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Impact assessment of shrimp farming on groundwater needs selection of representative sampling units. In the
coastal region, complex sources invariably influence the groundwater flow and its quality. This warrants
multicriteria evaluation techniques consequent to which Geographical Information System (GIS) based Analyti-
cal Hierarchy Process (AHP) was used for the selection of groundwater sampling units in an effort to assess the
impact of shrimp farming. Thematicmaps of eight base layers viz. distance from the aquaculture ponds, drainage
pattern in the study area, lineament, soil texture, slope, landuse/landcover, geomorphology and lithology were
prepared using ARCGIS 10 as these were the main factors that could impact groundwater quality. Information
on the relative importance of the evaluation criteria was obtained by assigning weights to each criterion defined
by pairwise comparison for all the above eight factors. Pairwise comparison revealed that the consistency ratio
was less than the threshold value (0.1) indicating perfection in comparison of each evaluation criterion. Eight
criteria of distance, seven criteria of drainage, three criteria of lineament, seven criteria of soil, eight criteria of
landuse, three criteria of slope, seven criteria of geomorphology and five criteria of geology were computed
and combined to develop a priority classification map related to the influence of brackish water aquaculture
on the salinisation of the groundwater in an effort to precisely assess the impact. On analysis, 29 sampling well
locations were identified with three priority classes viz., (i) high priority (10), (ii) moderate priority (13) and
(iii) low priority (6). Groundwater samples from all these sampling units were collected bimonthly starting
from October 2011 till June 2013 and analyzed for pH, electrical conductivity (EC), total dissolved solids (TDS),
and chloride (Cl). Results revealed no significant relationship of groundwater quality as per the priority classifi-
cation. Hierarchical cluster analysis clearly elucidated the variation of different water quality parameters being
independent of the location of aqua farms indicating multiple sources for variation. From the spatial distribution
map, it could be concluded that groundwater quality is independent of shrimp farming.

© 2015 Elsevier B.V. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 492
2. Materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493

2.1. Watershed approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493
2.2. Study area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493
2.3. Selection of criteria influencing groundwater quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 494
2.4. Data used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 494
2.5. Weighing of criteria in AHP method using GIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 494
2.6. Monitoring of groundwater quality and spatial distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495
2.7. Statistical analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495

2.7.1. One way ANOVA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495
2.7.2. Multivariate statistical analysis — hierarchical cluster analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495

3. Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 496
3.1. Thematic maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 496

3.1.1. Distance from shrimp farms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 496
3.1.2. Drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 497

Aquaculture 448 (2015) 491–506

⁎ Corresponding author.
E-mail addresses: rekha@ciba.res.in, nila_71@yahoo.com.in (P. Nila Rekha).

http://dx.doi.org/10.1016/j.aquaculture.2015.06.025
0044-8486/© 2015 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Aquaculture

j ourna l homepage: www.e lsev ie r .com/ locate /aqua-on l ine

http://crossmark.crossref.org/dialog/?doi=10.1016/j.aquaculture.2015.06.025&domain=pdf
http://dx.doi.org/10.1016/j.aquaculture.2015.06.025
mailto:rekha@ciba.res.in
mailto:nila_71@yahoo.com.in
http://dx.doi.org/10.1016/j.aquaculture.2015.06.025
http://www.sciencedirect.com/science/journal/00448486
www.elsevier.com/locate/aquanline


3.1.3. Lineament . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 498
3.1.4. Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 499
3.1.5. Land use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500
3.1.6. Slope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501
3.1.7. Geomorphology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501
3.1.8. Lithology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501

3.2. Main criteria — selection of sampling grids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501
3.3. Groundwater quality and its spatial distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 502
3.4. Hierarchical cluster analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 503

4. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
Acknowledgment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505

1. Introduction

Aquaculture is one of the fastest growing food producing sectors and
contributes over 47% of world fish supplies for human consumption
(FAO, 2009) and is perceived as having the greatest potential to meet
the growing demand for aquatic food. In addition, aquaculture has
great potential for alleviation of poverty and generation of wealth for
the people living in coastal area especially in developing countries.
Over 500 million people in developing countries depend directly or in-
directly on fisheries and aquaculture for their livelihoods (FAO, 2009).
At the same time, aquaculture development also brought significant en-
vironmental issues and management problems to share access to the
coastal resources. Environmentalists elsewhere pointed out both the
positive and negative impacts of shrimp farming (Newport and
Jawahar, 1995; Phillips et al., 1993). Positive impacts of shrimp farming
are economic benefits, utilisation of marginal lands and water for eco-
nomic benefits whereas the negative impact is due to the conversion
of important coastal ecosystems like lakes, mangroves and agricultural
lands to aquaculture farms (Boyd and Gross, 1999; Perez et al., 2003;
Rosenberry, 1998), salinisation of drinking water resources adjacent to
shrimp farms (Patil et al., 2002), nutrient loading of coastalwater bodies
and estuaries (Lacerda et al., 2006) andmulti-user conflicts. Occasional-
ly, the range and severity of these effects have often been exaggerated
mainly owing to the high visibility of the aquaculture sector, failure to
distinguish between actual and hypothetical hazards (Jerald, 1996)
and projection of piecemeal studies which were location specific. This
warrants a comprehensive and holistic impact assessment study and
the watershed approach would be ideal and appropriate for any land
and water based activity as it is considered to be basic hydrogeological
spatial functional unit (Munafò et al., 2005; Tideman, 2000). The pres-
ent study is a genuine attempt in this regard.

Among the impact assessment studies reported, Grant et al. (1995)
evaluated the impact of shellfish aquaculture on benthic communities.
Ward (2000) studied on the effect of shrimp farming on the hydrogra-
phy and water quality of El Pedaegaland San Bernardo estuaries. Boyd
and Green (2002) prepared a status report on coastal water quality
monitoring in shrimp farming areas and conducted a consortium pro-
gramme on shrimp farming and the environment. A close perusal of
literature survey revealed that although the impact of shrimp farming
on various aspects has been studied, the impact of shrimp farming on
groundwater quality and salinisation has not been dealt adequately.
which prompted us to undertake this study. There has been an appre-
hension among the environmentalists that aquaculture activities
might influence the hydrology and hydrochemistry of groundwater
aquifers. In the absence of proper scientific data this study was under-
taken to evaluate the impact of shrimp farming on groundwater quality.

Geo-spatial environmental impact assessment (EIA) technique
using GIS and remote sensing offers a better option to evaluate the
impact on both spatial and temporal variability (Patil et al., 2002). The
usefulness of remote sensing and GIS in assessing landuse changes in

and around shrimp farming area has been attempted by many re-
searchers (Kapetsky et al., 1987; Nath et al., 2000; Salam et al., 2003)
at different places viz. Thailand (Tripathi et al. 2000), Mexico,
Bangladesh (Hossain and Das, 2010; Paul and Vogl, 2011) and in
Sepetiba, Brazil (Scott and Ross, 1999). Rajitha et al. (2007) has given
a comprehensive review of application of GIS and remote sensing for
aquaculture in India. GIS facilitates efficient storage, management and
analysis of spatial and non-spatial data (Burrough and McDonnell,
1998; Kapetsky et al., 1987). Collectively, RS andGIS can serve as analyt-
ical and prediction tools for planning aquaculture development and
also to test the consequence of various development decisions before
their use in the landscape (Aguilar-Manjarrez and Ross, 1995;
Burrough, 1986). Many of the studies cited above have demonstrated
the capability of spatial modelling in identifying the appropriate
sites for aquaculture.

Environmental impact assessment (EIA) is an intrinsically complex
multi-dimensional process involving multiple criteria and multiple
actors and AHP is one of the most reliable and widely used methodolo-
gies for multicriteria decisionmaking. The twomostwidely used proce-
dures are the weighed linear combination (WLC) and the Boolean
overlay operations (such as intersection (AND) and union (OR)).
There are, however, some fundamental limitations associated with the
use of these approaches in a decision making process mainly due to
lack of a theoretical foundation in deciding the weights which are
often rather arbitrarily assigned without taking the comparison
among the criteria and classes into consideration. This limitation can
be overcome by using the Analytical Hierarchy Analysis (AHP) method
(Saaty, 1977, 1980; Saaty and Vargas, 1993). The AHP is a multi criteria
technique which has been incorporated into the GIS-based spatial
modelling procedures (Carver,1991; Marinoni, 2004). The APH gained
high popularity due to the ease in obtaining the weights, its capacity
to integrate heterogeneous data consequent to which it is applied in a
wide variety of decision making problems. Multicriteria evaluation pro-
vides a systematic, transparent approach that increases objectivity and
generates results that can be reproduced. It considers both qualitative
aswell as quantitative information and combines themby decomposing
ill-structured problems into systematic hierarchies to rank alternatives
based on a number of criteria (Chen et al., 2007). It has been applied
in many fields of research, including nature, economy and society
(Krajnc and Glavic, 2005; Lai et al., 2012; Lie et al., 2004; Ramanathan
and Ganesh, 1995). The AHP is also ameans of eco-environment quality
evaluation, the ecological environment being a large and multi-layer
system (He et al., 2004; Hill et al., 2005; Janseen, 2001; Kang, 2002;
Klungboonkrong and Taylor, 1998; Kurttila et al., 2000; Solnes, 2003;
Yedla and Shrestha, 2003). This method has been applied for selecting
suitable sites for prawn farming, Crab farming in Bangladesh (Hossain
and Das, 2010), selection of groundwater monitoring location in Korea
and identification of artificial recharge locations (Kim, 2010). However,
till now no study has been reported using GIS based AHP to assess the
impact of shrimp farming on groundwater.
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