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ABSTRACT

The tiger shrimp Penaeus monodon fabricius assumed a predator of meiofaunas (53–500mm) in addition
to the larger benthic macrofaunas (>1000mm) in the culture pond. The natural selection of benthic meiofaunas
as a food source by shrimps was indicated throughout the study period. Twenty species of benthic meiofaunas
were found in the culture ponds, which included harpacticoid copepoda, ostracoda, gastropoda, crustacean
nauplii, nematoda, bivalvia, polychaeta and insecta. No significant difference (ANOVA, p>0.05) was observed
for the quantitative results of the benthic meiofaunas between aged and new ponds sampled. Copepoda was
the dominant group throughout the culture period in both aged (19.99–44.22 indivi 10/cm2) and new ponds
(4.03–13.01 indivi/10cm2). This was followed by insecta (10.57–23.50 indivi/10cm2), polychaeta (6.89–15.31
indivi/10cm2) and nematoda (6.44–14.31 indivi/10cm2) in aged ponds. In new ponds, nematoda (2.61–2.73
indivi/10cm2) was found to be the second dominant species followed by insecta (0.54–0.56 indivi/10cm2). A
major trend of variation of total benthic meiofaunas was observed during the culture period leading speculations
that culture shrimps preyed them as a live or dead food together with supplemental diet and detritus. In
addition, soil organic matter, growth performance of shrimps and water quality data were also observed and
compared.
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Introduction

Benthic meiofaunas developed naturally in
aquaculture systems, where detritus is utilized as a
primary food source. Besides the trophic relationship
with microbes, they have important roles in pond
aquaculture, especially in regards to live food supply,
productivity of pond, shrimp growth, nutrient cycling
and water quality. The foregut analyses of many
commercially important shrimps have shown that
penaeid shrimps are omnivorous and benthic faunas
are dominant in their diet followed by detritus [1-5].

The harpacticoid copepods comprised a major item in
the diet of shrimps (15-19 mm in length) foraging
over the sand [6].

Previous studies revealed that the meiofaunal
organisms are essential to many commercial and/or
cultured species through their entire life stages.
Warwick [6] stated that almost all juvenile stages of
culture species fed on benthic meiofaunas while they
were available. Many literatures are available on the
descriptive and correlative studies of meiofaunas taxa
with environmental factors [7] and fundamentals of
feeding and mineralization [8]. However, the study 
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on meiofaunal predation and its compositional
abundance in the shrimp ponds throughout the culture
period is scarce. Therefore, this investigation was
conducted to further improve the understanding of
the omnipresence of meiofaunas in shrimp ponds and
its predation by shrimps throughout the culture cycle. 

Materials and methods

Culture ponds:

This study was conducted in LPP (Lembaga
Pertubuhan Peladang) shrimp farm in Malacca,
Malaysia, situated along the Straits of Malacca. Four
shrimp ponds were selected for this study, of which
two were 3 years old and considered as aged ponds
(4225 m2 each). Another two ponds were newly
constructed in 2002 by clearing mangroves and
considered as new ponds (4355 m2 pond 1and 3969
m2 pond 2). This study was conducted from
November 2001 to June 2002. 

Culture protocol:

The management of the ponds was conducted by
the LPP. The culture ponds were prepared by
draining and drying. Surface sludge was removed
manually by flashing with hosepipe in aged ponds.
Lime was applied at 4.75 t in each aged pond and
3.52 t in each new pond. Tea seed cake (TSC) was
used at 0.5 t in each new pond and no TSC was
applied in aged ponds. Initially, the ponds were
filter-pumped through a 400–500mm mesh net with
about 20.0–30.0 cm seawater from the reservoir and
kept for 1 week allowing phytoplankton to grow. The
water depth was then adjusted to 1 m prior to stock.
Stocking density was 19 PL15/m2 in each aged pond
and 26 PL15/m2 in each new pond. A set of four
paddlewheels was used at the whole culture period
(12 h/d) in both aged and new ponds. During the
culture period 50% of water was changed once in
aged ponds. However, in new ponds 50% of water
was changed three times through out the culture
period. The water was discharged through the cannel
to the adjacent water body and refilled through pump
from reservoir. Commercial shrimp grow out feed
(35-40% protein) was fed at the estimated rate of
10% of body weight/day for the first month and
4–6% for the rest of culture period. The quantity of
feed was estimated for each day by using a
calculated growth rate and assuming 100% survival
rate. Fed was applied through spreading by hand in
all over the pond. Feed consumption was monitored
throughout the culture period by using the feeding
trays.

Culture pond parameters:

In every three-week interval water quality
parameters were measured in situ in the field.

Dissolved oxygen (DO) was measured by DO meter
(YSI model 57). Water salinity and temperature were
detected by SCT meter (YS model 33). Water pH
was recorded by pH meter (EDT model FE 253).
Transparency of water was detected by Secchi disk
in nearest cm.  Live shrimp samples were collected
from each pond to observe the growth and weight
gained.

For organic matter, Ekman grab sampler
covering an area 225 cm2 was used to collect soil
samples. Three samples were collected in a diagonal
direction (corner to corner) from each pond by using
a small boat. Samples were brought back to
laboratory for further analysis within 2-4 hrs. In the
laboratory, soil samples were dried in room
temperature (27± 0.5) and grinned. Later on, it was
sieved through 200 mm mesh screen. Organic matter
of soil was detected by ignition method [9].

Collection of meiobenthos:

The composition and abundance of meiobenthos
was investigated at every three weeks interval. Three
samples were collected in a diagonal direction from
each pond using a small boat. Ekman grab sampler
covering an area 225 cm2 was used for meiobenthos
collection. Ekman grab sampler was brought down
into the sediment as slow as possible by using a long
bar instead of rope to avoid the disturbance of pond
bottom. Later, 2 cm tube core was used inside the
Ekman grab to collect meiobenthos (Prof. Dr.
Yoshihisa Shirayama, University of Tokyo, personal
communication). All samples were preserved
immediately with 10% buffered formalin mixed with
rose bengal. In the laboratory, samples were sieved
through 53mm mesh screen. The organisms were
counted and calculated for total amount in 10 cm2.

Results and discussion

Salinity ranged from 17.03–26.00/00 and
17.67–26.830/00 in new ponds and aged ponds,
respectively (Table 1). The temperature ranged
26.0–32.50°C for all ponds. No significant
differences (ANOVA, p>0.05) of salinity and
temperature were found between the ponds during the
culture period. Salinity and temperature are important
ecological parameters, which need to be carefully
maintained for shrimp culture. Temperature may
affects on the solubility of oxygen in pond water and
metabolism of the shrimps. Temperature below 24°C
has shown to lower food intake for P. monodon [10]
and 25-30°C considers optimum for shrimp culture
(Unnithan 1985). However, the salinity range from
10–250/00 was recommended for P. monodon [11].
This statement was found to be consistent with the
results obtained in this study.

Dissolved oxygen (DO) values ranged from
7.90–9.85 mg/l in new ponds, and 8.52–10.15 mg/l
in aged ponds. Dissolved oxygen is the most water
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critical quality variable in aquaculture. Banerjee [12]
reported that 4 – 8 mg/l DO was most suitable for P.
monodon culture. Furthermore, Apud et al. [13]
suggested that 3–4 mg/l DO content as minimum
acceptable range for shrimp culture and below 2 mg/l
mortality occurs. In the present investigation DO
value was higher than the acceptable level for shrimp
growth. Water transparency decreased with the
culture duration in all ponds. Transparency ranged
25.0–76.17 cm for new ponds and 21.0–70.0 cm for
aged ponds. No significant differences (ANOVA,
p>0.05) of water DO and transparency were found
among the new and aged ponds. The transparency in
pond water depends on the water quality and
turbidity of the supplied water. Previous study
suggested that 25–60 cm of water transparency was
acceptable for shrimp culture ponds and ideal range
was 30–40 cm [14]. Other workers reported that the
suitable range to be 26–54 cm [15]) and 10–56 cm
[16]. However, ponds used in the present study were
therefore suitable for shrimp culture.

The higher amount of soil organic matter was
found to be 9.90% of dry weight, while the lowest
value was 4.17 % of dry weight. The higher in
percent of organic matter was found in aged ponds
compared with the new ponds (ANOVA, p>0.05).
This may be due to the deposition of organic and
suspended matter during the previous culture period,
which probably could not be able to remove
completely by flashing of pond bottom before start
the culture. The organic matter is an important
component of sediment that could support the food
web of culture ponds and increase the fertility of
pond ecosystem followed by shrimp growth. The
amount of organic matter in the present study was
higher than those reported studies [17-19].  

In growth performance data shows that aged
ponds were achieved more weight gain compared to
the new ponds even though the same PL (post
larvae) size were stocked before start the culture
(Figure 1). The different stocking density or high
natural food organisms and/or organic matter in the
ponds probably an important reason behind it. The
growth rates of P. monodon in culture system were
known to be varied and depended on stocking rate
and prevailing environmental condition [20]. Hepher
[21] reported that the natural forage organisms
contain a high proportion of protein, with most
averaging 50–60% protein on dry matter basis.
However, Boyd [9] also stated that the detritus in the
ponds provide essential food value such as cellulose,
lignin, protein, starch, fats, waxes and oils for shrimp
growth.

Twenty species of benthic meiofaunas namely
harpacticoid copepoda, ostracoda, gastropoda,
crustacean nauplii, nematoda, bivalvia, polychaeta
and insecta were found in the present investigated
ponds (Table 2). Copepoda was found to be the
dominant group in both aged (19.99–44.22
indivi/10cm2; 44.21–73.36%) and new ponds

(4.03–13.01 indivi/10cm2; 51.97-78.94%) followed by
insecta (10.57–23.50 indivi/10cm2; 10.38-23.51%),
polychaeta (6.89–15.31 indivi/10cm2; 2.70–9.25%)
and nematoda (6.44–14.31 indivi/10cm2; 1.72–5.88%)
in aged pond throughout the culture period (Fig.2). In
new ponds, nematoda was the second dominant
group (2.61–2.73 indivi/10cm2; 16.57–33.68%)
followed by insecta (0.54–0.56 indivi/10cm2;
3.34–7.21%). Copepoda, polychaeta and nematoda
were found throughout the culture period in aged
ponds while copepoda and nematoda were dominant
in new ponds. In contrast, the abundance of
copepoda, polychaeta and insecta appeared to be
most impacted by the predation of shrimps in all
ponds even though they found to be existed
throughout the culture period. This may indicate that
the adult shrimps were unable to utilize or prey
meiofaunas properly as a live food due to its smaller
size (53–500 mm).

Crustacean nauplii was found not to be able to
grow after 49 days of culture, probably due to
predation pressure by shrimps or the deterioration of
pond bottom did not support its existent. Gastropoda
larvae (53–500 mm) was appeared in the ponds at ³
28 days of culture period and exists till end of
culture period in aged ponds, whereas, it was not
significant in new ponds. Marked distinction was
observed in the meiofaunal community structures in
both new and aged ponds. This phenomenon was
probably due to abundance of meiofauna at the
beginning of culture period and different intensities
of predation by shrimps. Bell and Coull (1978)
showed that the grass shrimp Palaemonetes pugio
was fed on meiofaunas, causing a marked reduction
of numbers in a salt marsh habitat. Moriarty et al.
[22], observed that benthic polychaeta was almost
absent in P. monodon culture ponds as polychaeta
were larger in size compare to copepoda and
nematoda. They also mentioned that the shrimps
would gain more energy per unit effort expanded by
feeding on polychaeta, and the polychaeta quickly
increased while small portion of pond enclosed by
pens and shrimps excluded. But, other meiofaunal
status did not include in this study.

The total meiobenthos abundance in both ponds
was decreased gradually with culture duration (Fig.
3), perhaps the predation by shrimps on benthic
faunas as live food along with artificial diets and
detritus which resulting in depletion of benthic
abundance. However, it was found that the selection
of food preference of P. monodon depended on the
availability of food items in the ponds.
Comparatively, higher percent of food items was
found in the foregut of the shrimps those collected
from aged ponds since it was found to be higher
number of benthic organisms than new ponds (Abu
Hena unpublished data). Shishehchian and Yusoff
[23] observed a negative correlation between the gut
content and the abundance of macrobenthos in
shrimp ponds. Furthermore, decreased of total benthic
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organisms density was also observed by Tidwell et
al. [24], in ponds in which shrimps were fed
supplemental diets. Besides, numerous researchers
reported that the diet of Penaeus species consists of
macro and meiofauna in marine and brackish open
water habitats [4,25]. Moriarty [26] observed in pen
experiment that the meiofaunal abundance especially
polychaeta decreased when shrimps added. Compared
with the reported studies [5,21] this study concluded
that some of the benthic meiofaunas such polychaeta
decreased with the culture period probably due to
predation of shrimps. On the other hand, the
reduction may be due to pond bottom deterioration
through buildup of uneaten feed, feces and toxic
gases, which needs further study for other
meiofaunas together with their essential food value
and biochemical compositions.
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Table 1: Water quality data and soil organic matter of different culture ponds throughout the study period. Means in a row with different
letters are significant different (p < 0.05).

Parameters New ponds Aged ponds
Mean ± SE Range Mean ± SE Range

Salinity (0/00) 22.58± 2.36a 17.03 – 26.00 21.57±2.93a 17.67-26.83
Dissolved oxygen (mg l-1) 8.76±0.58a 7.90 - 9.85 9.18±0.55a 8.52-10.15
Temperature (°C) 30.38±1.38a 28.03 -32.50 28.81±1.56a 26.00-31.73
Water pH 8.28±0.17a 8.01 - 8.53 8.01±0.14a 7.73-8.27
Transparency (cm) 36.48±12.14a 25.0 - 76.17 39.34±19.69a 21.0-70.00
Soil organic matter (% dry wt) 7.38±0.79a 4.17 - 9.27 7.40±0.97a 4.93-9.90

Table 2: Species composition of meiobenthos from different shrimp culture ponds
Major Groups New ponds Aged ponds
Crustacea
Copepoda Tisbe sp. Tisbe sp.

Euterpina acutifrons Euterpina acutifrons
Tegastes sp. Tegastes sp.
Nitokra affinis Nitokra affinis

Annelida
Polychaeta Capitellidae sp. Capitellidae spp.

Syllidae (F) Nerillidae (F)
Mollusca
Gastropoda Certhidae larvae Certhidae larvae

Salinator larave Salinator larvae
Bivalvia ND Gelonia larvae
Insecta Cricotopus sp. Sminthurus sp.

Cricotopus sp.
Aquatic Bugs (F: Pentatomidae)
Parasitic mites (F: Hydrachnellidae)
Puparium sp (F: Stratiomyiidae)

Nematoda Spirina sp. Spirina sp.
Halalaimus sp. Halalaimus sp.
Sabateria sp. Sabateria sp.

Fig. 1: Growth of P. monodon through out the culture period in different ponds
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Fig. 2: Percentage of meiobenthos throughout the culture period A: New ponds, B: Aged ponds.
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Fig. 3: Abundance of meiobenthos in different ponds throughout the culture period A: New ponds, B: Aged
ponds
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