BIODIVERSITAS
Volume 21, Number 10, October 2020
Pages: 4695-4701

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d211031

The effectiveness of silvofishery system in water treatment in intensive
whiteleg shrimp (Litopenaeus vannamei) ponds, Probolinggo District,
East Java, Indonesia

MUHAMMAD MUSAY2* EVELLIN DEWI LUSIANAY2 NANIK RETNO BUWONO? SULASTRI ARSAD'?,
MOHAMMAD MAHMUDI*?
1Department of Aquatic Resource Management, Faculty of Fisheries and Marine Science, Universitas Brawijaya. JI. Veteran, Malang 65145, East Java,
Indonesia. Tel./fax.: +62-341-553512, Yemail: musa_fpi@ub.ac.id
2AquaRES Research Group, Faculty of Fisheries and Marine Science, Universitas Brawijaya. JI. Veteran, Malang 65145, East Java, Indonesia

Manuscript received: 13 July 2020. Revision accepted: 21 September 2020.

Abstract. Musa M, Lusiana ED, Buwono NR, Arsad S, Mahmudi M. 2020. The effectiveness of silvofishery system in water treatment in
intensive whiteleg shrimp (Litopenaeus vannamei) ponds, Probolinggo District, East Java Indonesia. Biodiversitas 21: 4695-4701.
Whiteleg shrimp (Litopenaeus vannamei) is a popular aquaculture species in Indonesia due to its high market demand. It requires
excellent water quality to ensure its growth rate and production. Therefore, intensive culture system is considered. However, the system
threatens the sustainability of the adjacent environment and thus proper water treatment is necessary to increase the quality of water
used in shrimp farming as well as the wastewater it produces. In this study, we explored the use of a silvofishery system that integrates
mangroves into a pond as a potential solution to this issue. This study aimed to assess the effectiveness of the silvofishery system at
treating water inputs and effluents of a whiteleg shrimp pond in Probolinggo District, East Java, Indonesia. Eight physicochemical water
quality parameters and a phytoplankton community at four sampling sites during neap tide period were examined in this study. The
effectiveness of the silvofishery system in increasing water quality was analyzed using analysis of variance (ANOVA), while the
diversity of phytoplankton for biomonitoring was measured with the Shannon-Wiener diversity index (H’). The results showed that the
mangrove effectively increased the quality of the water supply and wastewater in the intensive whiteleg shrimp pond-especially in terms
of nutrient removal-as well as the biodiversity of its phytoplankton community. Other parameters such as TOM and ammonia also decreased,

though this was not statistically proven.
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INTRODUCTION

Whiteleg shrimp (Litopenaeus vannamei) is a prime
aquaculture commodity in Indonesia and a major
contributor to export earnings along with oil and gas
(Sitompul et al. 2018). Compared to other aquaculture
biotas, whiteleg shrimp have numerous advantages, such as
high market demand, short culture period, high growth rate,
and high tolerance to environmental changes (Thakur et al.
2018; Venkateswarlu et al. 2019). However, the success of
whiteleg shrimp cultivation still depends heavily on water
quality (Nguyen et al. 2019). Water quality plays an
important role in increasing the productivity of the pond,
and high-quality water provides a balanced and healthy
environment for cultured biotas (Ferreira et al. 2011).
Moreover, proper water quality management serves to
reduce stresses on shrimp that can expose them to various
diseases (Samadan et al. 2018). However, water supplies
for whiteleg shrimp cultivation are prone to pollution from
uncontrolled waste from various anthropogenic activities
(Nguyen and Ford 2010). Therefore, the water supply
needs to be treated to meet shrimp farming standards
(Setiadi and Setijaningsih 2011).

There are three types of culture systems-traditional,
semi-intensive, and intensive-that can be used for whiteleg

shrimp cultivation (Krummenauer et al. 2011). The
differences between these methods lie in several aspects,
including the type of pond, size of the pond, size of the
venture capital, stocking density, type of feed, water
management, and applied technology (Lépez 2011). A
traditional cultivation system is the simplest type of system
and is characterized by low stocking densities, natural food
feeding, relatively small business capital, and cultivation
activities that are more dependent on natural conditions
(Anras et al. 2010). Semi-intensive and intensive methods
are characterized by high stocking densities, a combination
of natural and artificial feeds, the presence of periodic
water quality measurements, and greater business capital
(Oddsson 2020). In response to the high demand for
whiteleg shrimp, many farmers have implemented
intensive systems because they can significantly increase
shrimp production (Nguyen et al. 2020).

The application of an intensive system in aquaculture
can threaten the sustainability of the adjacent environment
and the business itself (Na-nakorn et al. 2017). Effluents
from an intensive pond are rich in organic materials and
chemical compounds as a result of artificial feed usage and
shrimp defecation, which can potentially pollute adjacent
bodies of water (Barraza-Guardado et al. 2013), increase
nutrient enrichment in the water, and trigger algal blooms
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that are harmful to other aquatic organisms (Herbeck et al.
2013). A silvofishery system can be used to treat water in
an intensive pond. This system integrates a pond with
mangrove trees in order to produce economic benefits from
aquaculture activities and environmental sustainability
(Sari et al. 2014). The presence of mangroves in the pond
area is expected to improve water quality because
mangroves can absorb organic materials resulting from
anthropogenic activities (De-Leon-Herrera et al. 2015).
Many reports have demonstrated the uptake of these
materials by mangrove trees. Microbial activity in the
mangrove sediments also plays a major role in removing
organic matter and nutrients from wastewater (Ouyang and
Guo 2016; Tian et al. 2018).

This study aims to assess the effectiveness of
silvofishery systems in increasing the quality of water used
in shrimp farming as well as the wastewater it produces.
While the use of mangroves in wastewater treatment is
common, their ability to improve water inputs for
aquaculture has been less frequently investigated. Thus,
this research could potentially double the known benefits of
silvofishery systems.

MATERIALS AND METHODS

Study area

This research was conducted at whiteleg shrimp ponds
in the Brackish and Marine Water Laboratory of Brawijaya
University, that located in the coastal zone of Probolinggo
District, East Java Indonesia and is surrounded by
mangrove forests (Figure 1). The silvofishery system was
applied to the aquaculture process for water treatment.
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Four sampling sites were used in this study (Figure 1).
Site 1 is a water inlet from the river to the mangroves,
while Site 2 is a water inlet from the mangroves to the
pond. Site 3 is a water outlet from the pond to the
mangroves, which contains waste materials, and Site 4 is a
water outlet from the mangroves to the river and adjacent
water.

The tidal type in Probolinggo coastal waters is mixed
tide prevailing semidiurnal. Sampling was thus conducted
during neap tide from September to November 2018, as in
this period the water movements are relatively constant.
Researchers sampled these waters every two weeks for a
total of seven replications.

Sample collection

At each sampling site, we observed the following water
quality parameters: temperature (°C), pH, salinity (%),
dissolved oxygen (DO, in mg.L? unit), nitrate (mg.L™?),
orthophosphate (mg.L?), and ammonia (mg.L?). These
parameters were measured in situ using a thermometer
(temperature), pH meter (pH), refractometer (salinity), DO-
meter (DO), and test kits (nitrate, orthophosphate, and
ammonia). Water samples for ex-situ observation was done
using plankton net size with pore size of 30 um. Then, they
were filtered into bottles (volume 30 ml) and added with 2-
3 drops of 4% formalin. Phytoplankton abundance was
calculated by using Lackey’s drop approach, while the
identification of this biota was based on Prescott’s book on
algae identification (Jannah et al. 2012) and the World
Register of Marine Species (http://www.marinespecies.org)
(Mahmudi et al. 2020).
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Figure 1. Research area and sampling sites in Brackish and Marine Water Laboratory of Brawijaya University, at Probolinggo District,

East Java, Indonesia
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Data analysis

The effectiveness of the silvofishery system in treating
water entering and leaving the intensive pond was analyzed
through repeated measurement analysis of variance
(ANOVA) because the samples were taken in the same
sampling sites but in different time intervals. We also used
post-hoc multiple comparison (Tukey) tests for each water
quality parameter. We measured the contribution of the
mangrove area in treating water from the river by
comparing the conditions of the water in Site 1 and Site 2.
Meanwhile, the wastewater conditions discharged into
adjacent systems from Site 4 was compared with the water
quality in Site 3. The biodiversity of the phytoplankton
community was calculated using the Shannon-Wiener (H”)
diversity index. These data analyses and calculations were
performed using R software.

RESULTS AND DISCUSSION

Physicochemical water quality parameters

The results of physicochemical water quality factor
analysis in the intensive pond observed in this study are
presented in Figure 2. This figure demonstrates that the
water temperature was relatively constant across all sites at
around 30°C, and salinity was 20 %. Meanwhile, pH and
DO values were below 8 and 7.5 mg.L?, respectively.
These parameters displayed their highest values at Site 1
and lowest at Site 4 (the effluent), except for the salinity in
Site 2. The appropriate temperature for white leg shrimp
farming is considered to be within the range of 24 to 32°C.
Lower temperatures may decrease the growth potential of
the shrimp (Maica et al. 2014). Moreover, previous studies
have revealed that shrimp exhibit their highest food
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consumption rates at 35°C (Ravuru and Mude 2014).
Meanwhile, salinity fluctuation in intensive culture may
lead to major stress, slow growth, and low survival rates of
whiteleg shrimp (Gao et al. 2016). A salinity of 20 %y is
recommended for optimum growth and survival rates (Su et
al. 2010).

Additionally, the suitable pH range for shrimp
cultivation lies between 7.5 and 8.5 (Kasnir 2014; Chatla et
al. 2017). In aquatic environments such as shrimp ponds,
pH value is determined by processes of photosynthesis and
respiration. The removal of carbon dioxide through
photosynthetic ~ processes  decreases carbonic  acid
concentrations, which results in pH increases, while carbon
dioxide released by shrimp during respiration is utilized by
phytoplankton for their photosynthetic processes, which
create oxygen as a by-product (Shaari et al. 2011).
Maintaining dissolved oxygen levels in shrimp ponds is
important for shrimp growth and survival. Some studies
have found that dissolved oxygen (DO) plays an important
role in improving water quality (Boyd 2017; Rahmawati et
al. 2020). Notably, the standard minimum for optimal
shrimp growth and survival is 3 mg.L™? (Widanarni et al.
2010).

This study found that the ammonia concentration in the
shrimp ponds was between 0.02 and 0.03 mg.L?, while
TOM was below 15 mg.L™ . Ammonia is a toxic form of
inorganic nitrogen that is produced in ponds. It originates
from the mineralization of organic matter by heterotrophic
bacteria. Most aquatic organisms also create it as a by-
product of nitrogen metabolism (Cheng et al. 2017).
Concentrations of ammonia in unpolluted water should be
under 0.2 mg.L™ to ensure the healthy growth of fish (Lu et
al. 2016).
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Figure 2. Measurement result of physicochemical water quality parameter
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Nitrate and orthophosphate are major components for
primary productivity in an aquatic environment. In an
intensive pond system, both compounds are increased by
the use of commercial feeds, as natural food production is
limited (Dauda et al. 2019). Shrimp farmers impose feed
onto their shrimp in a targeted response to shorter harvest
periods. This can cause overfeeding and water pollution
(Chaikaew et al. 2019). Nutrient concentrations in this
study ranged from 0.20 to 1.25 mg.L™ for nitrate and 0.01
to 0.08 mg.L* for orthophosphate.

Diversity and structure of phytoplankton community

The following Figure 3 depicts the phytoplankton
abundance as well as the diversity index (H’) in each site.
Meanwhile, Table 1 exhibits the composition of
phytoplankton genera in the studied site.

A total of 32 genera were identified, dominated by
genera from the Chrysophyta and Cyanophyta divisions.
Site 1 demonstrated the smallest biomass and number of
genera but interestingly possessed the highest diversity
index. It is because the abundance of each division was
relatively equal (Hamilton 2005). Site 2, which contained
water used for shrimp cultivation, showed a higher
abundance of phytoplankton than Site 1. Moreover, the
phytoplankton number of genera in Site 2 was higher than
in Site 1, with genera from the divisions Chlorophyta
(Eucapsis) and Chrysophyta (Tetraedriella, Cymbella,
Cyclotella, Coconeis) present. The abundance of
phytoplankton then decreased in Site 3, which had the
lowest diversity index. Meanwhile, Site 4 had the largest
phytoplankton biomass and displayed a similar diversity
index value to Site 2.

Many previous studies have suggested that mangrove
ecosystems are rich in nutrients and thus contribute to the
assemblage of phytoplankton along with  other
physicochemical parameters (Saifullah et al. 2016; Inyang
and Wang 2020). This study showed an association
between high nutrient concentration and low phytoplankton
biomass in Sites 1 and 3. This issue might be a result of
other physicochemical parameters such as water
transparency, which was not measured in this study.
Mangroves also act as sinks for pollutants and traps for
land-originated litter (Maiti and Chowdhury 2013; Martin
et al. 2019). Hence, they can raise water transparency
levels and support phytoplankton production (Dembowska
et al. 2018).

Site 3, which contained wastewater from shrimp
cultivation, displayed the lowest diversity index. This
indicates high levels of pollution in this site that upsets the
ecosystem’s balance (Inyang and Wang 2020). As a result,
the pollutants give rise to the dominance of a specific
organism (Al-Hashmi et al. 2013). The existence of
mangrove trees in Site 4 successfully increased the
diversity of phytoplankton genera as well as their
abundance.

Effectiveness of silvofishery system

The following Figure 4 depicts the results of ANOVA
for physicochemical equality across the sites, which are
described in box plots.
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Table 1. Phytoplankton community structure at intensive whiteleg
shrimp ponds in Probolinggo District, East Java, Indonesia

Division, Genus Sitel Site2 Site3 Site4

Chlorophyta
Ankistrodesmus
Chlorella
Chlorogonium
Cosmarium
Dysmorphococcus
Eucapsis
Kirchneriella
Pediastrum
Polytoma
Scenedesmus
Schroederia
Staurastrum - -
Tribonema - -
Triploceras
Ulothrix + +

+ ++ 0 + 0 + + 0+ +
+ + + 0 o+ + + + 0+ o+

L T e I o
+ ++ ++ + + + 0 + +

+ + + + + + +

+ + +

Chrysophyta
Amphora +
Chlorobotrys +
Coconeis
Cyclotella -
Cymbella -
Navicula +
Nitzschia +
Surirella +
Tetraedriella -

+ + + + + + + + +
+ + + + + + +
' '

+ + + +

Euglenophyta
Euglena +
Trachelomonas + + + +

+
+
+
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Figure 3. The abundance of phytoplankton and the diversity
index (H’)
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Figure 4. Box-plot (ANOVA) of physicochemical water quality equality across sites

Nutrient concentrations (nitrate and phosphate) were
significantly different across sites. The Tukey test revealed
that nitrate concentrations in Site 1 and Site 2 were equal
but were different from Site 3 and Site 4. Additionally, the
phosphate comparisons from Site 1 to Site 2 and Site 3 to
Site 4 were statistically different as well. Meanwhile, any
box plots that contain a single color indicate that there was
not sufficient evidence to conclude physicochemical
parameters between sites were different. This study
demonstrated no significant difference across all sites in
terms of temperature, pH, salinity, DO, and ammonia.
However, Figure 3 shows that Site 2 and Site 4 displayed
notably lower concentrations of ammonia and TOM than
Site 1 and Site 3.

Ammonia accumulation in aquaculture may create toxic
environments for cultured shrimp. Moreover, high
concentrations of ammonia can lead to survival rate
reduction (Hu et al. 2012). On the other hand, organic
matter may damage aquatic ecosystems because it can
create nutrient enrichment that causes algal blooms or
eutrophication (Anderson et al. 2012) that can harm
environments and threaten other aquatic organisms as well
as human health (Berdalet et al. 2015). Therefore, the
silvofishery system used in this study was proven to be
effective in preventing nutrient enrichment as well as
reducing ammonia in cultured ponds and wastewater.
Mangroves provide sinks for inorganic and organic
nutrients, which can mitigate anthropogenic pollution,
control the production in adjacent systems, and ultimately
prevent eutrophication (Kaiser et al. 2015).

Finally, the integration of mangroves and aquaculture
ponds, known as a silvofishery system, can be used to treat
water in an intensive whiteleg shrimp farming system. The

application of this system in a shrimp pond in Probolinggo
District, East Java, Indonesia revealed that the presence of
mangroves was effective at raising the phytoplankton
diversity index and quality of water in shrimp farming as
well as the wastewater discharged into adjacent waters.
Nutrient concentrations were significantly reduced in this
system. Other parameters such as TOM and ammonia also
decreased, though this was not statistically proven.
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