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Background and objective

Amphibians are one of the vertebrate groups facing the highest extinction risks worldwide. Water
scarcity, due to human competition for water, is of the key stressors to their ecosystems. More
than two thirds of global water use is for agriculture. Previous studies have compiled
consumption-based accounts of water use in order to track “embodied” water in goods (e.g. water
used to make t-shirts) to final consumers. While some studies on water trade embedded in
commodities have distinguished water produced using scarce vs. non-scarce resources, none have
investigated the links between scarce water use, trade, and biodiversity. The aim of the master
thesis is to test, empirically, whether there a relationship is observed between amphibian species
under threat, as reported by the [IUCN Red List of Threatened and Endangered Species, and water
use for the production of export commodities (i.e. cash crops). This analysis will be conducted
using spatially explicit correlation analysis in form of multi — dimensional scatterplots and
correlation maps.

The following tasks are to be considered:

To investigate the relationship between scarce water use and Amphibia under threat we shall
look retrospectively at extant data from prior years and test whether areas producing cash crops
using scarce water overlap with areas providing habitat to many amphibians, or areas where
amphibians are disproportionately threatened. Two hypotheses are proposed:

1. Areas exporting more scarce water due to cash crop production have lower amphibian
species richness.

2. Areas exporting more scarce water due to cash crop production have higher overall
amphibian species threat level.

The thesis shall test these hypotheses using the experiment design developed in this student’s
2014 Master’s Project report. Specific tasks include:

1. Perform cash crop anaysis and determine cash crops using statistical data about world
agricultural production and trade from the UN FAO.

2. Perform spatially explicit correlation analysis in form of multi-dimensional scatterplots
between scarce water exports and amphibian biodiversity threats.

Page 1 of 2



3. Investigate spatial patterns of the relationship between scarce water exports and amphibian
biodiversity threats by making maps.

Within 14 days of receiving the written text on the master thesis, the candidate shall submit a
research plan for his project to the department.

When the thesis is evaluated, emphasis is put on processing of the results, and that they are
presented in tabular and/or graphic form in a clear manner, and that they are analyzed carefully.

The thesis should be formulated as a research report with summary both in English and
Norwegian, conclusion, literature references, table of contents etc. During the preparation of the
text, the candidate should make an effort to produce a well-structured and easily readable report.
In order to ease the evaluation of the thesis, it is important that the cross-references are correct. In
the making of the report, strong emphasis should be placed on both a thorough discussion of the
results and an orderly presentation.

The candidate is requested to initiate and keep close contact with his/her academic supervisor(s)
throughout the working period. The candidate must follow the rules and regulations of NTNU as
well as passive directions given by the Department of Energy and Process Engineering.

Risk assessment of the candidate's work shall be carried out according to the department's
procedures. The risk assessment must be documented and included as part of the final report.
Events related to the candidate's work adversely affecting the health, safety or security, must be
documented and included as part of the final report. If the documentation on risk assessment
represents a large number of pages, the full version is to be submitted electronically to the
supervisor and an excerpt is included in the report.

Pursuant to “Regulations concerning the supplementary provisions to the technology study
program/Master of Science” at NTNU §20, the Department reserves the permission to utilize all
the results and data for teaching and research purposes as well as in future publications.

The final report is to be submitted digitally in DAIM. An executive summary of the thesis
including title, student’s name, supervisor's name, year, department name, and NTNU's logo and
name, shall be submitted to the department as a separate pdf file. Based on an agreement with the
supervisor, the final report and other material and documents may be given to the supervisor in
digital format.

[] Work to be done in lab (Water power lab, Fluids engineering lab, Thermal engineering lab)
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Abstract

Water scarcity is a major environmental challenge oftoday. More than 2 /3 of global water
consumption is used in agriculture, part of which for export production or so called cash
crops. Some argue that trade of water intensive crops can alleviate differences in water
scarcity. However, trade can also put pressure on local water resources and ecosystems
when crops are produced in water scarce regions. This study explores if cash crops and
species compete for scarce water by investigating global correlation in year 2000 between
scarce water consumption in cash crop production and species richness and vulnerability
level of water dependent animals - amphibians. It was found that most scarce water
intensive cash crops are produced in areas where low number of amphibian species live,
suggesting no competition between cash crops and amphibian richness in the present
agricultural areas. Moreover, in the present analysis it was found that most cash crops do
not compete with vulnerable amphibians, which live in areas with minimal or no cash
crop production. There are exceptions, however, where scarce water intensive cash
crops, rich amphibian diversity and vulnerable amphibians coexist. Investigation of
Western Ghats in India reveals that some cash crops like coffee and rice may sustain
amphibians where their natural habitat is lost. This study can suggest potential hotspots
for further local investigations looking at the relationship between water scarcity and

biodiversity.
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1 Introduction

Due to the limited availability and uneven distribution of global freshwater resources,
water scarcity is recognized as a coming major environmental concern (Postel 2000,
Shiklomanov et al. 2003, Oki et al. 2006, Voréosmarty et al. 2010). According to Postel
(2000) two of the main challenges linked to water scarcity are, firstly, maintaining food
security with increasing water constraints in agriculture, and secondly, preventing a
downward trend in the health of ecosystems. These sustainability challenges of increased
water scarcity, food security and loss of biodiversity are daunting enough in isolation, and
gets even more complex recognizing interconnection and feedback loops between them
(Liu et al. 2015). In this study, only a small part of the complex water-food-biodiversity
puzzle is investigated, namely the relationship between scarce water use in agriculture
and biodiversity.

It is well known that aquatic and semiaquatic organisms such as amphibians are
affected by surface and ground water depletion and reduced water availability (Lévéque
et al. 2005, Balian et al. 2008). Therefore, it may be assumed, that water consumption in
agriculture - the major water consumer globally - competes with these species, and that
increased abstraction for agriculture will be likely associated with biodiversity threats.
Water-dependent species are in general at a greater risk of extinction than land-based
species and the primary reason for this trend is habitat change (Millenium Ecosystem
Assessment 2005, WWF 2014). Habitat change is a complex phenomenon, consisting of a
mix of direct impacts e.g. by land use and land cover change, and indirect impacts
including eutrophication and competition with anthropogenic water abstraction
(Millenium Ecosystem Assessment 2005). Due to this complexity, exact environmental
impacts to particular species loss are mostly not known, however, it is believed that in
most cases threatened species are affected by multiple drivers at the same time (Sodhiet
al. 2008, Dirzo et al. 2014). To simplify this complex system, one may ask merely if water
withdrawals and scarce water consumption in agriculture in particular can be used as a
proxy for biodiversity threats.

While much of the water is used locally to satisfy domestic needs it has been
estimated that up to one fifth of the total global water consumption in agriculture is used
for production of cash crops oragricultural products traded between countries (Hoekstra

et al. 2012). Moreover, it can be assumed that, the role of traded food commodities will



only increase in the future as climate change will influence global food security (FAO
2015).1It has been argued (Allan 1997, Chapagain et al. 2006, Yang et al. 2006) that trade
in water-intensive crops can help alleviate differences in scarcity (i.e. when a humid
region exports water-intensive crops to an arid region). At the same time, the opposite
often occurs and the outflow of water embedded in water intensive commodities adds
pressure on the local water resources and ecosystems. Adding to this, Lenzen etal. (2012)
found thatup to 1/3 of global species threats can be attached to traded commodities.
Against this background the following research question is posed: Do cash crops
and species compete for scarce water? To investigate this, historic data from the year
2000 is examined in order to test for the existence of an overlap between areas producing
export crops using scarce water, and areas experiencing amphibian biodiversity threats.

The research question may be translated into two testable, falsifiable hypotheses:

1. Areas exporting more scarce water due to cash crop production have a lower
amphibian species richness;
2. Areas exporting more scarce water due to cash crop production have higher

overall amphibian species vulnerability level

In the next section a more detailed background of the water - food - biodiversity
challenge and an introduction to the main concepts is given before proceeding with a

presentation of the methods, results and discussion.



2 Background

2.1 Global biodiversity challenge

Biodiversity loss is a major environmental challenge. Over the past 50 years humanity has
changed global ecosystems more than ever before in the human history (Hassan et al.
2005). This hasled to a massive and largely irreversible biodiversity loss, so great that it
has been called earth’s “sixth extinction wave” (Barnosky etal. 2011, Ceballos etal. 2015,
Régnier et al. 2015). The effects of this massive loss of species and populations of wildlife
extend across nearly all taxonomicgroups,yet some are more acutely affected than others
(Cardillo etal. 2008). Amphibians, which include frogs, salamanders, newts and caecilians
are limited by temperature, humidity and geographic barriers and therefore are
particularly sensitive to changes in their ecosystems. Patterns of d efaunation show that
these are the vertebrates under the highest extinction risk with 41% of all amphibians
currently considered threatened and 43% experiencing population declines (Stuart et al.
2004, Schipper et al. 2008).

Despite the awareness of biodiversity loss and many research efforts put into the
problem, it has been challenging to measure the state of biodiversity and link particular
drivers to its loss. The ground reason for this lies in the complexity of the biodiversity
conceptitself and its many aspects. The Convention on Biological Diversity (CBD), which
is the authoritative international treaty on biodiversity conservation defines biological
diversity as ‘the variability among living organisms from all sources including, inter alia,
terrestrial, marine, and other aquatic ecosystems and the ecological complexes of which they
are part; this includes diversity within species, between species and among ecosystems’ (UN
1992). Biodiversity therefore is a multidimensional concept, and the challenge is how to
measure such a broad phenomenon in ways that are representative and possible.

Even though most of the species have not been assessed globally, the expansion of
research on biodiversity in the past years is bigger and more ambitious than ever. These
developments are reflected by the increasing amount and availability of quantitative data
with a global coverage like extinction risk of species from the IUCN database (IUCN
2012a) and such projects measuring global biodiversity as the Living Planet Index (WWF
2014) and the Map of Live (MOL 2015). These developments make the current study

possible.



2.2 Drivers to amphibian loss

The stressors affecting amphibians are numerous and include pollution, habitat change,
invasive species and pathogens, diseases and climate change (Dudgeon et al. 2006,
Falkenmark et al. 2008, Smakhtin 2008, Sodhi et al. 2008, Vérdsmarty et al. 2010).

Stuart et al. (2004) in their first global assessment of amphibians divided all
rapidly declining species in three groups based on the cause of their decline. They found
that in addition to habitat loss (considered the main cause of amphibian biodiversity
threats according to the IUCN (2015)) and overexploitation, ‘enigmatic decline’ is a
reason for many amphibian declines globally. With this, authors mean that decline takes
place even in areas where suitable habitat remains and reasons for these declines are
poorly understood. In addition to this study, many others (Lips et al. 2008, Rohr et al.
2008, Sodhi et al. 2008, Hof et al. 2011) point out the poor understanding of drivers of
amphibian declines and even poorer insight into interconnections and synergies between
the drivers, supporting the need of increased understanding of amphibian declines.

Habitat change, the principal driver of biodiversity declines, affects species both
directly and indirectly. The main direct impact is land-use change. The best empirical
study so far investigating the relationship between global land-use change and
biodiversity loss has been done by Newbold et al. (2015) where authors have analysed
local biodiversity data, comparing areas with no human impacts with similar areas
modified by human use. The study clearly points outthe links between agricultural land -
use and biodiversity declines. According to the study, most impacts have occurred from
land conversion to cropland and pasture causing species richness to decline by 8.1% on
average globally. Most losses have happened in heavy grazed areas and areas that have
experienced rapid agricultural growth to support the heavily growing population.

In addition to being the main driver of global land-use change, agriculture is the
major water consumer globally causing indirect habitat changes due to extensive water
withdrawals. According to Vordsmarty et al. (2010) 65% of global river discharge is
under threat due to flow depletion from unsustainable water withdrawals (and therefore
the aquatic habitats supported by this water are under threat as well). The exact link
between biodiversity and intensity of water withdrawals due to agriculture is, however,
not clear.

Even though amphibians are found in almost all habitat types, most species depend

on freshwater and moist environments at some part of their lives to keep their skin moist
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and to reproduce (Balian et al. 2008). In general, amphibians breed and lay eggs in
wetlands and other aquatic habitats and move to terrestrial areas to spend the winter
(IUCN 2015). Therefore, amphibians are especially dependent on availability of fresh
water. In addition, water scarcity tends to intensify the effects of other stressors to
amphibians (Navarro-Ortega et al. 2014), e.g. by increasing concentration of pollution.
Therefore, as amphibians are highly threatened globally and are dependent on
water, they have in this paper been selected in order to study the link between

biodiversity threats and scarce water consumption in agriculture.

2.3 Water scarcity and agriculture

Water scarcity occurs when the demand for water is higher than the available resource.
Even thoughitis estimated that currently less than 10% ofthe maximum available ground
and surface freshwater resources are withdrawn by humans, due to high temporal and
spatial variability, approximately 1/3 of the world’s population and 65% of the habitats
are under high levels of threat to water scarcity (Postel et al. 1996, Oki et al. 2006).
Moreover, water scarcity is projected to continue to grow. This is due in partto expected
increases in variability in hydrological cycles caused by climate change (Kenneth 2002),
but also due to a expected continuation of increased water use in the agricultural sector
(Shiklomanov etal. 2003, Pfister et al. 2011b), responsible for 80% of human water use.

Most of the ground and surface water used in agriculture is due to crop irrigation.
Irrigation is applied to avoid water deficits that reduce crop production and is especially
a large water consumer in semi-arid and arid zones exceeding 80% of the total water
withdrawals (Fereres etal. 2007).

As irrigated crops have much higher yields, at least 40% of the total food
production comes fromirrigated agriculture while using only 16% ofthe total agricultural
area. Therefore, it is considered important to expand irrigated agriculture to increase
food security especially given the prognosis of increased food demand in the future
(Dyson 1999). As a positive example here, we can mention India, which in the last several
decades has attained food self-sufficiency from wheat and rice production in irrigated
lands in the semi-arid plains of Punjab (Matson et al. 1997).

Atthe same time, irrigated agriculture is pointed out as highly inefficient and water
resources wasteful (Postel etal. 1996). Overpumping of groundwater is a serious concern

in many regions and irrigated agricultural lands in semi-arid and arid regions are



degraded by salinization and waterlogging. Irrigation also affects the quality of
downstream agricultural and natural systems. The problem is that irrigation return -flows
usually carry more salt and minerals than surface and groundwater, and irrigation can
deplete downstream systems by water withdrawals (Matson et al. 1997). This inevitably
leads to pressures on surrounding and downstream ecosystems, and points out the

importance to investigate food versus biodiversity trade-offs.

2.4 Water embedded in commodities and virtual water trade

The concepts of water footprint and virtual water trade have been used extensively in the
last decade to account for how much water that is required for production of particular
goods and how much of the embodied water in these goods (water consumed for
production) are traded between regions (Allan 1996, Hoekstra 2003, Orlowsky et al.
2014). The concepts have played an importantrole in showing how interconnected water
uses across the globe are, and linking global trade and water resources management,
which traditionally has been conducted within administrative boundaries (Hoekstra
2009).

Majority of studies investigate virtual water trade of agricultural commodities as
food production is responsible for more than 2/3 of the global water consumption
(Shiklomanov etal. 2003, Pfister etal. 2011b). Traded agricultural commodities are called
cash crops; however, historically this term has had slightly various meanings. In the past,
the term ‘cash crops’ was associated with plantation crops purely grown for exportsuch
as tea, coffee, rubber, cocoa,tobacco and sugar cane. Currently, however, the term is more
often used to distinguish marketed crops or cash crops from subsistence crops or food
crops, which are consumed in the household where they are grown. In reality, it is often
hard to differentiate between food and cash crops as most food crops are also marketed.
This particularly is true for developed countries where almostall agricultural production
is later sold (Achterbosch et al. 2014). In this study, cash crops are defined as all
agricultural production traded between countries. Approach here refrain from the need
to categorize cash vs. food crops by using ‘exportintensity’ defining how much (in %) of
the total production of particular crop in a year is exported.

International trade of agricultural commodities has experienced a rapid increase
in the past decades. Much of this expansion can be attached to the intra-EU trade

representing around 30% of the total trade of agricultural products in 2005. Generally,



the largest share of agricultural exports originates in the developed countries and this
share is increasing. International trade can provide food security in countries with
insufficient domestic food resources. This is the case in many developing countries, which
has led to increased imports in the last years (FAO 2005).

Similarly, many argue, that international trade of water intensive commodities as
agricultural products can help to distribute uneven water resources and improve global
water use efficiency (Allan 1997, Chapagain etal. 2006, Yang et al. 2006, Mekonnen et al.
2014). Virtual water trade is mentioned as one way of ‘water smart’ food production
according to the FAO (WWAP 2012). This can be done when water rich regions export
water intensive crops to water scarce regions, or countries with high crop productivity
exportto less productive countries. At the same time, others have found that the trade of
water intensive commodities do not follow the patterns of water scarcity (Verma et al.
2009, Ansink 2010, Wichelns 2015). Virtual water trade flows are strongly influenced by
other factors like available agricultural land or accessibility to markets. In this case water
trade embedded in crops exacerbates water scarcity in already water scarce regions and

adds pressure on local water resources and ecosystems.



3 Materials and methods

3.1 Research design

A conceptual research framework of the study is presented in figure 3.1. To answer the
research question and test the hypothesis, the relation between scarce water
consumption of exported crops and amphibian species threats is investigated for the year
2000. Both are highly dependent on their spatial location, therefore all input data (in
coloured boxes) as well as results have spatial dimensions or location on the global map.
Input data used here originally have three spatial resolutions: country, cell (5x5 arc

minutes) and cell (3x3 arc minutes) resolution.

Crop production

and trade statistics -Determine export crops

y

Scarce water
consumption of
cash crops

A

| Amphibian
species threats

Water st DO CASH CROPS COMPETE WITH
Aler stress SPECIES FOR SCARCE WATER?

'

Hypotheses:

1.Areas exporting more scarce water due
to cash crop production have lower
amphibian species richness

AND/OR

2. Areas exporting more scarce water due
to cash crop production have higher

Spatial resolution: overall amphibian species threat level

Country ¢

TEST: correlation between exported
scarce water and biodiversity threats

y

YES/NO Where?
Figure 3.1. Conceptual research framework.

All input data and data transformations and calculations are described in more detail later

in this chapter.



3.2 Datasources and maps

3.2.1 Crop production and trade statistics

Agricultural crop production and trade statistics was taken from Food and Agriculture
Organization of the United Nations, Statistics Division (FAOSTAT) (FAO 2014). Data in
EXCEL or CSV format can be directly downloaded from the homepage of the organization.
All statistical data was taken for the year 2000, which is the reference year for the
modelled crop water consumption. Initially, all 160 unprocessed crops according to the
FAOSTAT crop classification and 185 countriesand dependentterritories were used.Each
country’s exportintensity for each crop was determined by the ratio between production
and export for each particular crop. As the classification of production and trade statistics
in FAOSTAT is slightly differentand trade data also includes livestock products, only those

entities from trade statistics matching production classification was taken.

3.2.2 Blue and scarce water consumption of crops

Data about yearly blue and scarce water consumption of global agricultural crops were
provided by Stephan Pfister from a study by Pfister and colleagues (2011a). Data has a
global coverage for 160 different food, fibre and feed crops and has a high spatial
resolution of 5 by 5 arc minutes.

Blue water (BW) concept denotes for the surface and ground water and in the case
of agriculture particularly concerns irrigation water, as well as groundwater uptake by
deep roots (Hoekstra 2009). Expected blue water consumption calculated by Pfister is
based onthe CROPWAT model (Smith etal. 2002) and is an arithmetic mean of the optimal
irrigation water consumption and the deficit water consumption (for full calculations see
(Pfister et al. 2011a)). It is assumed a conservative estimate of the water consumption.
The unit in the spatial dataset provided is m3 of blue water consumed (for each crop) per
area on the global map of 5 arc min.

Water stress notion is commonly used to account for environmental impacts of
water use and is defined as the ratio between total annual freshwater withdrawals and
hydrological availability (Alcamo et al. 2000, Pfister et al. 2009). Pfister accounts for this
by characterizing blue water volume with a spatially explicit Water Stress Index (WSI)
ranging from 0 (no stress) to 1 (maximum stress) (Pfister et al. 2009). Originally made as
a midpoint characterization factor for life cycle impact assessment (LCIA) ‘water

deprivation’ category, it is widely used in water footprintstudies of differentproducts and
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regions, for example: (Feng et al. 2014, Huang et al. 2014, Joa et al. 2014, Ridoutt et al.
2014). To account for resulted scarce water, RED (Relevant for Environmental Deficiency)
water concept is used, which represents a surrogate indicator of the amount of water
deficient to human users and ecosystems. RED water data has the same resolution of 5
arc min and units of m3 of RED water consumed per pixel. In this study the term scarce
water or scarce water consumption is often used, which here means the same as RED

water.

3.2.3 Amphibian species data

The measures chosen to represent the state of amphibian biodiversity are number of
amphibian species and vulnerability of these species (the likeliness to become
endangered or extinct, here vulnerability is not the VU category by IUCN). This data needs
to be spatially explicit to be able to determine the relation with water scarcity, therefore
itis needed to know the geographic extent of occurrence or range of individual species.

Verones et al. (2013) have spatially quantified freshwater species threats
including amphibian species. In their study, they have made global maps with a 5 arc
degrees (3 arc min) resolution of species richness and vulnerability using a vulnerability
score.Both maps have been made based onIUCN redlist data ofthreatened species (IUCN
2012a) and data about extent of occurrence of amphibians (IUCN 2012b). All currently
existing amphibian species that contained spatial data were used, altogether 6021. For
each species geographic range and information about the presence in the area, origin
(native, reintroduced, introduced, vagrant or origin uncertain) and seasonal occurrence
were used.

The species richness map was made by adding up individual species geographical
extents of distribution and species presence categories ‘extant’, ‘probably extant’ and
‘possibly extant’. The origin of species, or the difference whether species are native or
introduced was not considered.

For the amphibian vulnerability map a vulnerability score (VS) as indicator for

global extinction risk was calculated. The VS for a pixel j is calculated:

n TLi,j * EOOLJ

=1 ym F£0Q, .

_ j=1 L]
VS, = S

J

VS is a function of the extent of occurrence (EOO) as a predictor for susceptibility

to anthropogenicdisturbance as species with small range are intrinsically rare, and threat
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level (TL) indicating already occurring threats.VSis calculated for each amphibian species
i and each pixel j (3 x 3 arc min) as the area of the respective pixel where species occurs
divided by the total EOO of the species and multiplied with TL;;. TL are taken from [UCN
Red List of threatened species (IUCN 2012a) and represented as discrete values from 0.2
to 1 on a linear scale, where 0.2 - least concern, 0.4 - near threatened, 0.6 - vulnerable,
0.8 - endangered and 1 - critically endangered. Total VS; per pixel is obtained by summing
all values for all species i which occur in pixel j and dividing by the number of species

present in pixel j (S;) (Verones et al. 2013, Verones submitted)

3.3 Cash crop analysis

Cash crop analysis was done using FAOSTAT crop production and trade statistics
described previously in the chapter. To determine each country’s (index i) export
intensity for each of the crops (index c), the ratio between yearly production and yearly

export was calculated.

export quantity; .

Export intensity, ., =
p Yie = total production quantity;

Analysis was done for all countries with data in the FAOSTAT statistics and all crops,
which were matching data about the crop water consumption.

In the trade and production statistics of FAOSTAT a country can be an exporter
without producing the particular crop or export more crop quantity than it has produced
in the particular year. This occurs, either because of export from the country’s food
reserves, or when the country is a middle trading partner re-exporting agricultural
production with a foreign origin. In this study, in a case when a country’s production was
0, but export was reported, export intensity was set to 0 %. In case of reported production
quantity lower than the export quantity, all export intensities were set to 100%.

The final result of FAOSTAT cash crop analysis was a matrix (112 crops x 183
countries) showing the proportion of total crop production exp orted. This crop/country
matrix was used as an input in the Matlab program to calculate global maps of water
footprint embodied in cash crops. In Matlab altogether 112 datasets were made (for each
crop with exportintensity valuesabove 100%) showing what was the exportintensity for
particular crop in each of the 183 countries in the year 2000. As cash crop analysis was
done on a country level, exported water consumption reflects international trade of

commodities in 2000.
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3.4 Correlation analysis between scarce water exports and amphibian

biodiversity threats

The aim of the correlation analysis is to investigate the strength and patterns of

relationship between scarce water consumption of cash crops and amphibian species

threats. This was done by:

(1) Graphic analysis using scatterplots to investigate overall global relationship;

(2) Correlation maps to investigate spatial patterns of the relationship

It is emphasised that the results of analysis here suggest relationships and correlation,
not causes or explicit drivers. For this reason, specific historic data was chosen (year
2000) to empirically investigate whether there was a correlation between scarce
exported water and biodiversity threats in the year 2000 (not whether scarce water
exports are in general a cause of amphibian biodiversity threats).

The scarce and total water consumption of individual cash crops were calculated
in the Matlab program using resulted matrix from FAOSTAT cash crop analysis and blue
and red water consumption data from Stephan Pfister (Pfister etal. 2011a). All cash crop
water consumption datasets were summed to get the total scarce and blue water
consumption of all crops grown for exportin year 2000. Resulted Matlab matrixes were
used in graphic correlation analysis together with Matlab matrixes of amphibian species
richness and amphibian vulnerability level. To make correlation maps total exported blue
and scarce water datasets were georeferenced in Matlab (added coordinates so values

could be put on the global map) to be later used in ArcGIS.

3.4.1 Graphic analysis

Graphic analysis was done on a cell level, meaning that each pixel on a correlation
scatterplot denotes for a certain cell or place on the global map with an area of 5 x 5 arc
minutes (approximately 100 km? on the equator). Each of the pixels shows multiple
attribute values or variables such as exported water volume due to crop production
distinguishing between blue water (surface and groundwater) and red water (deficit or
scarce water), number of amphibian species and species vulnerability level. It was
decided to use only 2 dimensional scatterplots for clearer understanding of trends and

analysis.
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Figure 3.2. conceptually shows trends in global correlation plots if both proposed
hypothesis are approved. X-axes in the figures show water volume per area and Y-axes
show variation of amphibian biodiversity measures in response to changes in
consumptive water volume. In the graph to the left the number of species decreases when
more scarce water is exported from the same area. Graph to the right shows how species

vulnerability increases with increase in exported scarce water.

4 Number of 4 species vulnerability
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" scarce water " scarce water

Figure 3.2 Trends in global correlation plots if proposed hypotheses are approved. Graph
to the left shows hypothesis 1, graph to the left hypothesis 2.

In a correlation analysis of such a large scale, pixels on a correlation plotare so many that
they will overlap. This overlap needs to be analysed to what the patterns of global
correlation are. To see overlap of correlation points, density plots were made using

Matlab.

3.4.2 Correlation maps

Similarly, as in a scatterplot, the relation between cash crop water consumption and the
state of biodiversity can be shown also spatially using correlation maps. This way it is
possible to get an insight of what the spatial patterns of the correlation are and where on
the global map can we find ‘hotspots’.

To make correlation maps 3 input datasets were used: (1) total scarce water
consumption of cash crops, (2) amphibian species richness and (3) amphibian species
vulnerability level. To be able to make correlation maps, resolution of amphibian
biodiversity datasets were changed from 3 arc minutes to 5 arc minutes to match water
consumption datasets. This inevitably leads to aggregation and small changes in the
original data, which can be considered negligible considering the overall scale of the

study.
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Correlation maps were made in ArcGIS program using the georeferenced datasets
mentioned above. It was decided to categorize data to best visualize the correlation
between two different variables - set threshold levels (see table 3.1.).

Table 3.1 Chosen threshold levels for scarce water consumption data and amphibian

vulnerability and species richness. Threshold levels were used to show correlation in maps
between two different variables.

Variable Threshold levels that were used in correlation maps
Scarce water consumption due to | Below and above global average according to the
cash crop production dataset (7026 m3 of RED water);
Top 10% highest scarce water exporting areas
(calculated in Matlab)
Amphibian species richness (number | Below and over global average according to the dataset
of amphibian species) (14 species)
Amphibian species vulnerability | All areas with vulnerability level over 0.0001 were set
level as vulnerable (this level is over average globally)

Based on the correlation map analysis a particular area (Western Ghats in India) was
chosen to explore global results in a local context. It was essential that the chosen area
has significant scarce water consumption due to cash crops and is important are for

amphibian biodiversity/have threatened amphibians.

3.5 Limitations and assumptions

Before presenting and discussing results of the study, it is important to point out
assumptions and limitations of data and methodology described earlier in the section.

These are here drawn together to understand the implications on the analysis presented

in the next section of the study.

3.5.1 Data quality

Data with a global coverage inevitably leads to uncertainties, as is also the case here.
Uncertainties of yearly blue and RED water consumption datasets attained from
Stephan Pfister etal. (2011a) come both fromthe input data used (spatial datasets of crop
distribution, yields and global irrigated area) and assumptions in the methods later
applied to calculate these water footprints. Water consumption of crops can be calculated
based on optimal-irrigation conditions (for best estimated yields) and deficit irrigation
conditions (limited water availability). The difference between these two conditions can

be regarded as a measure of uncertainty of annual crop water consumption, and as

14



mentioned before in section 3.2.2, in this study arithmetic mean value of these two
conditions was used. RED water consumption values could be overestimated in countries
with large non-consumptive water use but good wastewater treatment. The reason for
this is that water use and not consumption was used to define how scarce water is and
degraded water is included in the water scarcity calculations (Pfister etal. 2011a).Despite
these limitations, datasets represent finest currently available information on water
consumption of agriculture on a global level.

FAOSTAT data represents the best available crop trade and production statistics
with a global coverage. Uncertainties can arise, however, due to misclassification of
commodities or weaker coverage of data reported by the national governments in form
of annual FAO questionnaires. Statistics could also be influenced by time lag due to
different exporting periods in different countries. To make the coverage as complete as
possible sometimes FAOSTAT supplements national statistics with data from unofficial
sources and makes corrections where reported data errors are obvious (FAO 2014).

The main limitation of amphibian species datasets is the number of amphibian
species included in the dataset (6285), which in reality is much higher, especially in
remote tropical areas. Similarly, it is often complicated to know exact range of species
therefore leading uncertainties. These are well known limitations of global biodiversity

data, however, the IUCN database provides most comprehensive data available today.

3.5.2 Methodological limitations

In this study only trade between countries is accounted for. In some large countries such
as China inner-trade of agricultural commodities can be considerable, but it is not
considered here. Data from year 2000 is used to investigate relationships between water
use and the state of amphibian biodiversity. In reality, effects of water scarcity on
ecosystems can sometimes be seen long time after the incident and therefore the use of
trend data on biodiversity change and scarce water use would be more appropriate. Due
to the limited availability of spatial data on crop water use, single year datasets were used
and this limitation is recognized in the study.

It is assumed that the impact of water consumption is equally divided within the
particular area where the crop is grown. Impacts outside ‘overlapping’ areas due to
downstream effects of surface water withdrawals or extensive groundwater pumping are

not considered.
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4 Results and discussion

This section consists of three main parts: export analysis, global correlation and
investigation of a particular territory - Western Ghats in India. Export analysis looks at
how much water was embodied in cash crops in year 2000 both in total and spatially
across the globe. Global correlation section tests two hypothesis proposed earlier looking
attwo widely used biodiversity measures - species richness and vulnerability level, to get
insights if cash crops and amphibian species do compete for scarce water. This is done by
overall correlation analysis and analysis of correlation maps to see spatial patterns across
the globe. Finally, the last section looks at an exceptional territory globally, i.e. - Western
Ghats in India. Firstly, it is generally interesting to explore global scale results in a local
context. Secondly, it is interesting to investigate, how high amphibian species richness
remain in areas with extremely high scarce water consumption and why are these species

highly vulnerable.

4.1 Exportanalysis

Results of this study show that in the year 2000 6.56E+10 m3 of scarce water was
consumed globally for cash crop production. This is around 30% of the total surface and
ground water (blue water) used in cash crop production meaning that close to every third
liter of water used in crop production for export can be considered as scarce. At the same
time this is only 8% of the total scarce water consumed due global crop production in the
year 2000 suggesting that majority of scarce water used in agriculture is used for crops

later consumed domestically.

Table 4.1 Results: global water consumption due to crop production.

Water
consumed, m3

Total scarce water embodied in export crops | 6.56E+10

Total blue water embodied in export crops 2.28E+11
Total scarce water consumption 8.74E+11
Total blue water consumption 1.77E+12

The only study to quantify scarce water flows in international trade on a global level has
been done by Lenzen etal. (2013). The study uses different methods and assumtions to

quantify virual water flows, and include animal grazing and industrial and domestic uses
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in the total water consumption (according to literature these uses should account
altogether for 20% of the total global water consumtpion). Water consumption has been
quantified using extended multi-regional input-output analysis with water consumption
data taken from the Water Footprint accounts by Mekonnen and Hoekstra (2011), and
water scarcity level distinguished on a country, not watershed level. Due to these
differences, results in this study are generally higher with estimated total blue water
consumption in year 2000 as 8E+12 m3 with 4.8E+11 m3 of scarce water being embedded
in traded commodities. Due to methodological differences described above, comparison
of total numbers with this study would be misleading. However, Lenzen et al. study gives
a good indication of major scarce water exporting countries.

Figure 4.1. shows spatial distribution of total exported blue and scarce (red) water
embodied in cash crops. Patterns of water consumption have large variations globally and
these differences increase when considering water scarcity. This confirms that it is
important to account for water scarcity in water footprint studies as this changes water
trade patterns significantly. In the lower map (RED) of figure 4.1. certain areas appear as
‘hotspots’ of scarce water use for cash crops such as India and Pakistan, North -East China,
central USA, Western and Southern Europe as well as certain areas in central Asia and
Middle East. These results compare well with the results from the study by Lenzen et al.
(2013) with top 10 scarce water exporting countries (from top down): India, Pakistan,
China, USA, Syria, Thailand, Egypt, Australia, Morocco and Spain.

When interpreting results for particular areas two limitations need to be taken into
account. Firstly, for some areas total exported blue and red water values can be
overestimated. The reason for this is some uncertainty of location of irrigation systems
and intensity of irrigation use. Secondly, in this study only trade between countries is
considered, as consistent global trade data is availible only on a country level. In reality
trade of agricultural production within large countries can be considerable. As an
example, a recent study shows that in China coastal provinces with cities like Shanhgai
and Beijing are relying on water intensive commodities produced in northern provinces
such as Xinjiang and Inner Mongolia contributing to water scarcity in these provinces
(Fengetal. 2014). Atthe same time, smaller and economically connected countries appear
as major scarce water exporters, for instance France in the EU. According to FAO statistics
(FAO 2014) France was among the top 4 largest exporters of wheat, maize and barley in

year 2000 (by quantity). However, most of the production was sent to other EU countries.
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Figure 4.1 Total exported blue water (BLUE) and total exported scarce water (RED) in year
2000, m3. Map values calculated using crop production and export data from FAOSTAT and
water consumption data from Pfister et al. (2011a)

In the RED water map we see that most countries in the tropics have low scarce
water consumption. In much of these areas, rainfed agriculture dominates and often little
or no irrigation is used. In addition, many developing countries are dependent on food
imports (FAO 2005) and have low crop productivity (yields of irrigated crops can be up
to 3 times higher).

Finally, results show that areas, which export most virtual water in form of cash
crops, are often generally scarce. This suggest that global trade do not follow a ‘rule’ that
water rich countries exportwater intensive crops to water scarce countries and in this
way alleviate global differences in water scarcity. This also suggests that cash crop
production may intensify water scarcity in already water scarce regions and therefore

add pressure on amphibian habitats there.
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4.2 Global correlation

4.2.1 Hypothesis 1: Areas exporting more scarce water due to cash crop

production have lower amphibian species richness

The first hypothesis tries to partly answer the research question of the study: Do cash
crops and species compete for scarce water? Amphibian species richness is used as one
measure of biodiversity following an assumption that areas with higher scarce water
consumption will have higher pressure onamphibian ecosystems and this will lead to less
amphibian species?.
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Figure 4.2. Global correlation between exported red (scarce) and blue water due to cash
crop production and amphibian species richness. Each dot on the correlation plot shows an
area on the global map. Density plots show overlap of correlation points, only values above 0 are
displayed in the graphs.

1 Water consumption data comes for year 2000 and it is assumed to be representative for a longer period as
water consumption in agriculture is not a subject of fast change and is increasing with growing food production and

irrigated land area.
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Correlation results show (figure 4.2, top graph to the left) a weak trend indicating that
areas with higher scarce water consumption have a lower number of amphibian species,
and amphibian richness is gradually increasing with the decrease of scarce water
consumption in cash crop production.

Meanwhile, there are large differences globally. An area with no scarce water
consumption can have around 40 amphibian species present, which is a high number
compared to the global average of 14 species. At the same time, another area can have the
same number of species while producing cash crops, which annually consumes more than
10 million m3 of scarce water. This suggests the importance of other underlying factors
on richness of amphibian species; such as climatic and environmental conditions, crop
type and crop production system among others.

Moreover, results show that species richness is especially high in areas where
there is no or very low scarce water consumption for cash crop production. There are no
areas in the world with high scarce water consumption and exceptionally many
amphibian species (>50). Whereas, in areas where very high amounts of scarce water is
used (around 20 000 000 m3 or more in year 2000) just some amphibian species live. In
the figure 4.2., graph to the left we can read this trend as values extending on top/very
close to the axes.

Lower graphsin the figure 4.2. show density of points in the correlation, important
as here thousands ofindividual areas are investigated. We can see thatin mostareas with
some agricultural activity, scarce water consumption is low. The number of amphibian
species has more variety but rarely extends amphibian richness of 40 species.

Furthermore, it is interesting to investigate potential differences between
correlation patterns of scarce and blue water. Figure 4.2. suggests that more amphibian
species live in areas producing blue water intensive cash crops than areas that use the
same amount of red water. From the correlation graphs this means that an area on the
global map which produces cash crops consuming 1 000 000 m3 of blue water annually
can hostup to 100 amphibian species but no more than 50 species if this water is scarce.

Correlation maps add the spatial dimension to the scarce water - amphibian
correlation discussed here and show the spatial patterns of the correlation (for ‘raw data’
maps see Appendix 1). The map below (figure 4.3.) shows the top highest scarce water
consuming areas globally (dark red colour) and areas with amphibian richness over the

global average of 14 species (green). We can clearly see that most of these areas do not

20



overlap. This means that in areas where scarce water intensive cash crops are produced
amphibian species richness is generally low. Many of the high scarce water consuming
areas are arid like Central Asia, Middle East and large part of Australia and naturally have
lower amphibian richness than in wet tropical regions. This suggests that one of the
reasons why there are lower amphibian richness in scarce water consuming areas (seen
in the correlation graphs before) is that most of these areas are located in arid regions

naturally having less amphibian species.

e

A

|:| Amphibian species richness over global average (>14)
- Top 10% highest scarce water consuming areas

Figure 4.3. Areas producing cash cropsleadingto very high scarce water consumption (top
10% highestconsuming areas) and areas with amphibian species richness over average.

From this, we can conclude that when considering purely species richness and no
other biodiversity aspects as abundance or species threat level, scarce water intensive
cash crops do notcompete with amphibian biodiversity. Trade-offs to amphibians in areas
producing water intensive cash crops in most cases will not be massive on a global scale
if production is continued in the present agricultural areas. As there are not so many
amphibian species present now, not many amphibians can be lost in the future due to
scarce water consumption for cash crops.

In spite of this general trend, there are many variations globally. To illustrate this
figure 4.4 shows areas with high scarce water consumption and the amphibian species
richness in these areas. Maps show that areas growing cash crops with high scarce water
consumption can have 1) no amphibians (areas in orange), 2) low amphibians species
richness, here, species richness under average (areas in green) and 3) high amphibian
species richness, here, species richness over global average (areas in pink). Difference
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between the two maps is threshold level chosen for scarce water consumption. The upper
map (A) shows areas with 10% highest total scarce water consumption, whereas map
below (B) coverslargerarea - all cash crop growing areas with scarce water consumption

over global average level or over 7025 m3 in year 2000.
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Figure 4.4. Areas with high scarce water consumption due to cash crop growing and
amphibian species richness in these areas. A: areas with 10% highest total scarce watei
consumption, B: areas with scarce water consumption over the global average.
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Central Asian countries Uzbekistan, Kyrgyzstan, Tajikistan and Turkmenistan are
one of the most scarce water intensive cash crop producing areas globally (see areas in
orange). In these countries up to 90% of all water withdrawals are used in agriculture,
notably cotton production (WWAP 2012). Raw cotton is the most important agricultural
export commodity earning from more than 40% of exportincome in Uzbekistan, to 7% in
Kyrgyzstan in year 2000 (FAO 2014). At the same time we can see that cotton production
do not compete with local amphibian biodiversity in this area simply as there are no
amphibians. In this study it is notinvestigated whether amphibians have been lost in the
past due to water abstraction. However, according to IUCN Red List none of the recorded
38 amphibian species extinctions are recorded in Central Asia (IUCN 2012a).

Maps show that with an increase in scarce water consumption, smaller proportion
of areas have amphibian richness over average. In map B most areas in pink are classified
as water abundant or having little or no physical water scarcity according to the UN
(WWAP 2012). These include Southeast USA, Brazil, Eastern Australia, Western Europe
and most pink areas in Africa. With increase in scarce water consumption (map A) most
of these areas disappear.

In the map A some ‘hotspots’ come out where area sustain amphibian richness over
global average and at the same time large amounts of scarce water is consumed to grow
cash crops. Most of these areas are in South Asia, especially India. And one may ask
whether many amphibian species can live in these areas because of crop systems that
provide good habitat to many species and other favourable factors? Or are these diverse
amphibian communities more threatened than in areas with lower pressures from scarce
water consumption? These questions cannot be investigated looking at species richness
alone. Therefore, discussion is continued with investigation of another biodiversity
metric - vulnerability level of amphibians describing the potential risk of global extinction

of species.

4.2.2 Hypothesis 2: Areas exporting more scarce water due to cash crop

production have higher overall amphibian species vulnerability level

Vulnerability score reflects the overall likeliness of amphibian community in an area to
become endangered or extinct. This measure is composed of data about extent of

occurrence and threat level of individual amphibian species.
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Even though we might expect that the vulnerability level of amphibians living in
areas with high scarce water consumption will be higher, results suggest that globally this

is not the case, therefore disproving the hypothesis 2.
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Figure 4.5. Global correlation between exported red (scarce) and blue water due to
cash crop production and amphibian species richness. Each dot on the correlation plot shows
an area on the global map. Density plots show overlap of correlation points.

According to the global correlation presented in graphs (figure 4.5., see top graph
to the left), amphibian communities with vulnerable species reside in areas with very low
intensity of scarce water use for cash crops or no production at all. Furthermore, areas
with high red water exports have amphibian species with low vulnerability level (high
values close to the axes).

The graph with density of points shows that even though the level of amphibian
vulnerability in most areas is low (comes from the development of this biodiversity
measure), with an increase of scarce water consumption vulnerability in most areas
decreases. At the same time there are many variations globally represented by the vast

dark area of the density plot.
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So what could be the reasons for areas with high scarce water exports having
amphibian species with a low vulnerability level? One answer could be that in areas with
high intensity of agriculture, robustamphibian species with high tolerance of changes in
water availability are left. In contrast, vulnerable amphibian species could be more
sensitive to changes in their habitats and have disappeared from areas producing scarce
water intensive cash crops (prior depletion). Even more, the small tolerance of vulnerable
communities (high vulnerability scores close and on top of the axes in the top left graph,
figure 4.5.) suggest that often it does not matter how scarce water intensive agriculture
is. Land-use change from natural habitats to croplands which is a substantial cause for
biodiversity loss in general (Newbold etal. 2015) could be the overlining reason for more
robust amphibian species to remain and vulnerable ones to disappear from the area.

A comparison of red water and blue water correlation graphs shows that while
vulnerable amphibians tend not live in areas with high scarce water consumption, there
are more areas globally with high blue water consumption, such as over 1 million m3 and
vulnerable amphibians. There are also more variations of the relation blue water
consumption - amphibian vulnerability meaning that vulnerable amphibians live in areas
with no blue water consumption as well as in areas with low, and high blue water
consumption for cash crops.

Correlation map showing amphibian vulnerability level vs. scare water
consumption for cash crops can be seen in the figure 4.6. below (for ‘raw data’ maps see
Appendix 2). It shows the main trend of relation between the two variables discussed
earlier as well as exceptions. All coloured areas in the map are where vulnerable
amphibian communities are located.

Distribution of vulnerable amphibians largely follow the location of areas with
exceptional concentrations of endemic species and exceptional loss of habitat, or so called
“biodiversity hotspots” (Mittermeier et al. 1998, Myers et al. 2000). As we can see, most
of these areas have low scarce water consumption reflecting the major trend from the
correlation graphs that most areas with vulnerable amphibians do not have scarce water

intensive agriculture. At the same time, there are exceptions (areas in red and orange).
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Areasin red and orange (figure 4.6.) are exception from other areas globally and
follow the second hypothesis proposed. We can highlight 5 ‘biodiversity hotspots’ with
high scarce water consumption: Western Ghats and Sri Lanka in South Asia, Western
Ecuador, Mesoamerica covering Central America and some areas in California Floristic
Province and Caribbean.

In the previous section, areas having both high amphibian species richness and
high scarce water consumption were identified (see figure 4.4.). It was asked, what is the
vulnerability level of amphibians in these areas? When comparing correlation maps of
species richness and vulnerability level, only one biodiversity hotspot comes out -
Western Ghats and Sri Lanka. According to the results, this area in India and Sri Lanka,
which has high amphibian diversity, was one of the top exporters of scarce water
embodied in cash crops. These amphibians are also vulnerable.

What are the reasons for this exceptional relation between scarce water intensive
agriculture and amphibians in this particular area? In the following section this will be

investigated by looking at the Indian part of the ‘hotspot’, Western Ghats.

4.3 Investigating exceptions: Western Ghats, India

Western Ghats is a mountain range located along the Western coast of India extending
from the Tapti river in the north until Tamil Nadu in the south (around 1490 km long and
48 - 210 km wide). It is recognized as one of the 25 biodiversity hotspots in the world
(Myers et al. 2000, Molur et al. 2011). Approximate locations of the biodiversity hotspot
can be well seen as the amphibian rich area on the West coast of India in the map B and
coloured area with vulnerable amphibians in the map C (figure 4.7.). As found from the
global correlation analysis, it is an exceptional territory globally for several reasons

summarised as following:

(1) Western Ghats has exceptional amphibian species richness, and most
amphibian communities in the area are vulnerable;
(2) India is one of the countries exporting most scarce water embodied in cash

crops and one of most intensive scarce water consuming areas are within

Western Ghats.
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Figure 4.7. Scarce water exportand amphibianbiodiversity maps of India. A: total exported
scarce water in India due to cash crops in year 2000. B: amphibian species richness in India,
reproducing data from Verones et al. (2013), and C: areas in Southern part of India with high
amphibian vulnerability (area along the W coast is the location of Western Ghats). Colours show

the level of scarce water consumption in these areas.

Therefore,according to the results of this study, it is the largest area globally where
3 variables are present: high scarce water consumption, high amphibian species richness
and high vulnerability level of amphibian species.

Figure 4.8. shows the correlation between scarce water exports and amphibian
biodiversity variables in India. It is interesting to see areas having considerable species
richness and vulnerable amphibians while consuming huge amounts of scarce water to
grow cash crops. This does not follow the major trends of global correlation between

these variables. Most of these ‘exception’ areas are in Western Ghats.
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Figure 4.8. Correlation between exported red (scarce) water due to cash crop
production and amphibian species richness (leftgraph) and amphibian vulnerability level
(right graph) in India. Each dot on the correlation plot shows an area in India.

Western Ghats is one of the most fragmented and densely populated hotspots, and
most of the natural forest vegetation has been cleared to make space for agriculture. At
the same time, Western Ghats has at least 121 species of amphibians, 78% of them
endemic (Ranjit Daniels 2003). The areais mountainous and receives heavy precipitation,
however, only small quantities of water remains in headwater basins due to steep slopes.
Agriculture in many valleys is supported by irrigation using surface waters from rivers as
well as groundwater. Irrigation has increased crop yields in the area but has also caused
disparity in water availability between irrigated and non-irrigated areas (Naik et al.
2003).

Results show that scarce water consumption due to cash crop growing is high in
the Western Ghats area with extremely high scarce water footprint in the southern part.
Various crops are grown but the three leaders are coffee, tea and rice. From these crops,
most scarce water is consumed by coffee. One explanation of this is that coffee plants
generally need large amounts of water. Usually, plantations gets enough water from
precipitation (like in South America). In India, however, rainfall pattern is defined by the
monsoon and 4 to 5 months coffee trees are under drought conditions and are irrigated
to secure high yields. This leads to high consumption of surface and ground water.
Secondly, according to the cash crop analysis, coffee was the most exported food
commodity in India in year 2000 (55% of coffee beans were exported), followed by
different spices as pepper and nutmeg and tea with exportintensity of 24%. At the same

time, large amounts of food crops in India are used to feed domestic population, and only
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1% ofrice was exported in year 2000 leading to low contribution ofrice in the total scarce
water footprint of Indian cash crops.

So how can so many amphibian species remain in Western Ghats in areas with
scarce water intensive agriculture? Are these amphibian species vulnerable because of
scarce water abstraction from their habitats in favour to agriculture? The answer to these
questions are undoubtedly complex, but several studies provide relevant explanations.

Canopy cover is the most important factor determining amphibian richness and
abundance in Western Ghats (Balaji et al. 2014). Forests are highly fragmented and
shaded plantations of coffee gives refuge for forest biota and act as corridors sustaining
connectivity between patches of forest (Anand etal. 2010). High amphibian diversity can
be found also in tea plantations in Western Ghats (Ranjit Daniels 2003), and rice fields
and irrigation channels have been recognized as important habitats for amphibians in
areas where wetlands have been converted to agriculture (Duré etal. 2008, Maltchik et
al. 2011). Vulnerability of amphibians in Western Ghats hotspot comes mostly from the
small ranges of endemic amphibians. Patchy distribution of amphibian species could have
evolved because of forestloss (Ranjit Daniels 1992), partly caused by expansion of coffee,
known to be grown on previously forested areas (Donald 2004). Pollution could also
potentially contribute to the threatlevel of amphibians, but the impact of pollution from
agriculture in Western Ghats is still not clear. Abnormalities in frogs have been found in
coffee and rice plantations in the Western Ghats (Gurushankara etal. 2007). At the same
time, another study (Ranjit Daniels 2003) found high amphibian diversity without
abnormalities in tea plantations known for heavy pesticide use.

When looking at all these aspects, we are able to conclude that some agricultural
systems can play an important role in sustaining amphibians, including vulnerable
amphibian communities. In highly fragmented and deforested Western Ghats coffee and
tea plantations can give refuge to amphibians. It is also important to note here that
amphibians are not always deprived from water when water flows are diverted from
natural habitats to agriculture. The irrigated rice fields are a good example of valuable
habitats to many amphibians. At the same time water abstraction in Western Ghats,
source of many rivers in India, can potentially influence downstream regions with less
precipitation as well as deplete groundwater resources. These effects are not considered
in this study, but should be taken into account in the future research investigating the link

between scarce water and amphibian biodiversity.
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5 Conclusions and outlook

The aim of this study was to investigate a part of the complex water-food-biodiversity
puzzle by answering the question: Do cash crops and species compete for scarce water?
To do so the correlation between scarce water use in cash crop production and the state
of amphibian biodiversity was examined.

There is an overall global tendency that scarce water intensive cash crops are
produced in areas where low number of amphibian species live, and therefore cash crops
if continuously grown in these areas will not compete with amphibian richness.
Furthermore, possibly because of more advanced prior depletion, cash crops do not
compete with vulnerable amphibians, which live in areas with minimal or no cash crop
production at all.

However, there are exceptions globally where scarce water intensive cash crop
production, rich amphibian diversity and vulnerable amphibians coexist. Cash crops may
notonly deprive amphibians from scarce water resources, but also in some areas play an
important role in giving home to amphibians where their natural habitat is lost.

Although no causallinks are established, this study can suggest potential hotspots
for further local investigations looking at the relationship between water scarcity and
biodiversity. For improving future analysis, downstream effects of water consumption
should be accounted for and trend data used to see scare water consumption versus

biodiversity changes over time.
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APPENDIX 1
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Figure A.1 A: Amphibian species richness based on data from
Veronesetal. (2013) and B: exportedred (scarce) water across the globe
in year 2000.
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APPENDIX 2
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Figure A.2. A: Amphibian vulnerability level based on data from Verones et al.
(2013) and B: exported red (scarce) water across the globe in year 2000.
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