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Abstract

Removing accumulated shrimp pond sediment is one of the most common management practices in shrimp
aquaculture. In the Mekong Delta of Vietnam, the improved extensive shrimp farmers remove pond sediment when they
observe abnormalities in their ponds (e.g. shrimp mortality, excessive algal development, foul smell, or too much
turbidity). This on-farm study examines whether removing pond sediment in the wet season during shrimp production
improves pond conditions. Sampling took place twice during shrimp production in six experimental ponds (bottom
sediment was manually removed after the first sampling) and three control ponds (bottom sediment remained
undisturbed). Results showed that sediment removal did not improve pond water conditions. The organic loadings of the
pond bottom remained unchanged while macrozoobenthos density, species richness, diversity and evenness of the
aquatic community were not affected. Only a small increase in redox potential of the pond sediment (p<0.01) was
recorded. It is strongly recommended that farmers do not remove pond sediment in the improved extensive shrimp
system under the defined conditions.

Introduction

Soils and the accumulated sediment are integral parts of shrimp ponds (Avnimelech and
Ritvo 2003) which influence water quality, shrimp growth, and production (Boyd 1995; Avnimelech
and Ritvo 2003). Accumulated sediment in shrimp ponds originates from the residues of pond
inputs, e.g. uneaten feed, biological wastes, suspended solids from input water, and eroded soil (Lat
2002; Avnimelech and Ritvo 2003; Brennan et al. 2002; Preston and Clayton 2003). As a result, it
contains higher amounts of organic matter, total nitrogen, and phosphorus as compared to normal
soils (Lat 2002). Accumulated sediment is undesirable in intensive shrimp systems (Funge-Smith
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and Briggs 1998) while effects in extensive and improved extensive shrimp systems have not been
reported.

In Southeast Asia, there are three major approaches to pond sediment management, being
“remain”, “remove”, and “resuspend” (Lat 2002). Shrimp farmers in Thailand believe that removing
accumulated pond sediment leads to better shrimp yields as sediment is a source of pathogenic
agents to shrimps (Yuvanatemiya et al. 2011). In Thailand, pond management practices include
drying of pond bottom between crops, liming, tilling and periodic sediment removal (Wudtisin and
Boyd 2006). Some farmers in Southern Thailand also treat their pond sediment by dewatering
through sun drying or sand bedding. Some shrimp farmers in Thailand and eastern Indonesia leave
some accumulated sediment in the ponds after harvest to improve water condition for the next crop
(Lat 2002). In Chantaburi province (Thailand), 97% of commercial shrimp farmers use water jets to
dislodge sediment from their ponds (Yuvanatemiya et al. 2011). Partial removal of pond sediment is
preferred while complete removal is not commonly practised (Lat 2002). In the Mekong Delta of
Vietnam, the improved extensive shrimp farmers remove pond sediment employing either partial or
complete removal methods. Many remove pond sediment during the dry season while some (18%)
take the action during the wet season. About 20% of farmers carry out this farming practice
irrespective of the season. The reasons for sediment removal are many, such as shallow pond water,
too much turbidity, excessive algal growth, or shrimp death (Tho 2012). Sediment removal is a
labour intensive process (Brennan et al. 2002) and constitutes the main cost of shrimp pond
preparation in the Mekong Delta of Vietnam (Brennan et al. 2000; Preston and Clayton 2003). In
2008, the labour cost for manual sediment removal in the improved extensive shrimp ponds in the
area ranged between $USD18.6-31 ha-1 (Tho 2012).

There is little literature on the effects of sediment removal on shrimp pond conditions. It is
generally accepted that sediment removal is essential to reduce the risk of shrimp diseases
(MPEDA/NACA 2003). Removing pond sediment increases pond depth and makes harvest
operations easier. Removed sediments are used to repair the pond dikes (Boyd 1995). Catfish and
freshwater prawn ponds in Thailand from which sediment was occasionally removed tend to have
better soil quality compared to carp ponds from which sediment was not removed (Wudtisin 2005).
This practice improves the physical and chemical characteristics of shrimp pond bottom
(Yuvanatemiya and Boyd 2006) but did not reduce Vibrios, sulfate-reducing bacteria, or
heterotrophic bacteria in shrimp ponds (Smith 1998). In the Mekong Delta of Vietnam, effects of
sediment removal to pond conditions have remained unknown. This paper documents the effects of
partial removal of pond sediment in the improved extensive shrimp system in the wet season during
shrimp production on pond conditions in the coastal Cai Nuoc district, Mekong Delta of Vietnam.
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Materials and Methods

The study area and the improved extensive shrimp ponds

The coastal Cai Nuoc district (395.14 km2) is situated in the South-west of Ca Mau province,
Mekong Delta of Vietnam (Fig. 1). It is a lowland delta plain, with average elevation of 0.2 m above
mean sea level. The district is connected to the South China Sea and the Gulf of Thailand by a dense
network of rivers and canals. It has two distinct seasons: a wet season (May–October, average
rainfall of 2,100 mm), and a dry season (November–April, average rainfall of 200 mm).

The improved extensive shrimp system in which black tiger shrimp (Penaeus monodon

Fabricius 1798) is farmed accounted for 88% of all shrimp related areas and occupied more than
70% of the district’s total land area in 2008 (DoA 2009). A typical improved extensive shrimp pond
is composed of a central platform, which accounts for the majority of pond area, and a surrounding
trench (2-2.5 m width, 0.6-0.8 m depth). The improved extensive shrimp system is characterized by
(1) earthen monoculture ponds, (2) a stocking density of 1-7 postlarvae m-2, (3) irregular sediment
removal, (4) a survival rate of 3-20%, and (5) low and unstable shrimp yields (Hens et al. 2009; Tho
et al. 2011). Prior to stocking, 50% of farmers apply fertilizers (NPK, urea, DAP) to promote
phytoplankton development in their shrimp ponds. The amount of fertilisers applied to the ponds
varies according to the phytoplankton bloom and no proper records are maintained on its application
(Tho 2012). No feeding is applied to the ponds. Although the initial stocking is low, most farmers
stock supplementary shrimp larvae (up to 50-100% of the original amount stocked) over the
following months. The average shrimp production of this shrimp system was estimated at 390 kg ha-

1 yr-1 (Tho 2012).
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Fig. 1. The study area and the sites for the experiment.

Sampling scheme

This on-farm experiment was conducted during shrimp production in the middle of the wet
season 2011 (July-August), following a preliminary survey on pond management strategy. Nine
shrimp ponds of similar sizes that had not been subjected to sediment removal for about 12-14
months were selected (Fig. 1). All of these ponds were converted from the traditional rice fields
about 10-11 years ago. These nine ponds were divided into two distinct pond groups: experimental
ponds (six) and control ponds (three). Sampling 1 took place in all of the nine ponds. About 10 days
later, the experimental ponds were subject to a manual sediment removal from the trench while the
control ponds were left unaltered. The dredged sediment was deposited on the dikes. Sampling 2
was conducted in all of the nine ponds, about 2-3 weeks after sediment removal. Pond water was not
exchanged during the experiment. Shrimp production of the ponds under study was not estimated.
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Sampling of pond water

Pond depths were calculated as the average of five measurements in the trench. Salinity,
temperature, pH, DO, and turbidity of pond water were measured in situ in the trench at 20 cm depth
using a TOA instrument (WQC-22A, DKK-TOA Corporation, Tokyo, Japan). For the other
parameters, sampling was conducted at three locations in the middle of the water column of the
trench as sub-samples which were subsequently mixed to form a composite sample for analysis.
Hydrogen sulfide (H2S) was sampled near the water-sediment interface of the trench. All samples
were kept in the dark at approximately 4 0C and transported to the lab the same day for analysis.

Quantitative sampling of phytoplankton was conducted by filtering through a Juday net (20

m mesh size) a total volume of 60 L of pond water collected at six different sites (10 L each) of the
pond into a final 100-mL plastic bottle. Quantitative sampling of zooplankton was conducted by the

same procedure but with a different mesh size (60 m). All samples were fixed by a formalin
solution of 4%.

Sampling of pond bottom sediment

Pond sediment was sampled at three locations in the trench as sub-samples using an Ekman
grab. The sub-samples were later combined into a composite sample which was kept in a plastic bag
for organic matter (OM) analysis. The pH (pHw) and redox potential (Eh) of freshly collected
sediment were measured in situ using a combined Eh/pH meter (pH 62K, APEL Co Ltd, Saitama,
Japan). The Eh was measured using an EMC 130 Meinsberg electrode (Sensortechnik Meinsberg
GmbH, Ziegra-Knobelsdorf, Germany) while the pHw was measured by a glass electrode.
Quantitative sampling of macrozoobenthos was conducted using the Ekman grab with a surface area
of 0.025 m2. At each site, samples were taken at four nearby locations, resulting in a total area
sampled for macrozoobenthos of 0.1 m2. The samples were sieved through a screen of 0.5 mm, fixed
by a formalin solution of 8%, and stored in 100-mL plastic bottles.

Sample analysis

Analysis of water parameters was performed using the standard procedures by APHA
(1995): (1) BOD: 5-Day BOD Test; (2) TSS: Gravimetric, dried at 105 0C; (3) NH4-N: Indophenol
blue method; (4) NO3-N: Salicylate method; (5) Total N: digested by Kjeldahl Digestion System,
Indophenol blue method; (6) PO4-P and total P: Ascorbic acid method; (7) H2S: Methylene blue
method; (8) Chl-a: extracted by acetone 95%, determined by the spectrophotometer method. OM of
sediment was determined by the loss-on-ignition method (550 0C, 4 h).
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Phytoplankton and zooplankton species were identified respectively by an Olympus BX41
microscope and an inverted microscope. The number of individuals of each species of plankton were
later counted and converted to number of individuals per m3. Macrozoobenthos samples were dyed
by Rose Bengal for 24 h, washed through a 1-mm sieve, collected, identified, counted, and
converted to number of individuals per m2.

Calculation of biological indices

The diversity of the aquatic community was measured by (1) the Shannon-Wiener index (H’)
(Shannon and Weaver 1949), (2) the Hill’s index N1 (measures the number of abundant species),
and (3) the Hill’s index N2 (measures the number of very abundant species) (Hill 1973). Species
richness was estimated by the Hill’s index N0 (total number of all species regardless of abundance)
(Hill 1973). The evenness of the community was expressed by the Pielou’s evenness index (J’)
(Pielou 1969).

Statistical analysis

A Two-way Repeated Measures ANOVA was applied to analyse the effects of sediment
removal on pond conditions. Sampling (sampling 1, sampling 2) and pond group (experimental
ponds group, control ponds group) were treated respectively as within-subjects factor and
categorical factor. The physico-chemical and biological parameters were treated as dependent
variables. Effects of sediment removal were determined based on the interaction effects between the
within-subjects factor and the categorical factor on dependent variables. All significance testing was
done at the 0.05 level. All statistical analyses were performed using the Statistica package (version
7.0, Statsoft Inc., Tulsa, Oklahoma, USA).

Results and Discussions

Quality of water and sediment of the shrimp ponds under study

Physico-chemical characteristics of water and sediment of the shrimp ponds under study are
shown in 4 blocks (Experimental ponds at sampling 1, control ponds at sampling 1, experimental
ponds at sampling 2, and control ponds at sampling 2). Values of mean and standard deviations are
displayed for each of the parameters (Table 1).
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Table 1. Water and sediment quality of the shrimp ponds under study.

1Exp-S1: experimental ponds at sampling 1, 2Con-S1: control ponds at sampling 1, 3Exp-S2: experimental ponds at
sampling 2, 4Con-S2: control ponds at sampling 2. Stdev.: Standard deviation.

Pond depths and water parameters

Fluctuations of pond depths are recognized but not due to sediment removal as shown in the
Two-way repeated measures ANOVA (Fig. 2). Significantly lower salinities in sampling 2 (p<0.01)
were most probably ascribed to the heavy rains rather than sediment removal. Sediment removal did
not affect pH, TSS and turbidity of shrimp pond water (Fig. 2).

Parameter

Mean Stdev. Mean Stdev. Mean Stdev. Mean Stdev.

Pond water

Pond depth (cm) 68.17 10.11 85.33 21.39 63 23.14 80.67 21.13

pH 8.33 0.26 7.94 0.15 8.44 0.36 7.93 0.57

Temperature (0C) 31.93 2.5 32.6 0.61 33.12 2.87 33.03 2.17

Salinity (g L-1) 0.92 0.26 0.66 0.2 0.78 0.22 0.51 0.13

Turbidity (NTU) 44.67 22.57 46 39 33 16.46 21 10.58

DO (mg L-1) 4.92 1.55 3.68 0.51 5.45 1.27 4.97 1.74

BOD (mg L-1) 12.67 2.16 9.67 3.06 15.83 5.38 11.67 3.79

TSS (mg L-1) 16.27 3.93 13.2 4.92 10.17 5.64 9 5.57

Alkalinity (mg L-1) 130.7 32.75 133.14 30.59 425.17 133.3 400.57 91.77

NH4-N (mg L-1) 0.28 0.06 0.2 0.04 0.5 0.11 0.35 0.09

NO3-N (mg L-1) 0.12 0.03 0.16 0.05 0.11 0.03 0.1 0.04

Total N (mg L-1) 4.07 2.7 4.96 2.43 2.84 0.37 1.81 0.71

PO4-P (mg L-1) 0.03 0.02 0.01 0.01 0.14 0.13 0.1 0.15

Total P (mg L-1) 0.56 0.64 0.21 0.16 1.28 0.34 2.01 0.96

H2S (mg L-1) 0.04 0.01 0.02 0.01 0 0 0 0

Chl-a (µg L-1) 0.1 0.06 0.08 0.09 0.05 0.06 0.01 0.01

Pond sediment

pH 7.24 0.41 7.46 0.39 7.35 0.11 6.98 0.52

Eh (mV) -370.8 23.9 -314.7 106.3 -339.7 30.3 -354.7 85.7

OM (%) 11.98 0.77 12.09 0.77 10.73 0.6 11.54 0.8

Exp-S11 Con-S12 Exp-S23 Con-S24
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Removing pond sediment did not significantly affect the organic loadings of the shrimp pond
water (Fig. 3). H2S was found at harmful levels (0.01-0.05 mg.L-1) in both pond groups in sampling
1 but not detected in sampling 2. This was not necessarily the result of sediment removal but
probably the effect of dilution under rainy conditions. In the same shrimp system of the study area,
low H2S concentrations (≤0.02 mg.L-1) were reported (Tho et al. 2011).

Organic matter, redox potential, and pH of pond sediment

In shrimp ponds, OM accumulates most strongly in the upper 10-20 cm of the sediment
(Munsiri et al. 1995). Both pond groups showed slightly reduced OM values in sampling 2.
However, sediment removal yielded no effect on the contents of organic loadings of the pond
bottom (Fig. 4). This can be explained by both the low effectiveness of manual sediment removal
during shrimp production and the subsequent back-washing of freshly deposited sediment under
rainy conditions. Our finding was consistent with Yuvanatemiya et al. (2011) that treatments of
shrimp pond bottom (flushing, tilling, sun-drying) did not yield significant changes in organic
carbon concentrations of pond soils.

Fig. 2. Two-way repeated measures ANOVA for pond depths and basic parameters of Cai Nuoc shrimp pond water.
Vertical bars denote 0.95 confidence intervals.
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Fig. 3. Two-way repeated measures ANOVA for organic loadings of Cai Nuoc shrimp pond water. Vertical bars denote
0.95 confidence intervals.
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Fig. 4. Two-way repeated measures ANOVA for pH, OM, and Eh of Cai Nuoc shrimp pond sediment. Vertical bars
denote 0.95 confidence intervals.

Just below the water-sediment interface of Cai Nuoc improved extensive shrimp ponds, an
anaerobic condition has been developed (Tho et al. 2011; Tho et al. 2012). This is the result of a
considerable consumption of pond oxygen budget for OM decomposition (Lat 2002). Redox
potential (Eh) of the experimental ponds and the control ponds showed different trends between the
samplings. The Two-way repeated measures ANOVA revealed a significant interaction between
“pond group” and “sampling” on Eh (F(1,7)=17.299, p<0.01) (Fig. 4). It can be concluded that
sediment removal produced a less anaerobic condition in the shrimp pond bottom. This originates
from the partial loss of accumulated sediment through removal, which reduced oxygen demand in
the sediment surface. Improvement of Eh lessens the risk of anaerobic zones at the soil–water
interface in the shrimp ponds (Yuvanatemiya and Boyd 2006). In artificial mud systems, no oxygen
is found at Eh<+100 mV (Hargrave 1972). Based on the classification by Ruppé and Barstad (2002),
Cai Nuoc shrimp pond sediment is highly reduced (Eh<-100 mV).

The experimental ponds and the control ponds showed opposite trends of sediment pH
between the samplings. Removing accumulated sediment, however, did not yield any effects on
sediment pH (Fig. 4). This is consistent with the finding by Yuvanatemiya and Boyd (2006).



Asian Fisheries Science 26 (2013): 128-141 138

Biological indices

The Two-way repeated measures ANOVA shows no interactions between “pond group” and
“sampling” on all of the biological indices (p>0.05) presented in 4 combinations (2 pond groups x 2
samplings) (Table 2). Removing pond sediment did not significantly affect the species richness,
diversity, and evenness of the aquatic community in Cai Nuoc shrimp ponds.

The macrozoobenthos community of Cai Nuoc improved extensive shrimp ponds is quite
poor compared to shrimp ponds elsewhere (Tho et al. 2012). In this experiment, macrozoobenthos
density ranged from 10-150 ind m-2 (11 species) and 0-320 ind m-2 (10 species), respectively at
sampling 1 and sampling 2. According to the classification by Whitton (1975), Cai Nuoc shrimp
ponds are polluted as shown by the low Shannon-Wiener index of macrozoobenthos (0-1.24). The
fact that macrozoobenthos community remained unchanged after sediment removal suggests that the
action has posed negligible impacts on the biodiversity of pond bottom.
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Table 2. Interactions between “pond group” and “sampling” on the biological indices of the aquatic community in Cai Nuoc improved extensive shrimp system.

1Exp-S1: Experimental ponds at sampling 1, 2Con-S1: control ponds at sampling 1, 3Exp-S2: Experimental ponds at sampling 2, 4Con-S2: control ponds at
sampling 2. H’: Shannon-Wiener index, N0: Hill’s index N0, N1: Hill’s index N1, N2: Hill’s index N2, J’: Pielou’s evenness index. For each of the indices,
mean±0.95 standard deviation are shown. No significant interactions between “pond group” and “sampling” on the indices were detected.

Index

Exp-S11 Con-S12 Exp-S23 Con-S24 Exp-S1 Con-S1 Exp-S2 Con-S2 Exp-S1 Con-S1 Exp-S2 Con-S2

N0 11±6.57 11.33±5.13 12.83±3.92 9.33±3.21 5.83±1.94 6.33±4.51 4.17±1.17 4.67±2.52 1.83±0.75 3.00±1.00 2.17±1.94 1.33±1.53

H' 1.20±0.63 1.21±0.51 1.10±0.49 0.80±0.28 1.14±0.17 0.97±0.92 1.19±0.29 1.27±0.55 0.50±0.40 0.89±0.19 0.50±0.52 0.48±0.67

N1 4.01±3.05 3.67±1.93 3.26±1.34 2.30±0.67 3.17±0.59 3.54±3.40 3.41±1.01 3.92±1.87 1.75±0.64 2.46±0.47 1.84±1.01 1.79±1.12

N2 3.28±2.54 3.05±1.77 2.56±1.13 1.79±0.64 2.36±0.62 2.70±2.48 2.93±0.83 3.44±1.42 1.73±0.61 2.20±0.21 1.70±0.91 1.67±0.94

J’ 0.51±0.15 0.52±0.22 0.44±0.20 0.37±0.14 0.67±0.11 0.52±0.27 0.85±0.08 0.91±0.04 0.63±0.49 0.86±0.12 0.45±0.48 0.43±0.61

F(1, 7)=.094, p=.768 F(1, 7)=.026, p=.876 F(1, 5)=.092, p=.773

F(1, 7)=.252, p=.631 F(1, 7)=3.594, p=.100 F(1, 5)=0.147, p=.717

F(1, 7)=.435, p=.530 F(1, 7)=.368, p=.563 F(1, 5)=.281, p=.619

F(1, 7)=.098, p=.764 F(1, 7)=.009, p=.925 F(1, 5)=.203, p=.671

Phytoplankton Zooplankton Zoobenthos

F(1, 7)=.424, p=.536 F(1, 7)=.000, p=1.000 F(1, 7)=3.111, p=.121
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Conclusion

Manually removing pond sediment in the wet season during shrimp production did not
substantially improve pond conditions of the improved extensive shrimp system. The shrimp ponds
were almost physico-chemically and biologically unaffected compared to the initial conditions. It is
therefore strongly recommended that farmers do not take the action under the defined conditions.

Acknowledgement

The authors would like to thank the staffs of HoChiMinh City Institute of Resources
Geography, Institute of Tropical Biology, and Southern Regional Hydro-Meteorology Center for
their valuable assistance during field work and lab analysis. Sincere thanks are also forwarded to the
Division of Agriculture and Rural Development of Cai Nuoc district and the local shrimp farmers
for their assistance and collaboration during the sampling period.

References

APHA. 1995. Standard methods for the examination of water and wastewater, 19th ed. American Public Health
Association, Washington D.C.

Avnimelech, Y. and G. Ritvo. 2003. Shrimp and fish pond soils: processes and management. Aquaculture 220:549–567.

Boyd, C.E. 1995. Bottom soils, sediment, and pond aquaculture. Department of Fisheries and Allied Aquacultures at
Auburn University, Alabama. Chapman and Hall, New York. 348 pp.

Brennan, D., H. Clayton and T.T. Be. 2000. Economic characteristics of extensive shrimp farms in the Mekong delta.
Aquaculture Economics and Management 4:127-139.

Brennan, D., N. Preston, H. Clayton and T.T. Be. 2002. An evaluation of rice-shrimp farming systems in the Mekong
Delta. Report prepared under the World Bank, NACA, WWF and FAO Consortium Program on shrimp farming
and the environment. Published by the Consortium, 10 pp.

DoA. 2009. Annual Report. Division of Agriculture and Rural Development of Cai Nuoc district. 24 pp.

Funge-Smith, S.J. and M.R.P. Briggs. 1998. Nutrient budgets in intensive shrimp ponds: implications for sustainability.
Aquaculture 164:117–133.

Hargrave, B.T. 1972. Oxidation-reduction potentials, oxygen concentrations and oxygen uptake of profundal sediments
in a eutrophic lake. OIKOS 23:167-177. Copenhagen.

Hens, L., N. Vromant, N. Tho and N.T. Hung. 2009. Salination of surface water, groundwater, and soils in the shrimp
farming areas of the coastal Cai Nuoc district, South Vietnam. International Journal of Environmental Studies
66:69-81.

Hill, M.O. 1973. Diversity and evenness: A unifying notation and its consequences. Ecology 54:427–432.



Asian Fisheries Science 26 (2013): 128-141141

Lat, U.W. 2002. Shrimp pond waste management. In: Aquaculture Asia 7 (3) (ed. S. Wilkinson), pp 11-16.

MPEDA/NACA. 2003. Shrimp Health Management Extension Manual. Prepared by the Network of Aquaculture
Centres in Asia-Pacific (NACA) and Marine Products Export Development Authority (MPEDA). Published by the
MPEDA, Cochin, India. 46 pp.

Munsiri, P., C.E. Boyd and B.F. Hajek. 1995. Physical and chemical characteristics of bottom soil profiles in ponds at
Auburn, Alabama, USA, and a proposed method for describing pond soil horizons. Journal of the World
Aquaculture Society 26:346–377.

Pielou, E.C. 1969. An introduction to mathematical ecology. Wiley-Interscience, New York. 286 pp.

Preston, N. and H. Clayton (eds). 2003. Rice-shrimp farming in the Mekong Delta: biophysical and socioeconomic
issues. ACIAR Technical Reports. No.52e, 170 pp.

Ruppé, C.V. and J.F. Barstad. 2002. International handbook of underwater archaeology. Kluwer Academic/Plenum
Publishers, New York. 894 pp.

Shannon, C.E. and W. Weaver. 1949. The mathematical theory of communication. The University of Illinois Press,
Urbana, Illinois. 144 pp.

Smith P.T. 1998. Effects of removing accumulated sediments on the bacteriology of ponds used to culture Penaeus

monodon. Asian Fisheries Science 10:355-370.

Tho, N. 2012. Characteristics and environmental aspects of the improved extensive shrimp system in Cai Nuoc district,
Mekong delta of Vietnam. PhD Thesis. Katholieke Universiteit Leuven, Belgium. 166 pp.

Tho, N., V.N. Ut and R. Merckx. 2011. Physico-chemical characteristics of the improved extensive shrimp farming
system in the Mekong Delta of Vietnam. Aquaculture Research 42:1600-1614.

Tho, N., R. Merckx and V.N. Ut. 2012. Biological characteristics of the improved extensive shrimp system in the
Mekong delta of Vietnam. Aquaculture Research 43:526–537.

Whitton, B.A. 1975. River ecology. University of California Press, California. 725 pp.

Wudtisin, I. 2005. Bottom soil quality in ponds for culture of catfish, freshwater prawn, and carp in Thailand.
Dissertation, Auburn University, Alabama. 100 pp.

Wudtisin, I. and C.E. Boyd. 2006. Physical and chemical characteristics of sediments in catfish, freshwater prawn and
carp ponds in Thailand. Aquaculture Research 37:1202-1214.

Yuvanatemiya, V. and C.E. Boyd. 2006. Physical and chemical changes in aquaculture pond bottom soil resulting from
sediment removal. Aquacultural Engineering 35:199-205.

Yuvanatemiya, V., C.E. Boyd and P. Thavipoke. 2011. Pond bottom management at commercial shrimp farms in
Chantaburi province, Thailand. Journal of the World Aquaculture Society 42:618-632.

Received: 18/06/2013; Accepted: 24/07/2013 (MS13-41).


