The application of groundwater availability and
quality indices on the pre-selection of sustainable
Whiteleg shrimp (Litopenaeus vannamei) ponds

in the sandy coastal area of Bantul, Indonesia
1Susilo B. Priyono, 'Rustadi, 1Triyanto, 2Sudarmadji

1 Department of Fisheries, Faculty of Agriculture, Gadjah Mada University, ]I Flora,
Bulaksumur, Yogyakarta, Indonesia; 2 Department of Environmental Geography, Faculty
of Geography, Gadjah Mada University, Sekip Utara, Bulaksumur, Yogyakarta, Indonesia.
Corresponding author: S. B. Priyono, sbpriyono@ugm.ac.id

Abstract. Improved efficiency in water use is one of the main priorities of the sustainable intensification
of aquaculture. This study aims to investigate groundwater suitability in a sandy coastal area, in Bantul,
to develop sustainable whiteleg shrimp (Litopenaeus vannamei) ponds in pre-selection. The groundwater
suitability was evaluated by using the Groundwater Availability Index (GWAI) and Groundwater Quality
Index (GWQI). GWAI was used to determine a ratio between the demand and the safe yield of
groundwater. GWQI used to analyze groundwater quality consisted in the determination of physico-
chemical parameters (salinity, temperature, turbidity, total suspended solids, pH, dissolved oxygen,
BOD-5, ammonia, phosphate and organic matter) and a biological parameter (total Vibrio). The result
shows that GWAI ranges from 240 to 428, indicating that the groundwater is under the “very critical”
condition and its use has faced overexploitation. However, the GWQI ranges from 65.96 to 98.37,
explaining that the groundwater quality is good for shrimp farming. Based on these two indices, it is
concluded that groundwater in this area is not suitable for the development of shrimp ponds. The next
step in the site selection of shrimp ponds can be continued, but focused on regulating shrimp ponds
under the physical and production carrying capacity.
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Introduction. Within the last decade, shrimp farming has been the fastest growing
sector in the agri-food sectors (Henriksson et al 2018; Joffre et al 2018). Since 2014,
Indonesia, along with China, Vietnam and India, has been the biggest producer of shrimp
in the world (FAO 2018). This business has positive impacts and multiplier effects in
society through its role in supplying food, employment, local income and national foreign
exchange (Klinger & Naylor 2012; Phillips et al 2016). Nevertheless, uncontrollable
expansion and intensification of shrimp farming have brought negative impacts on
society, economy and environment (Islam & Tabeta 2016; Phillips et al 2016). Learning
from this experience, the development of shrimp farming in the future should be
improved through sustainable intensification (Ahmed & Thompson 2017; Henriksson et al
2018; Little et al 2018). It can be achieved by improved governance and management
practices (FAO 2016) and the adoption of innovative technology (Joffre et al 2018).
Related to the technology innovation, Indonesia has developed intensive shrimp
farming in the sandy coastal area by using biocrete or polyethylene plastic as pond liners
(Triyatmo et al 2016; Triyatmo et al 2018). These ponds are called “on-sand shrimp
ponds” or “lining shrimp ponds”. From an environmental aspect, the development of the
on-sand shrimp ponds can improve the efficiency and effectiveness of the marginal land
of a sandy coastal area, and at the same time can avoid the destruction of mangrove
forests, estuarine and the other intertidal ecosystems. On-sand shrimp ponds are also
proven to generate high production and productivity (Priyono et al 2005). Located on the
southern coast of Java, Bantul is well-known as the pioneer of on-sand shrimp ponds and
recently became the center of Indonesian shrimp production (MMAF 2016). Currently, the
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farmed shrimp farmed is whiteleg shrimp (Litopenaeus vannamei) (Triyatmo et al 2016;
Djumanto et al 2016; Samadan et al 2018; Triyatmo et al 2018). The need for brackish
water for shrimp is fulfilled by pumping groundwater in the coastal area (Triyatmo et al
2016; Triyatmo et al 2018).

In order to achieve environmental sustainability, the development of on-sand
shrimp ponds have to consider the carrying capacity, including an efficient use of water
as part of the physical carrying capacity (Ross et al 2013). This is also the main priority
in the sustainable intensification of aquaculture (FAO 2016; Ahmed & Thompson 2017).
Challenges exist, since intensive shrimp farming tends to use a lot of water (Verdegem &
Bosma 2009; Bosma & Verdegem 2011). Therefore, a comprehensive evaluation of the
availability and quality of water is needed in developing sustainable shrimp farming. This
should be done in the pre-selection stage or before the site selection for shrimp ponds
(Beltrame et al 2006; Ferreira et al 2011).

Within the last decade, the evaluation of water availability has been carried out by
using the water availability index (WAI). The first WAI was introduced by Meigh et al
(1999), and was defined as the ratio between the yield and total water demand. In
another study, Mohammed & Ghazali (2009) used WAI based on the ratio between
demand and yield. In the scientific literature, the term “water availability” is frequently
defined as water scarcity, water stress or critical water. In the context of aquaculture,
there are few studies on this subject, because there is an assumption that the supply of
existing water resources is still able to meet water uses. As a result, recent studies only
measure water use in aquaculture, without analyzing its availability (Verdegem & Bosma
2009; Sharma et al 2013). To accommodate the two variables, Muis et al (2017) have
attempted to evaluate the water uses and their availability within aquaculture. However,
the study is perceived as less comprehensive, since the non-aquaculture water uses are
not calculated.

An evaluation of water quality has also been carried out by using the water quality
index (WQI). WQI is a single value that expresses water quality by aggregating physical,
chemical and biological parameters in a mathematical approach (Saeedi et al 2010; Lumb
et al 2011). However, to date, the use of WQI in aquaculture is limited only to surface
water (Beltrame et al 2006; Ferreira et al 2011; Simoes et al 2008; Ma et al 2013; Tallar
& Suen 2016; Mohanty et al 2018). On the other hand, the use of WQI for groundwater is
commonly focusing on the need for drinking (Vasanthavigar et al 2010; Rajanankar et al
2011; Kumar & James 2013).

This study aims to investigate the suitability of groundwater in the Bantul sandy
coastal area, for developing sustainable whiteleg shrimp ponds in pre-selection by using
the Groundwater Availability Index (GWAI) and the Groundwater Quality Index (GWQI).

Material and Method

Study area. This research was conducted in the sandy coastal area of Bantul, which is
located in the south of Java. The study covered land areas with a distance of 1 km from
the coastline, in the south directly adjacent to the Indian Ocean and in the west and east
bordered by the Progo River and the Opak River, respectively. In the north it is bordered
by agricultural land and settlements. The allocation of whiteleg shrimp ponds in Bantul
was divided into three development areas, namely western, central and eastern regions
(Figure 1). The area dominated by sand dunes (Triyatmo et al 2018), with a sand content
ranging from 81 to 95% (Priyono et al 2005).

Data collection. The availability of groundwater was estimated through the water stored
in the aquifer units or landforms. Groundwater uses were derived from land use in the
study area. The determination of the groundwater requirement standard was based on
relevant literature and the result of a field survey. For this purpose, landforms and land
use maps were created through interpretation and digitization on computer, using the
World View 2 image 2018, and supported with a digital version of the Indonesian
Topographic Map 2013, within the scale of 1:25.000. ArcGIS 10.2 software was utilized
for mapping and spatial analysis.
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Figure 1. The study area in the sandy coastal area of Bantul, Indonesia.

Samples for water quality determinations were collected from January to February 2017,
from three shrimp pond development areas, namely western, central and eastern
regions. In each region, the samples were collected from three observation points,
around the coastline area, shrimp ponds area and the upper shrimp pond areas. The
collection was carried out in the morning (8-11 AM) to avoid the difference from daily
fluctuations (Ma et al 2013). Physico-chemical parameters, temperature, salinity,
turbidity, total suspended solids (TSS), pH, dissolved oxygen (DO), BOD-5, ammonia,
phosphate, and organic matter and biological parameters (total Vibrio) were included in
the determinations conducted for groundwater quality. Temperature was measured with
a mercury thermometer, salinity with a hand refractometer, pH with a digital pH meter
and DO with the Winkler method titration. These parameters were determined in situ.
BOD-5, determined by the Winkler method titration, and total Vibrio (TCBS culture
media) were measured at the Fisheries Department Laboratory Gadjah Mada University.
The turbidity, measured with a NTU digital turbidimeter, TSS (determined by
gravimetry), ammonia (determined by spectrophotometry), phosphate (determined by
spectrophotometry) and organic matter (determined by permanganometry titration) were
measured at the Yogyakarta Health Laboratory Center. Sampling, preparation and
measurement of groundwater quality parameters were based on APHA (1998) methods.

Groundwater Availability Index (GWAI). In this study, GWAI was defined as a ratio
between the demand and availability of groundwater. The availability of groundwater was
calculated by static modeling based on the volume of groundwater, which could be
released from each aquifer unit (Purnama 2012; Santosa & Adji 2014). The groundwater
availability was estimated by the following equations:

Wav=AxhxSy

Wsy= AXFxSy
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Where: Wav - groundwater availability (m3 year?); Wsy - safe yield of groundwater
utilization (m3 year!); A - cross-sectional area of the aquifer unit (m?); h - thickness
average of the aquifer (m); F - fluctuation of groundwater-surface level (m); Sy - specific
yield or the percentage of groundwater released from the aquifer unit (%).

Table 1
The availability and safe yield of groundwater in the sandy coastal area of Bantul based
on the aquifer units

The aquifer . Fluctuation Sy Availability  Safe yield
units Area (m?) Thickness (m) ‘m) (%) (m?yearl) (m’ yearl)
Western:
Fmp 1059660 100 2.5 15 15894900 397372
Cbr-sd 771200 40 2.5 38 11722240 732640
Total 1830860 27617140 1130012
Cetral:
Fmp 1248360 100 2.5 15 18725400 468135
Cbr-sd 1855810 40 2.5 38 28208312 1763020
Total 3104170 46933712 2231155
Eastern:
Fmp 2598670 100 2.5 15 38980050 974501
Cbr-sd 1155110 40 2.5 38 17557672 1097354
Total 3753780 56537722 2071855
Grand total 8688810 131088574 5433022

Note: the aquifer units and area (A) were generated from the interpretation of World View 2 image 2018; the
thickness of the aquifer (h), fluctuation (F) and specific yield (Sy) are based on Purnama (2012) and Santosa &
Adji (2014); Fmp - fluvio-marine plains; Cbr-sd - complex of beach ridges and sand dunes.

The groundwater availability and safe yields are presented in Table 1. The demand for
groundwater was estimated by the following equation (NSAI 2002):

Wd=Wdo+Wnd+Wag+WIs+Waq

Where: Wd - total groundwater demand (m3 year?); Wdo - domestic groundwater uses;
Wnd - non-domestic groundwater uses; Wag - agricultural groundwater uses; Wils -
groundwater uses for livestock; Waq - aquaculture groundwater uses.

The standard of domestic water uses is 60 L person day! (NSAI 2002). Non-domestic
groundwater uses is limited to tourism activities, where standard water use is 0.2 L
second™ ha™l. The tourism activities are assumed to take place only on holidays and there
are 115 such occasions within a year. Groundwater uses for agricultural land are
allocated for dryland rice fields and drylands. Within a year, the dryland rice fields are
used to cultivate paddies for two planting seasons and horticultural plants for one season.
On the other hand, the drylands are only able to cultivate horticultural plants for three
seasons in a year. Both for paddy and horticultural plants, it is assumed that every
planting season (PS) takes 120 days. In this study, the effective area of dryland rice
fields and drylands is assumed to be 75% of the total area. The standard of water uses
for paddy in dryland rice fields is 9350 m3 ha PS! and for horticultural plants is 6440 m3
ha! PS! (Dariah & Heryani 2014). Groundwater for livestock is destined to large
livestock (cow and buffalo), small livestock (goat and sheep) and poultry (chicken and
duck). The standard of water uses for cow and buffalo is 60 L animal! day?, for goat and
sheep is 6 L animal! day!, while for chicken and duck are 0.6 animal! day! (NSAI
2002). Water uses for aquaculture activities are intended for shrimp farming. Based on
the in-depth interviews, shrimp ponds are used to culture shrimp for three crops in a
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year, every crop taking 90 days. The effective area of shrimp ponds is assumed to be two
thirds, or 66.67% of the shrimp farming area. The standard of water uses for shrimp
farming, assuming the pond water depth is 120 cm, is 84000 m?3 ha' crop?. The
groundwater uses are presented in Table 2.

Table 2
Groundwater uses in the sandy coastal area of Bantul
Grounc;lwaterluses Western Central Eastern Total
(m’ year?)
Domestic 23652 16644 5256 45552
Non-domestic 10420 18869 2601 31892
Agricultural 1496513 3446283 2727222 7670018
Livestock 4032 1357 229 5618
Aquacultural 3300192 3869712 2248680 9418584
Total 4834809 7352866 4983988 17171663

Note: groundwater uses were obtained from land use maps that generated from the interpretation of World
View 2 image 2018 and field survey, and then calculated based on NSAI (2002).

Furthermore, GWAI was calculated from the following formula, a modification of
Mohammed & Ghazali (2009):

GWAI = (Wd/Wsy) x 100

The GWAI values generated were grouped into four classes: not critical (<25), quite
critical (25-50), critical (50-100), and very critical (>100).

Groundwater Quality Index (GWQI). GWQI calculations were carried out in three
successive steps, standardization, weighting and determination of quality rating scale,
based on modifications of Banoeng-Yakubo et al (2009); Vasanthavigar et al (2010);
Kumar & James (2013). In the first step, the selection of parameters and water quality
standards was determined based on the synthesis of optimum water quality
recommended in various studies for the survival and growth of whiteleg shrimp (Beltrame
et al 2006; Ferreira et al 2011; Carbajal-Hernandez et al 2013; Kasnir et al 2014; NSAI
2006; NSAI 2014). In the second step, each of the water quality parameters was
assigned a weight ranging from 1 to 5 based on their importance and effects on shrimp.
The maximum weight of 5 was assigned to salinity, as it was the most influential
parameter on the survival and growth of shrimp. 4 was assigned to temperature, pH and
DO, and 3 was assigned to turbidity, TSS, BOD-5, ammonia and organic matter.
Phosphate and total Vibrio were assigned a weight of 2, because these two parameters
had the lowest effect compared with the other parameters (modification of Karthik et al
2005; Mustafa et al 2007; Carbajal-Hernandez et al 2013; Hadipour et al 2015).
Furthermore, the relative weight of each water quality parameter was calculated using
the following equation (Banoeng-Yakubo et al 2009):

Wi=wi/Zwi

Where: Wi - relative weight; wi - each parameter weight; Zwi - total weight of all
parameters. In this study, Zwi was 36.

The optimum, standard, weight and relative weight of each water quality
parameter for whiteleg shrimp are illustrated in Table 3. In the third step, a water quality
rating scale was calculated by the following equation:

qi=(Ci/Si)x100

AACL Bioflux, 2019, Volume 12, Issue 6. 2121
http://www.bioflux.com.ro/aacl



Where: qi - water quality rating scale; Ci - value of each measured water quality
parameter; Si - standard value of each water quality parameter.

Table 3
Optimum, standard, weight and relative weight of water quality parameters for whiteleg
shrimp

. , . Relative

Parameter Optimum Standard Weight (wi) weight (Wi)
Salinity (ppt) 15-30 20 5 0.1389
Temperature (°C) 28-32 28 4 0.1111
Turbidity (NTU) <20 20 3 0.0833
TSS (mg L) 25-150 80 3 0.0833
pH 7.5-8.5 7.5 4 0.1111
DO (mg L?) >4 4 4 0.1111
BOD-5 (mg L) <3 3 3 0.0833
Ammonia (mg L' N-NH3z) <0.1 0.1 3 0.0833
Phosphate (mg L P-PO4) 0.1-5.0 0.2 2 0.0556
Organic matter (mg L) 55-90 55 3 0.0833
Total Vibrio (CFU mgL™) <1000 1000 2 0.0556
>wi=36 TWi=1

Note: optimum and standard values of the water quality parameters were synthesized from Beltrame et al
(2006), Ferreira et al (2011), Carbajal-Hernandez et al (2013), Kasnir et al (2014), NSAI (2006) and NSAI
(2014); weights (wi) were modified from Karthik et al (2005), Mustafa et al (2007), Carbajal-Hernandez et al
(2013) and Hadipour et al (2015); NTU - Nephelometric Turbidity Unit; TSS - total suspended solids; DO -
dissolved oxygen; BOD-5 - bio-chemical oxygen demand within five days; CFU - colony forming unit.

To calculate GWQI, the subindex was calculated first for each water quality parameter
using the following equation:

SI=Wixqi
GWQI==SI

Where: SI - subindex of each water quality parameter; XSI - total of subindex from all
water quality parameters; GWQI - Groundwater Quality Index.

The resulted GWQI values were grouped into five classes: excellent (<50), good
(50-100), poor (100-200), very poor (200-300), and unsuitable (>300).

Results and Discussion

Yield and demand for groundwater. The eastern region has the greatest groundwater
availability, of 43.13%, followed by the central region with 35.8% and the western region
with 21.07%, from the total groundwater availability of 131088574 m3 year!. The
groundwater safe yield in the western, central and eastern regions is 1130012 m3 year?,
2231155 m3 year?, and 2071855 m? year?, respectively. The total groundwater safe
yield in the area is 5433022 m?3 year? (Table 1). The highest groundwater uses are for
aquaculture (i.e. shrimp farming) and agricultural purposes. The total groundwater uses
for both in the western, central and eastern regions are 4796705 m3 year! (99.21%),
7315995 m3 year! (99.50%), and 4975902 m3 year! (99.83%), respectively. It indicates
that the groundwater uses besides these, for domestic, non-domestic and livestock, has
the overall amount of around 0.17-0.79% (Table 2). Based on the ratio between the
demand and the safe yield of groundwater utilization, the Groundwater Availability Index
(GWAI) value is generated. The highest GWAI is found in the western region, with a
value of 428, followed by the central region with 330, and eastern region with 240 (Table
4). The GWAI values are above 100, indicating that the condition of groundwater in the
study area is very critical or, in other words, the groundwater has experienced
overexploitation.
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Table 4
Value and classification of GWAI in the sandy coastal area of Bantul, Indonesia

Development area Safe yield Groundwater GWAI Class
(Wsy) demand (Wd) (Wd/Wsy)x100
Western 1130012 4834809 428 very critical
Central 2231155 7352866 330 very critical
Eastern 2071855 4983988 240 very critical
Total 5433022 17171663 316 very critical

Groundwater quality. The groundwater quality in the three shrimp pond development
areas in Bantul is presented in Table 5. The overall salinity in the eastern region and the
upper region of the shrimp pond areas are classified as low, within a range of 2-6 ppt.
Temperature and pH are generally in the optimum range for the survival and growth of
shrimp. Temperatures range from 28 to 31°C and pH ranges from 7 to 8.6. The
groundwater conditions in the study area are classified as very clear, with a turbidity of
0.10-4.51 NTU and a TSS of 0.68-4.51 mg L. DO in the western region is below the
standard, ranging from 1.80 to 2.12 mg L', while BOD-5 in the eastern region is quite
high, ranging from 4.06 to 6.26 mg L!. The values of ammonia in the eastern region,
especially around the coastline area and in the shrimp pond area, are 0.459 mg Lt and
0.295 mg L, respectively, above the standard. A high phosphate content, of 1.257 mg L-
1, was found in the central region, precisely in the upper region of the shrimp pond areas.
The value of the organic matter in the western region is above the standard, especially
around the coastline area and in shrimp pond areas, 59.15 mg L' and 56.46 mg L%,
respectively. The total Vibrio content in the three regions is very low, ranging from 0 to
56 CFU mg L.

GWQI analysis in the three shrimp pond development areas in Bantul as a whole
produced GWQI values ranging from 65.96 to 98.37 (Table 5). The mean GWQI in the
western, central and eastern regions was 76.75, 72.94 and 86.16, respectively. Based on
the classification according to Banoeng-Yakubo et al (2009) and Vasanthavigar et al
(2010), the GWQI value is in the range of 50-100, indicating that the groundwater
quality in the regions is good for whiteleg shrimp farming.

GWALI analysis. Groundwater in the sandy coastal area of Bantul is supposed to meet
the necessities of domestic, hon-domestic (tourism activities), agricultural, livestock and
aquaculture. The total groundwater uses for aquaculture (i.e. shrimp farming) and
agricultural activities reaches more than 99%. For agriculture, groundwater is required to
compensate for the losses during field preparation, evaporation, transpiration, seepage,
percolation and the discharge of watering application. Groundwater for aquaculture is
essential for filling shrimp ponds at the early stage of culture, replacing water loss due to
evaporation and seepage and water replacement to maintain water quality (Verdegem &
Bosma 2009; Bosma & Verdegem 2011). Based on the calculation, the total water uses
for shrimp farming amounts to 84000 m3 ha crop™.

Groundwater in the coastal area has to be utilized carefully since the water can be
used for many purposes (Voudouris 2006) and it is susceptible to pollution and seawater
intrusion due to excessive exploitation (Ferguson & Gleeson 2012; Bouderbala et al
2016). Consequently, the groundwater management system must consider the safe yield
concept, which is the amount of water that can be pumped from the aquifer without
causing unwanted impacts (Alley & Leake 2004; Voudouris 2006). Based on our results,
the total safe yield in the study area is 5433022 m?3 year?, or only 4.14% from the total
groundwater availability of 131088574 m3 year!. This result is similar to those of
previous studies for all regions in Bantul Regency, which state that the safe yield of
groundwater is 4.01% (Purnama 2012) and 4.04% (Santosa & Adji 2014).
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Table 5
Groundwater quality and GWQI value in the sandy coastal area of Bantul, Indonesia

Western Central Eastern

Parameter C P U C P U C P U Optimum
Sal 28 30 3 20 26 6 5 5 2 15-30
T 31 31 29 31 31 28 30 30 30 28-32
Tur 0.32 0.97 1.56 0.45 0.1 0.41 4.51 2.5 2.11 <20
TSS 5.06 6.24 0.92 1.28 1.02 0.28 0.68 0.58 0.16 25-150
pH 7.0 7 7.2 7.9 7.9 8.6 7.2 7.3 7.1 7.5-8.5
DO 1.8 2.12 1.8 3.72 4.02 6.6 6.48 7.88 7.8 >4
BOD-5 3.48 0.26 1.92 3.55 3.12 0.8 4.06 5.12 6.26 <3
Amm 0 0.048 0.008 0 0 0.007 0.459 0.295 0.052 <0.1
Pho 0.178 0.214 1.881 0.102 0.05 1.257 0.01 0.01 0.034 0.1-5.0
OoM 59.15 56.46 4.74 29.09 27.11 9.16 15.27 11.23 5.19 55-90
TV 33 8 7 56 0 0 48 31 23 <1000

GWQI 71.53 69.71 89.01 65.96 67.21 85.66 98.37 90.16 69.96

Class good good good good good good good good good

Note: Sal - salinity (ppt); T - temperature (°C); Tur - turbidity (NTU); TSS - total suspended solids (mg L?); pH
- acidity; DO - dissolved oxygen (mg L?); BOD-5 - biochemical oxygen demand within five days (mg L?);
Amm - ammonia (mg L N-NHs); Pho - phosphate (mg L P-PO4); OM - organic matter (mg L!); TV - total
Vibrio (CFU mg L!); C - around the coastline area; P - shrimp ponds area; U - the upper of the shrimp ponds
area. Optimum values of water quality parameters for whiteleg shrimp were synthesized from Beltrame et al
(2006), Ferreira et al (2011), Carbajal-Hernandez et al (2013), Kasnir et al (2014), NSAI (2006) and NSAI
(2014).

GWAI analysis shows that the condition of the groundwater in the study area is classified
as very critical, meaning that the groundwater has experienced overexploitation. This
condition can lead to a depletion of groundwater availability and quality, soil salinization
and seawater intrusion (Voudouris 2006; Ferguson & Gleeson 2012; Bouderbala et al
2016). Based on field observations, the phenomenon of seawater intrusion reflected by
increasing groundwater salinity has been recognized in the western region. This is
confirmed by the result of the salinity measurement in this region, which presents the
highest value among all regions.

GWQI analysis. Water quality is a crucial variable for the survival and growth of
whiteleg shrimp. The monitoring of physico-chemical and biological parameters allows
the control and even predicts the occurrence of unfavorable conditions for shrimp, so it
can prevent shrimp farming from environmental damage and financial losses. Therefore,
in the context of a sustainable shrimp farming development, water quality should be
evaluated in water sources in the pre-selection of shrimp ponds (Beltrame et al 2006;
Ferreira et al 2011).

So far, the evaluation of water quality still often uses traditional approaches,
through partial analysis of each water quality parameter. Traditional reports on water
quality tend to be technical and detailed, presenting monitoring data on individual
substances, without providing a comprehensive and interpretable water quality condition
(Carbajal-Hernandez et al 2012; Carbajal-Hernandez et al 2013). Because it is too
complex, the traditional approach will make it difficult to make decisions. To overcome
this problem, the general water quality index (WQI) and groundwater quality index
(GWQI) specifically applied to groundwater are developed to integrate water quality
parameters (Saeedi et al 2010). WQI analysis in aquaculture is still limited to surface
water, such as the feasibility of lagoon waters for shrimp farming (Beltrame et al 2006;
Ferreira et al 2011), pollution rate of river waters because of aquaculture waste (Simoes
et al 2008), reservoir waters feasibility for freshwater fish farming (Tallar & Suen 2016)
and monitoring and evaluation of water quality in shrimp ponds (Ferreira et al 2011; Ma
et al 2013; Mohanty et al 2018). The use of GWQI, in general, is still limited to drinking
water (Vasanthavigar et al 2010; Rajanankar et al 2011; Kumar & James 2013).
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When compared with previous studies that evaluated the suitability of water
quality for shrimp or freshwater fish farming, the present study is more comprehensive,
so the results should also be more representative. This is reflected in the number of
parameters used in the analysis. In this study, 11 water quality parameters were
evaluated, consisting of physico-chemical parameters (temperature, salinity, turbidity,
TSS, pH, DO, BOD-5, ammonia, phosphate and organic matter) and biological
parameters (total Vibrio). Beltrame et al (2006) and Ferreira et al (2011), evaluating the
feasibility of lagoon water for shrimp farming, involved 4 parameters, salinity, turbidity,
pH and DO. In another study, Tallar & Suen (2016) who evaluated reservoir water
feasibility for freshwater fish farming, also used 4 parameters, DO, pH, ammonia and
fecal coliform.

The GWQI analysis in the 3 shrimp pond development areas in Bantul presents
values between 50 and 100, indicating that the groundwater quality belongs to the
“good” category for whiteleg shrimp farming. This confirms the results of Boyd (2012),
who stated that the aquifers in sand or gravel formations present good quality for
aquaculture. This is also confirmed by the fact that currently, no industry in the regions
disposes of waste in the environment. A lower GWQI value indicates a better
groundwater quality. On this basis, it can be said that the western and central regions
have better groundwater quality compared with that of the eastern region. Groundwater
in the coastline area tends to have better quality than in the shrimp ponds area and
above the shrimp ponds area.

Implications for sustainable shrimp farming. In the context of the development of
sustainable shrimp farming, the evaluation of water sources must be carried out at the
pre-selection stage or even before the site selection of shrimp ponds (Beltrame et al
2006; Ferreira et al 2011). In the sandy coastal area, water variables (availability and
quality of groundwater) have a vital role compared to land variables (topography,
elevation and slope). It is because the variable for sandy land can be easily modified or
engineered, if the conditions are not appropriate and vice versa. Based on the importance
of the variable groundwater, it is very important to have an appropriate evaluation of the
availability and quality of groundwater, as well as an appropriate approach to integrate
both into aquaculture management. In this case, GWAI and GWQI can be used as
indicators as well as tools to detect unfavorable groundwater conditions for shrimp, so
that negative impacts on the environment and financial losses can be avoided. The use of
these two indices is very practical because the interpretation of data can be done quickly
and easily, and does not require high costs. Besides, the results obtained are also very
simple, simplifying the decision-making process. The application of the two indices is not
limited to aquaculture management, opportunities for other production systems being
also open.

The results of the GWAI analysis indicate that groundwater in the study area is
already in a very critical condition (GWAI>100) and its utilization has experienced
excessive exploitation. Meanwhile, the results of the GWQI analysis show that
groundwater quality is good for whiteleg shrimp farming (50<GWQI<100). Based on
these two indices, it is concluded that groundwater in this area is not suitable for the
development of shrimp ponds. The next stage in the site selection of shrimp ponds can
be continued, but focused on regulating shrimp ponds. In this case, the opening of new
shrimp ponds in the study area should be stopped, while old shrimp ponds that are not
operating and are no longer productive can be closed. Furthermore, shrimp ponds that
are still operating must be rearranged considering the physical and production carrying
capacity (Ross et al 2013).

Since groundwater use for shrimp farming is the highest compared with the other
water uses, the efficiency of water use in this sector should be given the highest priority.
This is in line with the concept of sustainable intensification of aquaculture, which
emphasizes on water efficiency (FAO 2016; Ahmed & Thompson 2017). In this study,
water uses for shrimp farming in a sandy coastal area, with a stocking density of about
110 shrimps m™ and a cultured period of 90 days, is 84000 m?3 ha! crop!. If the average
production of shrimp is 15 tons ha™!, the efficiency of water use is 5.60 m3 kg shrimp
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biomass. This water use is classified as wasteful and inefficient, because according to
Mohanty et al (2018), shrimp ponds with a stocking density of 50 shrimps m=2 and a
cultured period of 120 days only use water as much as 34200 m3 ha™ crop?, with an
efficiency of water use of 1.93 m3 kg shrimp biomass. To increase the efficiency of
groundwater uses, in the future, the development of sustainable shrimp farming in this
region should be focused on being able to implement better water management through
reducing water uses (Verdegem & Bosma 2009; Mohanty et al 2018). These efforts can
be achieved by increasing pond aeration (Avnimelech et al 2008), implementing
recirculation aquaculture systems (Klinger & Naylor 2012), and increasing pond
productivity with biofloc technology (Bosma & Verdegem 2012).

Conclusions. Based on the ratio between the demand and the safe yield, the
groundwater in the sandy coastal area of Bantul, Indonesia, is in a very critical condition
with GWAI ranging from 240 to 428. It means that the groundwater has experienced
overexploitation. However, the area has good groundwater quality for whiteleg shrimp
farming with GWQI ranging from 65.96 to 98.37. Based on these two indices, it is
concluded that groundwater in this area is not suitable for the development of shrimp
ponds. The next step in the site selection of shrimp ponds can be continued, but focused
on regulating shrimp ponds under the physical and production carrying capacity. In
summary, it can be stated that GWAI and GWQI are practical tools that can be used for a
quick and easy data interpretation, for aquaculture management and other production
systems.

Acknowledgments. The authors would like to thank the Ministry of Research,
Technology and The Higher Education, Republic of Indonesia and the Faculty of
Agriculture of Gadjah Mada University, for providing funding for this research. Thanks are
also designated to shrimp farmers and communities in the coastal area of Bantul for their
cooperation during the field survey.

References

Ahmed N., Thompson S., 2017 Sustainable intensification of aquaculture. INFOFISH
International 3:35-37.

Alley W. M., Leake S. A., 2004 The journey from safe yield to sustainability. Ground
Water 42(1):12-16.

Avnimelech Y., Verdegem M. C. J., Kurup M., Keshavanath P., 2008 Sustainable land-
based aquaculture: Rational utilization of water, land and feed resources.
Mediterranean Aquaculture Journal 1(1):45-55.

Banoeng-Yakubo B., Yidana S. M., Emmanuel N., Akabzaa T., Asiedu D., 2009 Analysis of
groundwater quality using water quality index and conventional graphical methods:
the Volta region, Ghana. Environmental Earth Sciences 59:867-879.

Beltrame E., Bonetti C., Bonetti J., 2006 Pre-selection of areas for shrimp culture in a
subtropical Brazilian lagoon based on multicriteria hydrological evaluation. Journal
of Coastal Research 39:1838-1842.

Bosma R. H., Verdegem M. C. J., 2011 Sustainable aquaculture in ponds: Principles,
practices and limits. Livestock Science 139:58-68.

Bouderbala A., Remini B., Hamoudi A. S., Pulido-Bosch A., 2016 Assessment of ground-
water vulnerability and quality in coastal aquifers: A case study (Tipaza, North
Algeria). Arabian Journal of Geosciences 9:181, 12 p.

Boyd C. E., 2012 Groundwater quality in aquaculture. Global Aquaculcure Advocate
15(1):44-45.

Carbajal-Hernandez J]. J., Sanchez-Fernandez L. P., Carrasco-Ochoa J. A., Martinez-
Trinidad J. F., 2012 Immediate water quality assessment in shrimp culture using
fuzzy inference systems. Expert Systems with Applications 39:10571-10582.

Carbajal-Hernandez J. J., Sanchez-Fernandez L. P., Villa-Vargas L. A., Carrasco-Ochoa J.
A., Martinez-Trinidad J. F., 2013 Water quality assessment in shrimp culture using
an analytical hierarchical process. Ecological Indicators 29:148-158.

AACL Bioflux, 2019, Volume 12, Issue 6. 2126
http://www.bioflux.com.ro/aacl



Dariah A., Heryani N., 2014 [Empowerment of sub-optimal dry land to support
diversification and food security policy]. Jurnal Sumbardaya Lahan 8(3):1-16. [in
Indonesian].

Djumanto, Ustadi, Rustadi, Triyatmo B., 2016 Feasibility study on the profitability of
vannamei shrimp aquaculture on coastal area of Keburuhan Village, Purworejo
Regency. Aquacultura Indonesiana 17(1):7-11.

Ferguson G., Gleeson T., 2012 Vulnerability of coastal aquifers to groundwater use and
climate change. Nature Climate Change 2:342-345.

Ferreira N. C., Bonetti C., Seiffert W. Q., 2011 Hydrological and water quality indices as
management tools in marine shrimp culture. Aquaculture 318:425-433.

Hadipour A., Vafaie F., Hadipour V., 2015 Land suitability evaluation for brackish water
aquaculture development in coastal area of Hormozgan, Iran. Aquaculture
International 23:329-343.

Henriksson P. J. G., Belton B., Jahan K. M., Rico A., 2018 Measuring the potential for
sustainable intensification of aquaculture in Bangladesh using life cycle assessment.
PNAS 115(12):2958-2963.

Islam M. R., Tabeta S., 2016 Impacts of shrimp farming on local environments and
livelihoods in Bangladesh. International Journal of Environmental Science 1:48-51.

Joffre O. M., Klerkx L., Khoa T. N. D., 2018 Aquaculture innovation system analysis of
transition to sustainable intensification in shrimp farming. Agronomy for Sustainable
Development 38:34, 11 p.

Karthik M., Suri J., Saharan N., Biradar R. S., 2005 Brackish water aquaculture site
selection in Palghar Taluk, Thane district of Maharashtra, India, using the
techniques of remote sensing and geographical information system. Aquacultural
Engineering 32:285-302.

Kasnir M., Herlina, Rosmiati, 2014 Water quality parameter analysis for the feasibility of
shrimp culture in Takalar Regency, Indonesia. Journal of Aquaculture Research and
Development 5(6):273, 3 p.

Klinger D., Naylor R., 2012 Searching for solutions in aquaculture: Charting a sustainable
course. Annual Review of Environment and Resources 37:247-276.

Kumar P. J. S., James E. J., 2013 Development of Water Quality Index (WQI) model for
the groundwater in Tirupur district, South India. Chinese Journal of Geochemistry
32:261-268.

Little D. C., Young J. A., Zhang W., Newton R. W., Mamuna A. A., Murray F. J., 2018
Sustainable intensification of aquaculture value chains between Asia and Europe: A
framework for understanding impacts and challenges. Aquaculture 493:338-354.

Lumb A., Sharma T. C., Bibeault J. F., 2011 A review of genesis and evolution of Water
Quality Index (WQI) and some future directions. Water Quality, Exposure and
Health 3:11-24.

Ma Z., Song X., Wan R., Gao L., 2013 A modified water quality index for intensive shrimp
ponds of Litopenaeus vannamei. Ecological Indicators 24:287-293.

Meigh J. R., McKenzie A. A., Sene K. J., 1999 A grid-based approach to water scarcity
estimates for eastern and southern Africa. Water Resources Management 13:85-
115.

Mohammed T. A., Ghazali A. H., 2009 Evaluation of yield and groundwater quality for
selected wells in Malaysia. Pertanika Jornal of Science & Technology 17(1):33-42.

Mohanty R. K., Ambast S. K., Panigrahi P., Mandal K. G., 2018 Water quality suitability
and water use indices: Useful management tools in coastal aquaculture of
Litopenaeus vannamei. Aquaculture 485:210-219.

Muis B. A., Murtilaksono K., Jaya I. N. S., Haridjaja O., 2017 Analysis of water demands
for freshwater aquaculture ponds in Krueng Aceh watershed, Aceh Province,
Indonesia. AACL Bioflux 10(5):1119-1126.

Mustafa A., Sapo I., Hasnawi, Sammut J., 2007 [Understanding the relationship between
environmental factors and brackish water pond productivity to enhance criteria for
land capability assessment: 1. Water quality]. Jurnal Riset Akuakultur 2(3):289-
302. [in Indonesian].

AACL Bioflux, 2019, Volume 12, Issue 6. 2127
http://www.bioflux.com.ro/aacl


https://link.springer.com/journal/11631

Phillips M., Subasinghe R. P., Tran N., Kassam L., Chan C. Y., 2016 Aquaculture big
numbers. FAO Fisheries and Aquaculture Technical Paper No. 601, FAO, Rome,
Italy, 60 p.

Priyono S. B., Gunawan T., Suharyadi, 2005 [The use of aerial photograph systems for
planning biocrete shrimp ponds development: The case of the southern area of
Bantul regency]. Science and Cybernetics 8(3):309-321. [in Indonesian].

Purnama S., 2012 [Safe yield groundwater exploitation for non agricultural usage at
Bantul regency]. Forum Geografi 26(1):75-86. [in Indonesian].

Rajankar P. N., Tambekar D. H., Wate S. R., 2011 Groundwater quality and water quality
index at Bhandara District. Environmental Monitoring and Assessment 179:619-
625.

Ross L. G., Telfer T. C., Falconer L., Soto D., Aguilar-Manjarrez J., 2013 Site selection
and carrying capacities for inland and coastal aquaculture. FAO Fisheries and
Aquaculture Proceedings No. 21, FAO, Rome, Italy, 282 p.

Saeedi M., Abessi 0., Sharifi F., Meraji H., 2010 Development of groundwater quality
index. Environmental Monitoring and Assessment 163:327-335.

Samadan G. M., Rustadi, Djumanto, Murwantoko, 2018 Production performance of
whiteleg shrimp Litopenaeus vannamei at different stocking densities reared in sand
ponds using plastic mulch. AACL Bioflux 11(4):1213-1221.

Santosa L. W., Adji T. N., 2014 [The characteristics of aquifers and potential of
groundwater in Graben Bantul]. Gadjah Mada University Press, Yogyakarta,
Indonesia, 299 p. [in Indonesian].

Sharma K. K., Mohapatra B. C., Das P. C., Sarkar B., Chand S., 2013 Water budgets for
freshwater aquaculture ponds with reference to effluent volume. Agriculture
Sciences 4(8):353-359.

Simoes F. D. S., Moreira A. B., Bisinoti M. C., Gimenez S. M. N., Yabe M. J]. S., 2008
Water quality index as a simple indicator of aquaculture effects on aquatic bodies.
Ecological Indicators 8:476-484.

Tallar R. Y., Suen J. P., 2016 Aquaculture Water Quality Index: A low-cost index to
accelerate aquaculture development in Indonesia. Aquaculture International
24(1):295-312.

Triyatmo B., Rustadi, Priyono S. B., 2018 Characteristics and environmental carrying
capacities of coastal area in Yogyakarta Special Region for aquaculture. Proceeding
of The 2" International Symposium on Marine and Fisheries Research 2017. IOP
Conference Series: Earth and Environmental Science 139:012007.

Triyatmo B., Suadi, Ambarwati D., Sukardi, 2016 Technical and financial aspects of white
shrimp (Litopenaeus vannamei) culture in coastal sandy soil area of Bantul
regency. Aquacultura Indonesiana 17(2):54-59.

Vasanthavigar M., Srinivasamoorthy K., Vijayaragavan K., Ganthi R. R., Chidambaram S.,
Anandhan P., Manivannan R., Vasudevan S., 2010 Application of water quality index
for groundwater quality assessment: Thirumanimuttar sub-basin, Tamilnadu, India.
Environmental Monitoring and Assessment 171:595-609.

Verdegem M. C. J., Bosma R. H., 2009 Water withdrawal for brackish and inland
aquaculture, and options to produce more fish in ponds with present water use.
Water Policy 11(1):52-68.

Voudouris K. S., 2006 Groundwater balance and safe yield of the coastal aquifer system
in NEastern Korinthia, Greece. Applied Geography 26:291-311.

***APHA (American Public Health Association), 1998 Standard methods for the
examination of water and wastewater, 20%" edition. APHA, Washington D. C., 874 p.

***FAO (Food and Agriculture Organization), 2016 Sustainable intensification of
aquaculture in the Asia-Pacific region: Documentation of successful practices. FAO
Regional Office for Asia and The Pacific, Bangkok, Thailand, 153 p.

***FAO (Food and Agriculture Organization), 2018 The state of world fisheries and
aquaculture 2018: Meeting the sustainable development goals. FAO, Rome, Italy,
210 p.

***MMAF (Ministry of Marine Affairs and Fisheries), 2016 [Map of aquaculture production
centers]. MMAF, Jakarta, Indonesia, 70 p. [in Indonesian].

AACL Bioflux, 2019, Volume 12, Issue 6. 2128
http://www.bioflux.com.ro/aacl



***NSAI (National Standardization Agency of Indonesia), 2002 [Preparation of resources
budget: Spatially water resources]. SNI 19-6728.1-2002, NSAI, Jakarta, Indonesia,
26 p. [in Indonesian].

***NSAI (National Standardization Agency of Indonesia), 2006 [Production of whiteleg
shrimp, Litopenaeus vannamei, in pond with intensive technology]. SNI 01-7246-
2006, NSAI, Jakarta, Indonesia, 9 p. [in Indonesian].

***NSAI (National Standardization Agency of Indonesia), 2014 [Production of whiteleg
shrimp, Litopenaeus vannamei Boone 1931, in intensive lining ponds]. SNI 8008-
2014, NSAI, Jakarta, Indonesia, 11 p. [in Indonesian].

Received: 15 May 2019. Accepted: 29 August 2019. Published online: 8 December 2019.

Authors:

Susilo Budi Priyono, Department of Fisheries, Faculty of Agriculture, Gadjah Mada University, JI Flora,
Bulaksumur, Yogyakarta 55281, Indonesia, e-mail: sbpriyono@ugm.ac.id

Rustadi, Department of Fisheries, Faculty of Agriculture, Gadjah Mada University, JI Flora, Bulaksumur,
Yogyakarta 55281, Indonesia, e-mail: rustadi@ugm.ac.id

Triyanto, Department of Fisheries, Faculty of Agriculture, Gadjah Mada University, Jl Flora, Bulaksumur,
Yogyakarta 55281, Indonesia, e-mail: triyantoiwak@ugm.ac.id

Sudarmadji, Department of Environmental Geography, Faculty of Geography, Gadjah Mada University, Sekip
Utara, Bulaksumur, Yogyakarta 55281, Indonesia, e-mail: sudarmadji@geo.ugm.ac.id

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Priyono S. B., Rustadi, Triyanto, Sudarmadji, 2019 The application of groundwater availability and quality
indices on the pre-selection of sustainable Whiteleg shrimp (Litopenaeus vannamei) ponds in the sandy coastal
area of Bantul, Indonesia. AACL Bioflux 12(6):2117-2129.

AACL Bioflux, 2019, Volume 12, Issue 6. 2129
http://www.bioflux.com.ro/aacl


mailto:sbpriyono@ugm.ac.id

