salinities. 15 and 30 ppt. Growth 
was depressed at pH s 5.5 at 30 ppt (P<0.05) and although 
salinity did not affect growth (P>0.05) there was a significant 
pH/salinity interaction (P<0.05) . The absence of a significant 
difference in growth between 15 and 30 ppt was surpnsmg 
as prawn farmers in Australia and overseas place great em
phasis on maintaining low salinity levels in P.  monodon 
ponds. This does not appear necessary in terms of the phys
iological requirements of P. monodon although low salinity 
could influence other bio tic components of pond ecosystems. 

The " minimum acceptab le " level was defined as that level 
which reduced growth by 5% (the ECs) and was estimated. 
us ing two-phase l inear regress ion analys is (Sedgw ick, 1 979), 
as being 5.9 pH units for P. monodon at a sa l in ity o f  30 pp!. 

Moulting frequency was highest at pH 4.9 (30 ppt) and was 
inverselv related to salin ity , while the interaction was not 
signific;;n t (P>0.05). The dry matter content was depressed 
at pH 4.9 (30 ppt) but unaffected by sal in ity or the i nteraction 
(P>0.05). . 

Juvenile Penaeus monodon are efficien t osmoregu la 1ors m 
the range 15 to 30 pp! with an isosmotic point of between 23 

and 25 ppt (Cawthorne et al . •  1 983). However, a reduction in 
internal osmo larity at reduced pH had been recorded for a 
number of freshwater crustaceans and fish (Morgan and 
McM ahon. 1 982; Hobe et al .• 1 983). To investigate whether 
changes in osmotic pressure m ight exp lain the pH/salinity 
in teraction prawns were exposed to combinations of two pH 
(7.8 and 5 .6) and sal in ity ( 1 5  and 30 ppt) levels for three days; 
sufficient time for osmotic and ionic equil ibrium to be 
reached . At the end of the experimen t osmotic pressures in 
the  water and prawn haemolymph were measured and the 

d i fference between these two values (Dop) calculated as an 
ind ication of osmoregulatory abi l ity. At both salinities (15 
and 30 ppt)  haemolymph osmotic pressure was closer to 
ambient osmotic pressure at reduced pH (5.6). Both salinity 
(P<0.001 )  and pH (P<0.01)  significantly reduced Dop, and 
there was no interaction (P>0.05). Although the results of this 
exoeriment showed that reduced pH lowered osmoregulatory 

abi l ity in Penaeus monodon. they did not confirm the hy
pothes is that differences in osmoregulatory ability were re
spo nsib le for the interaction between pH and salinity on 
weieht eain. The interactive effects of pH and salinity on 
ioni� re�ulation mav warran t further investigation. 

Th e  e;timation of lethal and sub lethal low p H levels for P. 
monodon (3.8 and 5.9 pH units respectively) should assist 
prawn farmers with the m anagement of acidic ponds. 
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WATER Q U AL.ITY PAR AM ETERS TO 
.. WATC H I N  P R AW N  FAR M I N G  

2 . 5 . 3  I n  m a r i n e  prawn fa r m i n g  
p o n d s .  a n d  i n d e e d  a l l  o t h e r  
a q u a c u l t u r e  i n s t a l l a t i o n s ,  t h e  
m a i n tenance of  adeq uate water  q u a l ity 
is e s s e n t i a l  to  e n s u r e  opt i m u m  s u rv i v a l  
a n d  growth of t h e  a n i m a l s  be i n g  
c u l t u red T h e  water  q u a l i ty of  a b o d y  o f  
water  i s  determ i ne d  by a c o m p le x  
i n teract i o n  of p h y s i c a l ,  c h e m ic a l  a n d  
b i o l og i c a l  p a r a m eters .  S o m e  of  t h e  
m o re i m por tant  of  t h e s e  a r e  l i sted  i n  
T a b l e  1 .  

F o r t u n a t e l y  f o r  m o s t  p r a c t i c a l  
a q u a c u l t u re s i t u a t i o n s .  m e a s u r e m e n t  
o f  o n l y  a few o f  t h e s e  p a r a m eters  i s  
s u ff i c : e nt to  g i v e  t h e  fa r m e r  s o m e  
i n d i c a t i o n  o f  t h e  p r o c e s s e s  w h i c h  a r e  
o c c u r r i n g  i n  t h e  p o n d .  t h e  s u i ta b l i l i ty o f  
t h e  p o n d  water f o r  t h e  a n i m a l s  b e i n g  
c u l t u r e d  a n d  t h e  i n f o r m a t i o n  
n e c essary t o  d e v i s e  water  q u a l ity 
m a n a g e m e n t  s t r at e g i e s .  S o m e  of  
t h es e  parameters  a n d  m et h o d s  u s e d  
f o r  t h e i r  m e a s u r e m ent  a r e  d i s c u s s e d  
b e l o w  E m p h a s i s  has b e e n  p l ac e d  
w h e r e  poss i b l e  o n  m e t h o d s  w h i c h  c a n  
b e  u s e d  b y  a q u a c u lt u r i s ts w it h o ut 

a c c e s s  to s o p h i st i c ated l a b o ratory 
e q u i p m ent .  

D i fferent  s p e c i e s  often h a v e  q u i t e  
d i s s i m i l a r  l e t h a l  l i m it s  a n d  o pt i m u m  
ra n g e s  f o r  water  q u a l i ty p a r a m et e r s .  I n  
t h i s  a rt i c l e .  t h e  l e v e l s  deter m i n e d  f o r  
t h e  j u m b o  t i g e r  p r a w n  (P ena eus 
monodon) are g iv e n  w h e r e  avai l a b l e .  
I m p l i c a t i o n s  for  p o n d  m a n ag e m e nt a r e  
b r i e f l y  d i s c u s s e d .  

A l i s t  of  s o m e  s u p p l i e r s  o f  w a t e r  q u a l i ty  
a n a l yt i c a l  p r o d u cts i s  g iv e n  i n  2 .5 . 4 .  
T h i s  l i st i s  n ot i n t e n d e d  t o  b e  
e x h a u st i v e  a n d  as f e w  o f  t h e  p ro d u cts  
h ave been t e st e d  b y  the  authors .  no  
e n d o rs e m e nts  o f  a ny p r o d u ct can  b e  
i n f e r r e d .  

1 .  Temperatu re & Sa l in ity 
F o r  P monodon post l arv a e  u p p e r  a n d  . 
l ow e r  l et h a l  t e m p e ratu res  h ave b e e n  
r e p o rt e d  as b e i n g  39 -42 ° C  a n d  7 - 9 ° C  
1 * . T h e  opt i m u m  t e m p e r atu r e  f o r  
m ax i m u m  g r o w t h  w a s  d e t er m i n ed a s  
2 7 -33 ° C  2 w h i l st r e p o rt e d  o pt i m u m  
s a l i n i t i e s  r a n g e  f r o m  1 0 - 2 5 %  J .  

AUST AS I A  A Q U A C U LT U R E  M A G AZ I N E  

T e m p e ra t u r e  c a n  b e  e a s i l y  a n d  
a c c u r a t e l y  m e a s u r e d  u s i n g  a 
t h e r m o m et e r  alt h o u g h  m a n y  wat e r  
q u a l i ty m et e r s  h av e  a b u i l t i n  
t h e r m 1s ter .  S a l i n ity m a y  b e  m ea s u r e d  
u s i n g  a refract o m e t e r .  s a l i n o m e t e r  o r  
c o n d u c t i v i t y m A t e r  o r  u s i n g  a 
h y d r o m e t e r  w i t h  a t e m p e r a t u r e  
correct i o n  t a b l e .  

I n f o r m at i o n  o n  t e m p e r a t u r e  a n d  
s a l i n i ty reg i m e  i s  e s s e nt i a l  w h e n  
c h o o s i n g  a prawn farm i n g  s it e  a n d  
w h e n  determ i n i ng w h i c h  s p e c i e s  are 
to  b e  c u lt u r e d  d u r i n g  d i fferent  t i m es of 
the year R a i n f a l l  data is  ava i l a b l e  from 
the B u reau of M et e o r o l ogy a n d  is very 
usefu l  when a s s e s s i n g  t h e  s e ve r ity 
and d u rat i o n  of  b o t h wet and dry 
s easo n s  3 

2 .  D issolved Oxygen 
T h i s  i s  t h e  m o s t  c r i t i c a l .  p r o d u ct i o n  
l i m i t i n g , w a t e r  q u a l i ty p a ra m et e r .  A 
l ower  l et h a l  l eve l  f o r  P monodon 
1 u v e n 1 l e s  w a s  e s t i m a t e d  a s  
a p p r o x i m ate ly  0 .9  p p m  " w i t h  a c r i t i c a l  
:,Jn t 1 nuec  :::aye  6 ��������� 
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: eve l  ( t h a t  l ev e l  b e l o w  w h i c h  g rowth i s  
red uced ) o f between 1 . 2  a n d 2 . 2  p p m  
over 1 6  d ays " ·  D is s o l ved o x y g e n  m ay 
b e  m ea s u red u s i n g  a n  oxyg e n  m e t e r  
a l t h o u g h for  r e l i a b l e  m e a s u r e m e nt s  t o  
b e  t a k e n  i t  i s  e s s e nt i a l  t h a t  m et e r s  a r e  
reg u l ar ly  c a l i b r ated . W i n k l e r ' s  t i t ra t i o n  
rn ay b e  a s  a n  a l ternati v e  o r  f o r  
c a l i brat i ng m eters 6 .  D i s so l v e d  oxyg e n  
test k i t s  w h i c h  e m ploy t h i s  m et h o d  a r e  
ava i l a b l e .  alt h o u g h  i t  i s  m o r e  t i m e  
con s u m i ng t h a n  u s i ng a d i s s o l v e d  
oxygen m eter and c o n s eq u e nt l y  l e s s  
oop u l a r  am o n g  prawn f a r m e r s .  

I n  a p o n d .  d i s s o lved o xy g e n  i s  h i g h es t  
d u r i n g  t h e  day , u s u a l l y p ea k i n g i n  t h e  
l ate aft ern o o n , fo l l ow i n g  p h ot o sy n 
t h e s i s  by a l g a e  i n  t h e  p o n d .  T h e  m o r e  
d e n s e  t h e  a l g a l  " b l o o m "  t h e  h ig h e r  t h e  
d isso lved oxy g e n  re ad i n g s . T h e s e  
i n c reases are m o d e rated b y  ove r cas t 
weath er .  D isso lved oxyg e n  w i l l  d e c l i n e  
d u r i n g  t h e  n i g ht as a l g a e  c on s u m e 
o xygen t h r o u g h r es p i r at io n .  M a ny 
other organ i s m s  i n  t h e  p o n d  a l s o  
c o n s u m e  oxyge n  a n d  t h e  p r a w n s  
t h e m s e l v e s  m a y  b e  o n l y m i n o r  
c o n s u m ers.  

When there i s  a large i n p u t  of  o rg a n i c  
m ater ia l ,  e . g . .  fo l l o w i n g  p r o l o n g e d  
overfee d i n g  o r  t h e  d e p o s it i o n  of  a l ot of  
d ead a lgal  mate r i a l ,  c o n s u m pt i o n  of 
oxygen by bacter ia  w h i c h  d e c o m p o s e  
rt1 1 s  m ater i a l  ( m icro b i a l  d e c o m p o s 

i t i o n )  c a n  l e a d  t o  a s e r i o u s 
d e p l et ion i n  t h e  d i s s o l v e d  oxyg e n  
p a r t i c u l a r l y  w h e n  t h i s  s i t u at i o n  
co inc i des wi th  h ot st i l l  n i g hts .  T h e  
provis i o n  o f  a rt i f ic i a l  ae rat i o n ,  e . g  . .  
p a d d l e  wheel  aerators ,  o r  ra p i d water 
ex h a nge.  can a l l ev i ate p ro b l e m s  w i t h  
reauced d i sso lved o xy g e n  t o  s o m e  
extent .  however i t  i s  e s s e n t i a l  t h a t  
p o n d s  a re m a n a g e d  t o  p r e v e n t  
b u i l d - u p  of e x c e s s  o r ga n i c  m atte r .  T h e  
s t 1 m u l a t i o n  o r  m a i n t e n a n c e  of  a 
m o d e r a t e  a l g a l  b l o o m  w i l l  h e l p  
m ai nt a i n  a d e q u a t e  d i s s o l v e d  oxyg e n  
l e v e l s . 
3. H ydrogen S u lphide (H2S)  
T h i s  i s  a g as prod u c e d  w h e n  oxyg e n  
h a s  been d e p l e t e d  a n d  a n a e r o b i c  
m ic r o b i a l  d e c o m p o s it i o n  o c c u rs a n d  
even low l e v e l s  ( 0 . 1  p p m )  a r e  r e p o rt e d  
t o  be stre s s f u l  t o  p r a w n s  ' .  T h e  
prese n c e  of H 2 S  i s  e a s i l y  d et e c t e d  b y  
t h e  c h a racter i s t i c a l l y  b l a c k  s ed i m e n t  
a n d a stro n g  ' r otte n  e g g '  o d o u r .  
P revent i n g  t h e  b u i l d - u p  of e x c e s s  
o r g a n i c  m a tt e r  o n  t h e  p o n d  b o tt o m  i s  
t h e  best w a y  t o  p r e v e nt p r o b l e m s  w i t h 
H2S  however betwee n  f a r m i n g  t r i a l s  
d r a i n i n g  t h e  p o n d  a n d  a l l o w i n g p o n d  
bott o m  sed i m e n t s  t o  c o m p l e t e l y  d ry 
o u t  w i l l  red u c e  p ro b l e m s .  A p p l i c a t i o n s  
o f  agr icu ltu r a l  l i m e  ( C aC 0 3 )  t o  t h e  d r y  
s e d i m e nt are  a l s o  c o n s i d e r e d  u s ef u l .  

6 Vo l .  2 N o .  5 .  D ECEM B ER 1 987 

4.  pH 
P r o b l e m s  w i t h  a c i d i c  cond it i o n s ,  ( l o w  
p H ) ,  i n  p raw n  f a r m i n g  p o n d s  c a n  o c c u r  
e sp e c i a l ly w h e re ac id s u p i h ate s o i l s  
h a v e  b e e n  u s e d .  A lower l e tha l  p H  o f  
a p prox i m ate l y 3 . 7  was est i m ated • fo r  
P monodon w h i l e  g rowth w a s  r e p o rt e d  
t o  c e a s e  below a pH of 5 fo r  p e n a e i d  
a q u a c u lt u r e  i n  a c i d  s u l p hate s o i l s  i n  
C osta R i c a  6 .  p H  m ay be m ea s u r e d  
u s i n g  c o m m er c i a l l y  a v a i l a b l e  p H  
m eters o r  p H  p a p e r  st r i p s  al th o u g h  t h e  
r e l i a b i l i ty of p H  p a p e r  s h o u l d  b e  
c he c ke d .  

S e d i m e nts c a n  a l s o  become a c i d i c  i f  
t h ey c ont a i n l a rg e stores o f  s low ly 
d e c a y i n g  o r g a n i c  m atter .  I n  p o n d s  
a ci d i c  c o n d i t io n s  a l s o  r e d u c e  t h e  
a va i l a b i l ity of  c a r bo n d iox ide a n d  oth er 
n ut r i e nt s .  e . g  . .  p h o s p h orous.  n e e d e d  t o  
st i m u l ate a n  a l g a l b l o o m .  A p p l i c at i o n s  
of a g r i c u lt u r a l  l i m e  ( C aC03)  c a n  b e  
u s e d  to ra i s e p H  an d  t h erefore 
i n c r ea s e  t h e a va i l a b i l ity of c a r b o n  
d i o x i d e  a n d  n ut r i e nts for  p h ot o sy n 
t h es i s  9 .  F e rt i l iz at i o n  c a n  t h e n  b e  u s e d  
t o  st i m u late a l g a l  g rowt h .  

p H  m e as u r e m e nt s  a l s o  a very usef u l  
i n d i ca t i o n  of  a l g a l  act iv ity i n  p o n d s .  A s  
a l g a e  p h otosynt h e s i se dur ing d ayl ight  
h o u rs .  c a r b o n  d i o x i d e  ( C 0 2 )  is  
c o n s u m ed a n d  p H  i n creases . When a 
very d en s e  a l g a l  b l o o m  ex ists i n  a p o n d  
p H  c a n  r i s e  a b ove 9 .2  1 0 . A lt h o u g h  
r e d u ct i o n  i n  p r awn g rowt h  a t  t h e s e  
h i g h  p H  l eve ls h a s  n ot been rec o r d e d .  
very d e n s e  a l g a l  b lo o m s  c a n  q u i c k ly 
d e p l ete ava i l a b l e  n utr ients a n d  r a p i dly 
die l e a d i n g  to d e p o s it i o n  of exc e s s i v e  
o r g a n i c  m atte r  o n  t h e  pond b otto m 
w h i c h  m a y  l e a d  t o a d i sso lved oxyg e n  
c r i s i s . R a p i d water ex c h a n g e  c a n  b e  
u s e d  to d i l ute excess ive  a lga l  b l o o m s .  

5.  Ammonia 

P ra w n s  a n d  ot h e r  a q u a t i c  a n i m al s  
e x c r et e  a m m o n i a  d i rect ly a n d  i t  c a n  
a l s o  a c c u m u late  f o l lowing d e c o m p o s 
i t i o n  o f o rg a n i c  m a tter .  A m m o n i a  e x i s t s  
i n  s o l u t i o n  i n  two f o r m s ,  a h i g h ly t o x i c  
u n i o n i s ed ( f r e e )  fo rm and a l e s s  t o x i c  
i o n i se d  fo r m .  T h e  p r o p o rt i o n  of e a c h i s  
d et e r m i n ed c h i e f l y  by t h e  p H  a n d  a l s o  
b y  t e m p e r a t u r e  a n d  s a l i n i ty . A n  u p p e r 
l e t h a l  l e v e l  of a p prox i m et e l y  3 7 m g  
N H 3 - N  tot a l  a m m o n i a / I  ( 1 . 8 m g  N H 3 - N  
u n i o n i sed a m m o n i a  / I  at  p H  = 8 . 0 .  
t e m p e r a t u r e  = 2 7 .0 ° C  a n d  s a l i n i ty 
3 3 % 0 )  was e s t i m ated with g rowt h b e i n g  
r e d u c ed a b o v e  a bout  4 . 1 m g  N H 3 - N  
t o t a l  a m m o n i a / I  ( 1 . 8 m g  N H 3 - N  
u n i o n i s ed a m m o n i a / I  at p H  = 8  o .  
t e m p e ratu re = 2 7 ° C  a n d  s a l i n ity = 
3 3 % 0 )  over  t h re e  weeks • .  

A m m o n i a  c a n  b e  m e a s u r e d  u s i n g  i o n 
s e l e ct i v e  e l e c t r o d e s  a n d  a mV meter  o r  
u s i n g  t e st k i t s  d e s i g ned for  s a lt water .  
I n a l a bo r a t o ry more s o p h i st i c at e d  

s p e c t r o p h o t o m e t r i c  a n a l y s i s  
g e n e r a l ly u s ed.  I n  natural syster. �::: 
a m m o n i a  i s  converted t h r o u g h  n itr i te '. c  
n i t rate by c e rt a i n  groups of bacte r i a  • ::  
t h e  s e d i m ent  a n d  i s  a lso a ss i m i l ate!.: 
d i rec t ly by algae.  In a wel l m a n a g e c  
p o n d  it  i s  u n l ike ly  t h at a m m o n i a  w1 i i  
b u i l d  u p  t o  s e ri o u s- l evels.  

As p H  r ises the p r o p o rt i o n  of a m m o n i a  
a s  t o x i c  u n i o n ised a m m o n i a  i n c reases 
but  t h i s  s h o u l d  pose few p ro b l e m s  for 
a q u a c u lt u r i st s .  This i s  bec a u s e  p H  
r i ses i n  response t o  i n creased a lga ;  
act i v ity w h i c h  shou ld  e n sure t h at t h e  
tota l  a m o u nt of a m m o n i a  d e c l ines  
r a p i d ly as it i s  ass i m i l ated by t h e  a lgae .  

Conclusions 

I n  c o n c l u s i o n  i t  i s  i m p o rtant  t h a t  a 
prawn f a r m e r  h av e  s o m e  u nd erst a n d 
i n g  of t h e c o m p lex i nt eract i o n s  t h a  
c a n  o c c u r  i n  po n ds . H owever .  b) 
m e a s u r i n g  o n ly a few parameters on a 
reg u l a r  b a s i s  it i s  p o s s i b l e  to obta in  a 
re l i a b l e  i n d i cat ion of t h e  water q u a l it� 
and to f o r m u late a p p r o p r i ate pone  
m a n a g e m e nt strateg ies des igned to  
prevent c r i s i s  s i tuat i o n s  occur ing .  T h r:  
m ost i m po rtant tas k  i s  to p reven 
adverse l y  low d i s s o l ved oxyg en levels 
from o ccurr ing . 

O n e  of the major strate g i e s  used b1 
prawn farmers to c o ntrol  water q u a l il '. 
i s  t h e  st im u lat ion a n d  m a i ntenance of ;: 
m o d e rate a l g a l  b l o o m .  A p hyto p l a n k 
t o n i c  a lga l  b l o o m .  c o n s i s t i n g  predom 
i n a n t l y  of  s i n g l e  c e l l e d p l a n t .  
s u s p e n de d  i n  t h e  water co l u m n ,  s erve� 
severa l  ro les: 

a) M a i nt e n a n c e  of d isso lved oxygen 
b )  A s s i m i lat ion of A m m o n i a .  
c )  R ed u ct i o n  i n  l ig ht p enetrat ior 
restr ict ing  t h e  g rowt h of b e nt h 1  
( b otto m  d we l l i n g )  a l g a e  a n d  reduc i n . 
predat ion by wad i n g  b i r d s .  
d )  S e rv i ng as t h e  b a s i s  for  a f o o d  c ha i · 
i nv olv i ng b acter i a  a n d ot h e r  par 
fa u n a which cou ld  c o n st i tute natur<... 
food i te m s  for  prawns.  

A n  alga l  b loom i s oft e n  i n i t ia ted by 
s i n g l e l a rg e i n p ut of fert i l i zer .  e � 
1 O O k g / ha eac h of N itra m  and  OAf  
( d i a m m o n i u m p h o s p h a t e )  a n  
m a i nt a i ned by t he addit i o n  of  re l a t ive 
s m a l l  q u a nt it i es of fert i l izers ,  e .g . ,  2 
kg / h a eac h of N it ram and OAP an 
t h r o u g h w a t e r  e x c h a n g e .  I f  t h  

m a n a g e m e n t  strategy i s  a d o pt e d  i t  
c ru c i a l  t h a t  reg u l a r me as u re m e nts � 

d i sso l ved oxy g e n  a n d  pH are mad 
( p refe r a b ly in  t h e  m o r n i n g  a n d  a g a i n · 
t h e  la te  a ft e rn o o n ) . T h i s  a l l ows e a r  
i n d i c a t i o n s  to  b e  o b t a i n e d  of  a d ec l i n  
i n  a n  a l g a l  b l o o m  a n d  h e n c e  a 

i n d i cat i o n  of w h e n  fert i l izer  n e e d s  to ; 

a d d e d . A l s o  t h i s  i n form at i o n  w i l l  h E 

p reve nt a n  excess ive b l o o m  f ror  

Continued page 7 
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deve l o p i n g .  Some ty p i c a l  m e a s u r e 
m e n t s  of d i sso lved oxy g e n  a n d  p H  i n  a 
p o n d  wi th  a moderate a lg a e  b l o o m  
m ig h t  be 5 p p m  a n d  7 8 1 n  the  m o r n i n g  
and 1 0 p p m  a n d  8 . 5  i n  t h e later 
afte r n o o n  1 0 .  

Sec c h i - d i sc depth c a n  a lso  b e  a u sefu l 
i n d i c at i o n  of the dens i ty of a n  a l g a l  
b l o o m .  H eavi ly  stocked p o n d s  u s u a l l y  
req u i r e  m o re i nt e n s ive water q u a l ity 
m a n agement · 1 .  Th e p rov i s i o n  of 
e m e r g e n c y  a rt i f i c i a l  a e r at i o n  i s  
reco m m ended for a l l  p o n d s ,  a n d  i s  
essent i a l  for  m o r e  i ntens i ve ly  stocked 
p o n d s ,  a s  a n  i n s u r a n c e  a g a i n s t  
dep le t ion  o f  d i sso lved oxygen . 
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LIST O F  PARAM ETE R S  W H I C H  
I N FL U E N CE WAT E R  Q U ALITY 

- Tem perature 
- S a l i n ity 
- D isso lved oxyg e n  
- B io l o g i c a l  oxyg e n  d e m a n d  ( B O D )  
- C he m i c a l  oxyg en demand 
- pH 
- A l k al i n ity  
- N ut r ient content ,  e . g . ,  

ammonia (NH3) 
nitrite (N 0 2) 
nilra te (NQ J) 
phosphate (P 0 4) 
silica (S i) 

- P l ant p i g m e nts .  e .g . ,  
chlorophylls a .  b and c 
P ha eoph ytin 

- P r i m a ry p rod u ct iv ity 
- S uspended org a n i c  m atter 
- S e d i m ent cond i t i o n ,  e . g .  

oxida tion reduction potent ial 
h ydrogen sulphide (H2S) 
minerals. e.g., iron (F e) 
humic compounds 

- M ic ro-org a n i s m s  
- Other  p o n d  fa u n a  i n c .  a n i ma ls  bei n g  
c u ltured 
- W i n d  I s o l a r  rad iat ion 
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<- .6 .9  T h i s  works h o p  was h e l d  at t h e  
New S outh W a l e s  D e p a rt m e nt of · 9 r i c u l tu re's B ra c k i s h  Wate r F ish  

u lture Research Stati o n  at  S a la
m a n d e r  B ay i n  A u g u st 1 98 7 .  A p p rox
i mately 70 research s e i e n t i sts ,  b i o l o g 

t s  f r o m  c o m m e r c i a l  f a r m s ,  n utr i t-
n i sts f rom feed c o m p a n i e s  a n d  

re presentat ives · ir o m  f a r m e r  o rg a n 
i sati o n s  accepted i nv itat i o n s  to t h i s  i n 

.Jg u ra l  works h o p .  Severa l  s e s s i o n s  
3Ch dea l i n g  w i t h  a s e p a r ate a r e a  of 

resea rch were h e l d  a n d  t h e  format 
i nvolved an address f r o m  a lead i ng 

.� search e r  i n  that p a rt i c u l a r  f i e l d  
1 l l owed by up to 45 m i n utes of l i ve l y  

d i s c u s s i o n  a m o n g  p a rt i c i pants .  

he re search carr ied o ut b y  severa l  of  
1 e  s pea kers was p r i m a r i l y  a i med at  

u n derst a n d i n g  t h e  req u i re m e nts a n d  
ciynam i c s  o f  natura l  p rawn p o p u lat i o n s  

u t  f r e q u e n t l y  t h e s e  s t u d i e s  
ont r ibuted i nformati o n  re leva nt to 

aa u a c u l t u ra l  s i tuat i o n s .  Each s e s s i o n  
' "as c h a i re d  by  a n ot h e r  s c i e nt i st 

·n ose work was re levant  to t h e  s p e c if-
__; t o o i c  a n d  t h e s e  p a rt i c i p a nt s  o l ayed a 

:;i aJ o r  r o i e  i n  c o nt r i b ut i n g  to a n d  
-' i rect i n g  t h e  d i s c u s s i o n  a r i s i n g  out  of 

1e ove rv iew papers .  

D r  G reg M a g u i r e  f rom t h e  Research 
. tat i on  presented a n  i ntrod u ctory 

d d ress wh i c h  i n d i cated that  w h i l e  
i g n if i cant prog ress had been m a d e  i n  

A u s t r a l i a n  h a t c h e r i e s ,  p o s t l a rv a l  
ua l ity and s u p p l y  were st i l l  often  
1 a d e q u a t e . These factors  were 

. .  1 0 u g ht to  be a m aj o r  c a u s e  of t h e  d i s 
a p p o i n t i n g  res ults f o r  t h e  farm i n g  of 
' ;ader prawns (Pena eus monodon) i n  
J SW d u r i n g  t h e  1 9 86 / 87 s u m m e r .  
u m m ar ies of  h atc h e ry a n d  pond 

re su lts are g i v e n  i n  Ta b l e  1 .  H e  a lso  
1 d i ctaed t h at t h e re was a m aj o r  need 
· o  r e s e a r c h  workers  t o  r a p i d l y  

i n c rease th e i r  knowled g e  o f  a q u a c u lt-
u re i f  they were to be of major  a s s i st 

nce to t h e  i nd u stry or  w e r e  to eva l u ate 
q u a c u lt u re research g r a nt a p p l i cat

i o n s .  The need for  cooperat i ve p rojects 
wh i c h  would often  i nvo lve m o re t h a n  

1 n e  res e a rc h  g r o u p  o r  o rg a n i sat io n  as 
1e l l  as i n p ut f rom the i n d u stry i tse l f  

was e m p h a s ized . The fact that  m a n y  
1 3. r m s  a r e  n o w  e m p l o y i n g  g rad u ate 

l i o l og i sts c o u l d  be seen as  extre m e l y  
.:.ond uctive to  c o operat ive res e a rc h .  

T h e  a d d ress o n  m atu rati o n  w a s  g i ve n  
• Y  Dr P eter C racas ( C S I R O  M a r i n e  
.aborato r i e s ,  C level a n d ) ,  w h o  batt led  

aga i n st a t r o p i c a l  downpour  with 

2 16 

' c o n d i t i o n s  rese m b l i n g  N oah 's  f l o o d .  
H e  e m p h a s i zB d  t h a t c a p t i v e  
m atu rat i o n  i n volved t h e  i nteract i o n  of 
h o r m o n a l ,  e n v i r o n m e n t a l  a n d  
n utr it i o n a l  factors as  we l l as s p e c i e s  
s pec i f ic  p a tte r n s .  R e p o rts o f  h o r m o n a l  
i nject i o n s  i n d uc i ng matu rat i o n  were 
noted h owever i n  t h e  s h o rt term 
eyesta l k  a b l at ion  was c o n s idered l i ke l y  
to be t h e  m aj o r  matu rat i o n  tech n i q u e  
u s e d  i n  c o m m e r c i a l  h a t c h e r i e s .  
C ru stace a n  h o r m o n a l  syste m s  are 
very d ifferent  i ndeed to ve rt e b rate 
syste m s  a n d  m atu rat i o n  i s  u s u a l l y  
c o n t ro l l e d b y  a g o n a d  i n h i b i t i n g  
h o r m o n e  re lease fro m the eyesta l k .  I n  
t h e  l o n g e r  term res e a r c h  may lead t o  
t h e  d e ve l o p m ent o f  a n  a n a l o g u e  f o r  
t h i s  h o r m o n e  w h i c h  w o u l d  take away 
t h e  n ee d  for  eyest a l k  a b lat i o n .  T h e  
n e e d  f o r  m o re research o n  m a l e  
m atu rat i o n  was a l s o  i n d i cate d .  T h e r e  
w a s  c o n s i d e ra b l e  d i s c u s s i o n  of t h e  
c o st eff e c t i v e n e s s  of  a l te r n at i v e  
syste m s  f o r  h e at i ng  t h e  large ,  e . g .  S m  
d i a m eter .  s h a l low.  i n d o o r  matu rat i o n  
t a n k s  t h at a r e  often  u s e d .  

T h e  t o p i c  of l a rv a l  rear i n g  w a s  covered 
b y  Dr  P et e r  R ot h l i s b e r g  of C S I R O .  
Agai n i t  w a s  e m p h as i sed that  t h e  
d ifferent s p e c i e s  of p e n a e i d  prawn s 
oft e n  h a d  d i ff e r e n t  e n v i ro n m e nt a l  
re q u i re m e nt s  b u t  th at i n  g e n e ra l  h i g h  
wate r t e m p e ratures ( 2 7 -2 9 ° C )  a n d  
h i g h  s a l i n ity leve l s  ( 3 2 - 3 4 °  / oo )  we re 
p refe ra b l e .  Food re q u i re m e nts warrant 
c o n s i d e r a b l e  atte nt i o n  b ot h  as a 
rese a r c h  to p i c  a n d  b e c a u s e  of t h e  h i g h  
wo r k l oad i n  h at c h e r i e s  assoc iated wi th  
l a rv a l  food p r o d u cti o n .  T h e  s u itab i l ity of 
food ite m s  i s  affected by bot h  p h y s i c a l  
(sire ) and n utr i t i o n a l  c h aracte r i st i c s .  
I nterest i n g l y  m y s i s  sta g e  l a rvae can be 
very  act ive a l g a l  c o n s u m ers .  M s  Gay 
M ar s d e n  of S o uth P ac if i c H atcher ies at  
Yamba,  N SW, r e p o rted that s i m p l e  
n utr i e nt med i a  see m ed t o  be adequate 
for l a rg e  s c a l e  a lg a l  p rod uct i on  a n d  
t h at p h ot o p e ri o d  m a n i p u l at ion sh ows 
p ro m i s e .  Eff e ct i ve m e t h o d s  for s o rt i n g  
a lg a e  for  l ater u s e ,  e . g . ,  s l u rry i n g ,  
freezi n g ,  cryopreservati o n  a n d  freeze 
d ry i n g  n eed to be i n vest igated . M i c ro 
p a rt i c u l ate d i ets s e e m  l i ke ly  to beco m e  
m o re w i d e l y  u sed i n  t h e  future .  I t  was 
s u g g e sted that  h atc h e r i e s  need to use 
l a rv a l  s i ze rat h e r  than age w h e n  
a s s e s s i n g  t h e  rate of deve l o p m e nt o f  
post l a rvae.  

Ms Jan P a y nter  of  the U n i vers ity of  
Q u e e n s l a n d  d i scussed t h e  i m portance 

RESEARCH � 
of d i seases i n  aq uac u lt u r e .  I n  genera l 
s h e  c o n s i d ered that  the i n c i d e nce of 
prawn d i s eases was u s u a l l y  re l ated t o  
i n a d e q u a t e  m a n a g e m e n t o r  
e nv i r o n m e nta l  c o n d i t i o n s .  A range of 
d i sea ses and causat ive o r g a n i s m s  
w e r e  d i sc ussed i n c l ud i n g bacter ia  
(Vibro, L eucothrix, Micrococc us) , f u n g i  
(L agenidium) , c i l i ates ( per i t r i c h  a n d  
a postome c i l i ates)  a n d  v i r uses .  T h e  
o n l y  c o m m o n  p r a w n  v i ra l  p r o b l e m  i n  
A u stra l i a ,  c o m m o n l y  termed P l ebej u s  
B a c u l ovi r u s ,  h a s  b e e n  assoc i ated with 
m o rt a l ity of l a rval  and p o st larv a l  
p r a w n s  o n  s e v e r a l  o c c a s i o n s .  
Exte nded d i s c u s s i o n  took p l ace i n  
re l at i o n  to t h e  most a p p r o p r i ate po l icy  
f o r  r e s po n d i n g  to  a n d  conta i n i ng t h i s  
d i s e a s e  b ut n ot a g reat deal  of 
c o n c e n s u s  was ach i eved on these 
i s s u e s .  M ore d ata was obv ious ly  
req u i red o n  t h e  m o d e  of t r a n sfer a n d  
path og e n i c ity o f  t h i s  v i r u s .  

P ra w n  n ut r it i o n  was t h e  t o p i c  o f  a paper  
p re s e nted by  D r  B i l l  Da l l  of C S I R O .  H e 
i nd i cated t h at t h e  c o m m o n  i m p res s i o n  
o f  prawns as detr i tus c o n s u m e rs i s  
b e i n g  re v i sed as m o r e  ev idence 
beco mes ava i l a b l e  o n  the p re d o m 
i n ant ly  carn i vorous n ature of at least 
s e v e r a l  s p e c i e s .  T h e  p r o t e i n  
re q u i re m e nts of p rawns are re l ati ve ly 
h igh and a l t h o u g h  carbohydrate can 
be usefu l  i n  s p a r i n g  p rot e i n  i t  1 s  n m  
p o s s i b l e  t o  i n c l u d e  h i g h  leve ls  o i  fat i n  

t h e  d i et t o  red uce t h e  a m o u nt o f  p r ote i n  
u se d  f o r  e n ergy p ro d u ct i o n .  P rawns 
h ave q u ite u n u s u a l  l i p id  re q u i rements 
in terms of essent i a l  l i p i d s  and it is  
u s u a l l y  n e cessary to i n c l u d e  a mar ine  
l i p id  source e .g . ,  f i sh  o i l ,  to sat i sfy these 
r e q u i r e m e n t s .  S t a r v a t i o n  t r i a l s  
i nd i cated that  some a m i n o  ac ids  wh i c h  
a r e g e n e r a l l y  c o n s i d e r e d  a s  
n o n -essent i a l  seem to p l a y  i m po rtant 
meta b o l i c  ro les .  H owever s u p p le
m e ntatio n  of  d i ets with o n e  of these 
a m i n o  a c i d s ,  p ra l i n e ,  has n ot so far 
i nc reased p rawn g rowth  rates. H i s  
team h a s  h a d  s o m e  success with 
i n h i b i t ing  t h e  leach i n g  of s o l u b l e  
nutr ients  f r o m  p rawn d i ets a t  least on 
an expe r i m enta l  sca le .  The n utr i t i o n a l  
s u per ior ity o f  s o m e  Taiwanese a n d  
J a panese d i et s  may wel l b e  d u e  to  the 
i nc l u s i o n  of very expens ive m a r i n e  
m o l l usc  o r  c rustacean m e a l s ,  e .g .  
s q u i d  mea l .  

Two s e s s i o n s  dea lt w i th  mar ine  ponds 
as  h a b itats for  p rawns and in  the f i r st o f  
t h e �e Mr  G e off A l l a n ,  D e pt .  o f  
A g r i c u lt u re NSW,  d i s c u s s e d  t h e  
env i ro n m e nt a l  req u i re m e nt s  of a range 
of spe c i e s  with e m p has is  o n  leader  
p rawn s .  He prese nted the resu l ts  of 
n u merous b i oassay a n d  p hy s i o l og ica l  
stud ies w h i c h  i n d i c ated t h e  o pt i m u m  or 
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a c c e pta b l e  leve l s  o f  several  water 
q u a l i t y  p a r a m e t e r s  i n c l u d i n g  
t e m p e r a t u r e ,  s a l i n i t y ,  d i s s o l v e d  
oxyg e n , p H ,  and d i s s o lved n itrog e n o u s  
c o m p o u n d s ,  e . g .  a m m o n i a .  T h e  
i m p o rta n c e  of sed i m e nt cond it i o n  a n d  
c o m p os i t i o n  w a s  a lso  c o n s i d ered i n  
ter m s  of  ac id ity, r e d o x  p otent i a l  a n d  
pest i c i d e  content .  These n u m erous 
factors  were d i sc u s sed in  re lat io n  to  
pond m a n ag e m e nt pract i ces .  

I n  the n ext ses s i o n  c o n s i d e ra b l e  
i nte rest w a s  g e n erated by O r  David  
M or i a rty · of CS I R O who used p a rt ly  
hypoth et i c a l  m o d e l s  to i n d i cate h ow 
p o n d s  f u n ct ion  i n  terms of prov id i n g  
e n e rg y  ( c arb o n )  f o r  p rawn p ro d u ct i o n .  
O n e  i nt e r pretat i o n  o f  t h e  m o d e l s  i s  that  
two g e n e r a l  pathways c o u l d  be 
f o l l owed a l though these d i d  in teract.  
T h e s e  were:  ( 1 ) p h yto p l a n kt o n  to 
z o o p l a n k t o n ,  m e i o f a u n a  a n d  
m a c r ofa u n a  and f i n a l l y  to prawn s a n d  
( 2 )  p h yto p l a n kton to bent h i c  d etr i tus  t o  
b acter i a  to  m e i of a u n a  a n d  fi n a l l y  t o  
prawn s .  H i s mode l  s u g g e sted t h at t h e  
f o r m e r  may b e  m o r e  i m p o rtant a n d  t h at 
t h e  c o n d i t i o n s w h i c h  favo u r  h i g h  
bacter i a l  dens i t ies  e . g . ,  l a rge a m o u nt s  
of b e nt h i c  o rga n i c  m atte r  ( h i g h  carbon  
to n it og e n  rat i o \ .  c o u l d  we i l  c a u s e  
e x c e s s i v e  o e m a n o  f o r  oxyg e n  a n d  
h e n c e  p rawn m o rt a l i ty.  As a great dea i  
of carbon i s  l os1 as carbon d i o x i d e  
d u r i n g  r e s p i r a t i o n  t h e r e i s  a 
c o n s i d e r a b l e  energy l o s s  for  each ste p  
i n  a food c h a i n .  s o  c lear ly  t h e  effi c i e n cy 
of a p athway wi l l d e p e n d  on t h e  
n u m b e r  of ste ps i n  t h at path way fro m 
p hyto p l a n kton or detr itu s  to t h e  f i n a l  
c o n s u m e r  { p referab ly  prawn s b ut 
p o s s i b ly a l s o  certa i n predato ry f i s h ) .  

O r  J i m  Stoddart o f  t h e  A u st ra l i a n  
I nst i tute o f  M a r i n e  S c i e n c e ( A I M S )  at 
Town s vi l l e  out l i n e d  t h at orga n i s at i o n ' s  
p l a n s  for  a prawn g e n et ics  research 
program and e m p has ised the ro le  that  
c o m m e r c i a l  fa r m e rs cou ld  p lay i n  
en s u r i n g  th at after  d ifferent g e n et i c  
s t r a i n s  were i d e nt i f i e d .  s u ff i c i e n t 
n u m b e r s  of p r a w n s  fro m t h e s e  
d i ffe rent  genet ic  stra i n s  c o u l d  b e  
m a i nt a i n e d  a n d  eva l u ate d .  

T h e  f i n a l  sess i o n  o f  t h e  works h o p  was 
ai m ed at i d ent i fy i ng research p r i or i t ies  
a n d  t h i s  was cha i red wi th  c o n s i d e r a b l e  
w i t  b y  D r  J o h n  M c i nty re of the  
U n ivers ity of  N S W .  I t  was obv i o u s  that 
m a n y  c o m merc i a l  ope rators h a d  a 
s h o rt term need for  l a b o u r  savi n g  
d e v i c e s  a n d  i m proved tech n o l o g y ,  e . g . ,  
a u t o m a t e d  l a rv a l  c o u nte r s ,  wh i l e  
resea r c h  wo rkers were ofte n m o r e  
i nterested i n  l o n g e r  term g o a l s  ar i s i n g  
o u t  of  a n  u n d e rsta n d i n g of h ow 
b i o l o g i c a l  syst e m s  fu nct i o n ,  e . g . ,  l a rv a l  
c u lt u re s  a n d  p o n d s .  Th i s  i s  n ot to s a y  
t h at t h e  i m po rta n c e  of bot h  typ e s  o f  

work was not a p p r e c i ated b y  b o t h  
g ro u p s .  Some 2 5  tec h n i c a l ,  rese a r c h  
o r  a d v i s o ry t o p i c s  w e r e  s u gg e sted a s  
req u i r i n g  g reater att e nt i o n  a n d  t h e  
f o l l o w i n g  were c o n s i d e red b y  m a n y  
p a rti c i p a nts  to be o f  m aj o r  i m p o rt a n c e .  

1 .  B a c t e r i a l  dyna m i c s  i n  l a rva l  tan k s .  

2 .  D e v e l o p m e nt of methods a n d  
adv i s o ry mate r i a l  for  i m p rov ing y i e l d s  
f r o m  prawn fa r m i n g  p o n d s .  ( I m proved 
d i s s e m i n a t i o n  o f  p r a w n  f a r m i n g  
i nf o r m at i o n  i n  g e n era l  was s e e n  a s  a 
m aj o r  g o a l ) .  

3 .  P ra w n  n utr i t i o n .  

4 .  A n at i o n a l  p rawn d i seases p o l icy .  

I n  g e n era l  t h e  res p o n se of the  
p a rt i c i p a nt s  to t h e  works h o p  was very 
e n c o u r a g i n g  a n d  p l a n n i n g  h a s  
c o m m e n ced for  a sec o n d  works h o p  to 
b e  he ld  at G r i ff i th  U n ivers i ty  i n  
B ri s b a n e  d u r i n g  wi nter  1 98 8 .  T h e  
o rg a n i s e r s  for  t h at works h o p  w i l l b e  O r  
B i l l  D a l l  ( c o - o rg a n i s e r  o f  t h e  i n a u g u ra l  
works h o p )  a n d  fro m G riff i th  U n ivers ity ,  
Or A n g e l a  A l k i ngton and Dr N ig e l  
P resto n .  

Th i s  s u m m ary was c o m p i l e d  b y  O r  
G re g  M a g u i re ( co -o rg a n i se r  of t h e  
i n a u g u ra l  works h o p )  a n d  M r  G eoff 
A l l a n . T h e  reports p r o v i d e d  b y  t h e  
v a ri o u s  re cont e u rs ior  t h e  i nd i v i d u a l  
s e s s i o n s  a n d  by M r  Kevi n Taroey .  
T a s m a n i a n  S t a t e  I n s t i t u t e  o f  
Tec h n o logy ,  L a u n cesto n ,  were m o st 
u s e f u l .  M o r e c o m p r e h e n s i v e 
s u m m a r i e s  w i l l  be d i str i b uted to t h e  
work s h o p  p a rt i c i pants .  

S o u rce:  A rt i c l e  w r i tt e n  by G re g  
M a g u i re .  N SW D e pt .  ofAg r i c u lt u re . 
B ra c k i s h  Water F i s h  C u lt u re R e s e a r c h  
Stati o n ,  C l - P 0. ,  Sal a m a n d e r  B ay,  
N S W  2 3 0 1 . Te l :  ( 0 4 9 )  82 1 2 32,  Fax :  
( 0 4 9 )  82 1 1  0 7 .  
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J effe ry ,  S . W .  a n d  G a r l a n d ,  C . D .  1 98 7 .  
M a s s  c u lt u re o f  m i cro-a lgae e s s e n t i a l  
f o r  m a r i c u lt u re h a tc h e r i e s .  A u st ra l i a n  
Fi s h e ri e s ,  Vo l . 4 6  N o .  5 ,  M a y  1 98 7 .  
L e w i s ,  T . E . ,  G a r l a n d , C . O .  a n d  
M c M e e k i n ,  T .A .  1 986 . M a n ua l  of 
h yg i e n e f o r  s h e l l f i s h  h at c h e r i e s .  
U n i ve rs ity o f  Tas m a n i a ,  H ob a rt ,  4 5 p p .  

ADVERT I S E  N OW! 
Ad v e rt i s i n g  i n  A u st A s i a  
Aq u a c u lt u re M ag azi ne  1 s  
a c ost effect i ve way of 
r e a c h i n g y o u r  t a r g e t 
m a r ket . 
CALL (09) 361 6600 N O W  

FO R F U L L  D ETAI LS.  
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F i s h e ries  n ow u n d e rtake rout ine b ut 
c o m p reh e ns ive s a m p l i n g  progra m s  i n  
s o uthern Tas m a n i a  ( s e e  f ig u re ) .  T h i s  
p rog ram was p a rt i a l ly funded by a 
F i s h i n g I n d u st r y  R e sear c h  T r u s t 
Ac count ( F I RTA) g ra nt.  

U n acceptably h ig h  tox i n  con centrat
i o n s  h a v e  b e e n  d e t e c t e d  i n  
c o m merc i a l  m u ss e l s  (Mytilus edufis 
p l a n ula t u s) a n d  P a c i f i c  o y s t e r s  
( C ra s s o s trea giga s) , w h i l e  h i g h  
c o n c e n t r a t i o n s  h a v e  b e e n  a l s o  
d etected i n  the t issues of w i ld  q u e e n  
s c a l l o p s  ( E q u i c h la m y s b i fr o n s ) , 
d o u g h b o y  s c a l l o p s (Mim a chlamys 
a sperrim us) and c o m m e r c i a l  sca l l o p s  
(P ecten fuma ta) . 

Shellfish Farm Clos u res 

E a r l i e r  t h i s  year several  s h e l lf i s h  fa r m s  
were c losed i n  the southern  wate rs o f  
Tas m an i a  (see m a p s ) ,  d u e  t o  t h e  
p resence o f  the tox ic  d i n of lagel l ate ,  
G ymn odinium ca tena tum. H owev e r  
after  a f e w  m o n t h s  they w e r e  reo p e n e d  
a s  t h e  t o x i n  h a d  c o m p l e t e l y  
d i s a ppe-:red fro m the s h e l l f i s h .  

A te m p o ry b a n  o n  the tran sfe r o f  
s h e l l f ish stocks fro m o n e  area t o  
another  w a s  i nt roduced to prevent the  
so read i n g  o f  the d i nof l ag e l l ate o r  i t s  
b enth i c  rest i n g  s p o re .  

T h es e  programs wi l l e n s u r e  t h a t  hea l th  
ri s k s  are  avo i d ed and the q u a l ity  of the 
T a s m a n i a n  s h e l l f i s h  p r o d u c t  
g u a ranteed . 

S o u rces: Extracts  f ro m G u st a a f  
H a l legraeff and C o l i n  S u m ner .  "Toxi c  
p l a n kton b loom affect s h e l lf i s h  far m s "  
A u st ra l i a n  F isher ies ,  V o l .  45 N o .  1 2 '. 
D e c e m b e r  1 98 6 ;  a n d  2 .  G u staaf 
H a l l e g r a e f f ,  " R e d  t i d e s  i n  t h e  
A u stra las i a n  reg i o n " , C S I R O  M ar i n e  
Laborator ies  R e p o rt ,  1 87 ,  1 98 7 .  
M a p s  a n d  fi g u res c o u rtesy o f  G u staaf 
H a l l e g r a e f f , C S I R O  M a r i n e  
Laborator ies ,  G P O  B ox 1 53 8 ,  H o b a rt 
Tas . 7001 . Te l :  ( 0 0 2 )  2 0  6 3 1 1 .  

S TO CK YOUR DA MS WITH 

WA RM WA TER NA TI VE FISH 

M urra y Cod, Yello w belly, P erch, 
S il ver perch. Th ey require little 
c a re & will forage for fe e d. 
Temp era ture & turbidity a re 

normally n o t  a problem. 

NA TI VE FISH HA TCHERIES 

Tel: (057) 98 1 428 (E. S ta tes) 

A US TASIA A Q UA CUL TURE 

Tel: (09) 361 6600 (W. A us t.) 
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