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Evaluation in a Shrimp Aquaculture System Using
Mangroves, Oysters, and Seaweed as Biofilters Based
on the Concentrations of Nutrients and Chlorophyll a
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Abstract

Water from shrimp aquaculture ponds was circulated through a mangrove woodlot, oyster beds, and
seaweed ponds in biofilter experiments designed to reduce environmental loads. Though the nutrient
concentrations in the shrimp culture ponds were lower than those in the other ponds in many cases, the
Chl. a concentration increased explosively in shrimp ponds and exceeded 160 pg/L. These results sug-
gested that nutrients were used for the growth of phytoplankton. The Chl. a concentration was very
low in the oyster pond, and it was suggested that oyster feed actively on phytoplankton. Ammonia was
always lower in the seaweed ponds than in the oyster ponds, which suggested that seaweed took up
ammonia. From the nitrogen budget, 27% of nitrogen in supplied feed was incorporated into shrimp,
32% was flowed to mangrove, oyster and seaweed ponds and removed with these biofilters, and 9%
was added in the aquaculture system as dissolved inorganic and particulate nitrogen. Therefore, this
aquaculture system using mangroves, oyster and seaweed as biofilters was thought to be effective to

reduce the environmental load.
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Introduction

In Southeast Asian countries, including Indonesia,
shrimp aquaculture has been performed actively to
acquire foreign currency. The coastal area, which
includes mangrove forests, has been destroyed to develop
aquaculture ponds®>. Moreover, effluent, which contains a
large quantity of nutrients as a result of feed and fertil-
izer, has been discharged from aquaculture ponds, result-
ing in environmental deterioration in the coastal waters.
In intensive marine shrimp culture, only 24% of the nitro-
gen and 13% of the phosphorus of the feed input was
incorporated into the shrimp harvested, while the remain-
der was retained in the ponds and ultimately exported to

the surrounding water'. The nutrient levels during har-
vest were exceeding or near the limitations recommended
by the U.S. Environment Protection Agency’. On the
other hand, tidal mangrove estuaries impacted on shrimp
pond effluent, have some capacity to process intermittent
inputs of pond-derived nutrients*'. Silvofisheries, or
aquasilviculture, in which low-density cultures are inte-
grated with mangroves, have been reviewed by
Primavera®, but the use of mangroves to process effluent
from shrimp aquaculture sources is still not generally
practiced’. In this research, water from shrimp ponds
was circulated through a mangrove woodlot, oyster beds,
and seaweed ponds in biofilter experiments designed to
reduce environmental loads. The effectiveness of this
aquaculture system was examined based on the concen-
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trations of nutrients and Chl. a.
Materials and methods

This experiment was conducted at the Maranak
experiment station, Research Institute for Coastal Fisher-
ies, South Sulawesi, Indonesia. The investigation site is
shown in Fig. 1. Water from 7 shrimp aquaculture ponds
was introduced into a mangrove (Rhizophora sp.) wood-
lot through canal 1. The mangrove stands consisted of
saplings aged O to 2 years planted in ponds at intervals of
40 cm. Although the mangrove woodlot was divided into

I I Well
— T T
+ O+ © ® @ ® ® Reservoir
(I 1 1 l (1
T \j - Y Y Y
+~ @
&/ ¢
10m
B 3 =+
Sampling points
L 3 4 (D: Oyster (Crassostrea iredalei) pond
(2): Seaweed (Gracillaria sp.) ponds
. .
L 5 4 (3): Shrimp (Penaeus monodon) ponds

(4): Canal 1
(®~(: Mangrove (Rhizophora sp.) ponds
l (8): Canal 2

River

Fig. 1. Schematic outline of shrimp aquaculture,
mangrove, oyster, and seaweed ponds used in the
experiments and sampling points

9 parts consisting of 3 divisions each of 5 x 5 m, 10 x 10
m, and 15 x 15 m, there were no differences in nutrients
or Chl. a concentrations among the mangrove ponds.
Therefore they were treated collectively. Water that had
passed through the mangrove woodlot was returned to the
shrimp aquaculture ponds via oyster (Crassostrea ireda-
lei) and seaweed (Gracillaria sp.) ponds. Thirty percent
of the water in the shrimp ponds was exchanged every 3
days. Water evaporation and seepage into the soil were
compensated for by supplying river or well water
depending on the salinity in the aquaculture ponds.
Shrimp aquaculture was intensively* carried out for about
3 months from August to November, 1999, at a density of
20 individuals/m? (Table 1).

Every 15 days, the water quality was investigated at
each site in the early morning before circulation. The
water temperature, salinity, and dissolved oxygen (DO)
were monitored with a TOA model WQC-20A water
quality checker. Water samples were collected using
plastic bottles installed at the edge of a stick. They were
immediately filtered through Whatman GF/F filters for
Chl. a and nutrients analyses. For Chl. ¢ analysis, the fil-
ters were soaked in N, N—dimethylformamide'z, and then
Chl. a was extracted in solvent and analyzed with a fluo-
rometer (Shimadzu RF-5300). The ammonia concentra-
tion in filtrate was measured immediately after filtration
using the Sasaki and Sawada’s method'®. Nitrate, nitrite,
phosphate, and silicate concentrations were measured by
the standard method’ using a spectrophotometer (Shi-
madzu UV-2400).

The experiment site was divided into 5 divisions:
shrimp aquaculture ponds, canal 1 from shrimp ponds to
mangrove ponds, mangrove ponds, canal 2 from man-
grove ponds to an oyster pond, and oyster + seaweed
ponds. Oyster and seaweed ponds were treated in a lump
because there was no partition board between both ponds
and water was able to move between both ponds at any
time. The amount of variation in nutrients and Chl. a in
each division was calculated every 3 days, as water was
circulated every 3 days, and the budget in each division
was estimated as follows:

Table 1. Outline of the shrimp culture indicated by the stocked larvae, days of culture, shrimp total weight,
number of individuals at harvest, amount of feed, and feed conversion ratio (FCR)

Stocked larvae Cultured days Harvest Survival rate Feed FCR
Individuals (kg) (day) Individuals (kg) (%) (kg)
70,000 15.05 92 36,754 622.6 52.51 950 1.56
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Cd,n* = (Cd,n-1xVtd,n-1+Cd,nxVd,n)/(Vtd,n-1+Vd,n)
B =X (Cd+ 3,n-Cd,n*) x Vd,n

Cd,n*: concentration in division n after water
exchange at d day
Cd,n: concentration in division n before water
exchange at d day
Vtd,n-1: volume of water transportation from divi-
sion n-1 to n at d day
Vd,n: volume of division n at d day
B: budget in each division

When the budget B is plus, the division is a source
of material, and, when the budget is minus, it is a sink.

To acquire the nitrogen and phosphorus budget in
this aquaculture system, the nitrogen content in shrimp
and feed was analyzed with an elemental analyzer
(FISONS EA-1108), and the phosphorus content was
analyzed by the modified method of Solérzano and
Sharp'’. Assuming that the Carbon:Chl. @ ratio was 50
and that the C:N:P ratio was 106:16:1 in phytoplankton®,
the particulate nitrogen and phosphorus concentrations in
water were estimated from the Chl. a concentration.

Evaluation in a Shrimp Aquaculture System Using Biofilters

Results and discussion

The water temperature ranged from 24.8 to 30.1°C.
Salinity fluctuated largely from 27.5 to 44.5 (psu). It was
high at the beginning of the experiment because of the
dry season, and well water was supplied to the oyster
pond. Dissolved oxygen ranged from 1.70 to 8.36 mg/L,
and it was always low at canal 1 and in the mangrove
ponds. It was assumed that oxygen was consumed, since
organic matter was decomposed there.

The ammonia concentration increased gradually in
the oyster pond and exceeded 100 uM once, and the sili-
cate concentration progressively increased as well (Fig.
2). Though well water was supplied to the oyster pond,
the ammonia and silicate concentrations in well water
were very high, about 200 pM and 130 pM, respec-
tively. Moreover, the Chl. a concentration was very low
(Fig. 3), which suggests that oysters feed actively on phy-
toplankton. Therefore, the increase in ammonia and sili-
cate concentrations in the oyster pond was attributed to
the supply from the well and/or excrement from the oys-
ters. Though the ammonia concentration in the oyster
pond and seaweed ponds was synchronized, it was
always low in the seaweed ponds, which suggests that
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Fig. 2. Concentrations of ammonia, nitrate, nitrite, phosphate, and silicate during the experimental period
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Fig. 3. Chlorophyll a concentration during the experiment

period

Since little amounts of
nitrate and nitrite were observed in the well water, they
might have been generated by nitrifying bacteria. The
phosphate concentration was about 0.7-0.8 uM in river

seaweed took up ammonia.

water, and it was assumed that the high initial concentra-
tion of phosphate was influenced by river water. Though
the nutrient concentrations in shrimp culture ponds were
lower than those in oyster and seaweed ponds in many
cases, the Chl. a concentration increased explosively in
shrimp ponds and exceeded 160 pg/L. The results, there-
fore, suggested that nutrients were used for the growth of
phytoplankton. A high Chl. a concentration was
observed in shrimp aquaculture ponds in Thailand and
Malaysia'”, which suggested that nitrogen and phospho-
rus were discharged into the environment in the form of
particulate organic matter rather than in the form of nutri-
ents. In mangrove ponds, water with low nutrients con-
centrations was supplied because nutrients were taken up
by phytoplankton in aquaculture ponds. Phytoplankton
sank in mangrove ponds because there was no water cir-
culation created by a paddlewheel, different from the case
in the aquaculture ponds. Therefore, Chl. a concentration
was comparatively low in mangrove ponds. Ammonia

Table 2. Nutrients and Chl. a budgets in each division

NH4 NO3 NO2 DIN PO4 Chl. a
keN)  (keN)  (keN)  (keN) (keP)  (keChl. a)

Canal 1 445 0.53 0.10 5.09 —-0.03 —-0.31

Mangrove 0.09 -0.31 —0.03 -0.25 —-0.01 -0.23

Canal 2 —0.46 0.01 —-0.01 —0.46 0.05 —-0.17

Oyster + Seaweed 5.52 1.97 0.36 7.85 -0.04 -0.33

Shrimp -8.90 -1.93 -0.43 -11.27 0.00 1.56

If the value is a plus, it indicates that the division is a source.

If the value is a minus, it indicates that the division is a sink.

Table 3. Parameters and results of nitrogen budget in this experiment

Supplied feed (Wet weight) 950.0 kg
Dry/wet weight ratio in feed 94.6%
Nitrogen/dry weight ratio in feed 7.3%
Harvest (Wet weight) 622.6 kg
Dry/wet weight ratio in prawn at the harvest 27.1%
Nitrogen/dry weight ratio in shrimp at harvest 10.8%
Initial weight of total shrimp 15.1 kg
Dry/wet weight ratio in shrimp at the start 22.6%
Nitrogen/dry weight ratio in shrimp at the start 9.8%
Sediment amount/feed ratio (modified Briggs & Funge-Smith') 32.0%
Increase in dissolved inorganic and particulate matter 5.6 kg
Remainder 21.0 kg
Area (Mangrove + Oyster + Seaweed ponds) 2,550 m?
Days 92 day

Removal rate

84.49 mg/m*/day
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and nitrate decreased in canal 2 compared with canal 1
and mangroves might remove nutrients or nutrients might
be taken up by phytoplankton since Chl. a concentration
was high in canal 2.

From the budgets of nutrients and Chl. @ in each
division (Table 2), dissolved inorganic nitrogen increased
in the canal 1 and oyster + seaweed ponds, while it
decreased in the shrimp ponds. Canal 1 was suggested as
the place where organic material was decomposed and
generation of nutrients were regenerated. As decomposi-
tion might be nearly in balance with the uptake by the
mangroves, there was little increase and decrease in the
mangrove ponds. Then the nutrients were taken up by
the phytoplankton in the shrimp culture ponds. The
nitrogen supply from the well water was larger in the oys-
ter + seaweed ponds. Phytoplankton proliferated in
aquaculture ponds and decreased in all the other ponds.
Therefore phytoplankton played an important role of
nutrients cycle in this aquaculture system. Though there
was no clear tendency in the phosphate, it was known
that phosphorus was desorbed from the sediment in the
culture pond’, and the amount of desorption in culture
ponds might be balanced with the uptake by the phy-
toplankton.

Ten thousand post larvae (PL-45) were stocked in
each shrimp pond, 950 kg of pelleted feed was supplied
to culture ponds, and 622.6 kg of shrimp was harvested
(Table 1). The feed conversion ratio (FCR) is usually
measured as the total feed input (kg)/total shrimp weight
gain (kg) and global average shrimp feed conversion ratio
was 2.0”. FCR in this study was 1.56 and not wrong.

From the budget (Table 3), 27% of nitrogen in sup-
plied feed (65.2 kgN) was incorporated into shrimp and
9% (5.6 kgN) was added with aquaculture system as dis-
solved inorganic and particulate nitrogen. With the
assumption that the sedimentary amount of feed was
32%', 32% was flowed to mangrove, oyster and seaweed
ponds and 21 kgN (89.5 mgN/m?*day) was removed by
biofilter (Table 3). Our results would be underestimated
because the ammonia supply from the well was not con-
sidered. Riviera-Monroy® indicated that the treatment
capacity in riverine forest mangroves was 113—122 mgN/
m?/day, and the results obtained in this study were com-
parable with theirs. Phosphorus increased by the effect
of desorption. However, phosphate concentration
decreased from the initial concentration. Therefore, this
aquaculture system was probably effective in reducing
the environmental load.

Evaluation in a Shrimp Aquaculture System Using Biofilters
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