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Abstract: In the highly populated and diverse tropics, conservation
in relatively pristine habitats is important but clearly inadequate for
sustaining the earth’s biological diversity. Agro-forestry systems such
as shade-coffee plantations that incorporate arboreal vegetation are
known to be more resilient for biodiversity conservation than other
more drastic land transformations. We evaluated amphibian richness
and diversity in 15 coffee plantations from three different regimes;
organic coffee plantations, NPK coffee plantations and pesticide use
coffee plantations in Kodagu District, Western Ghats, India. We treated
five sacred groves as control region (CR) and sampled them using a
combination of standardized visual and acoustic transect sampling.
The sacred groves that were characterized by natural vegetation
showed the highest richness and abundance of amphibians among
the four regimes. In organic coffee plantations, overall abundance and
richness of amphibians was significantly higher compared to NPK coffee
plantations. On the other hand, ampbhibian richness and diversity in
pesticide use coffee plantations were significantly lower compared
to all other regimes. The results of the study clearly indicated that,
the difference in habitat variables in coffee plantations and use of
different treatments for pest control had a significant effect on the
species richness and abundance of amphibians. This study highlights
the great potential of sacred groves and organic coffee plantations as
complementary habitat for the conservation of amphibians.

Keywords: Agro-forestry, conservation, organic, pesticides, sacred
groves, shade coffee.

In a matrix of human-modified habitats showing
multiple land use types, forest reserves are increasingly
becoming isolated islands. These human modified
landscapes are taking over the native forest and now
form a significant amount of the earth’s land surface
(Bali et al. 2007). In the highly populated and diverse
tropics, conservation in relatively pristine habitats is
important but clearly inadequate for sustaining the
earth’s biological diversity (Janzen 1998; Daily et al.
2003). Agro forestry systems or plantation crops that
incorporate arboreal vegetation are known to be
more resilient for biodiversity conservation than other
more drastic land transformations (Dolia et al. 2008).
Therefore, prospects of conservation in structurally
complex habitats like these should be given preference.
Natural-shade coffee plantations are one of the classic
examples of such a system (Perfecto et al. 1995, 1996;
Moguel & Toledo 1999; Rice & Greenberg 2000; Kapoor
2007; Dolia et al. 2008).
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During the last century, the Western Ghats, a
biodiversity hotspot (Myers et al. 2000) in peninsular
India (Fig. 1) had undergone massive fragmentation
due to multiple anthropogenic pressures. The southern
Western Ghats were once characterized by vast expanses
oftropical rainforest, but are now strewn with plantations
of Tea Camellia sinensis, Coffee Coffea species, Rubber
Hevea brasiliensis and Cardamom Elettaria cardamomum
(Daniels et al. 1990; Chandran 1997). This has resulted in
an approximately 40% loss of the natural vegetation and
a four-fold increase in the number of forest fragments
in the Western Ghats (Menon & Bawa 1997). Coffee
plantations covering an area of approximately 3,500km
are one of the major competitors for land in the Western
Ghats (Ninan & Sathyapalan 2005). The effects of tropical
forest fragmentation and the biodiversity value of shade-
grown coffee have been explored for various taxa such
as mammals, plants, birds (Turner 1996; Perfecto et al.
1996, 2003) and insects (Perfecto & Vandermeer 2002).
Studies on the effects of coffee agro-ecosystems on
amphibians are limited, and have been mainly restricted
to inventories in Central and South America (Pineda &
Halffler 2004; Pineda et al. 2005). There has been a
paucity of ecological research on amphibians, which
is surprising given the fact that they are diverse and
abundant, easily sampled and functionally significant.
The ways in which they interact with their biotic and
abiotic environment can reflect ecological changes (Noss

Amphibian communities in coffee plantations Rathod & Rathod

1990; Hill 1995) and therefore this group is promoted
as a strong bioindicator of environmental stress (Carey
& Bryant 1995; Welsh & Ollivier 1998; Blaustein et al.
2003).

Coffee was introduced in India in the 1740s and since
then it has been grown extensively by replacing the large
native patches of wet-evergreen, mid elevation and
moist deciduous forests in the southern Western Ghats
which have been known to harbour extremely diverse
endemicamphibian fauna (Daniels 1992; Das et al. 2006).
In contrast to the clear felling followed by plantations
of monoculture coffee in Central and South America,
plantations of coffee and cardamom in the Western
Ghats involve clearing of only the undergrowth leaving
most of the native trees (canopy cover) intact. However,
in recent years these native trees are gradually being
replaced by the exotic, fast growing Silver Oak Grevillea
robusta for economic benefits (S. Biju pers. comm. June
2012). This conversion from traditional to modern coffee
cultivation has been considered a significant driver of
biodiversity loss (Rappole et al. 2003).

Shade-coffee plantations in the southern Western
Ghats fall under three different regimes:

(a) Organic coffee plantations (OCP’s) follow
standards and techniques that prohibit the use of
herbicides, fertilizers and pesticides. This practice
manifests the protection of crops against diseases at
an ecological level by stimulating the natural defences

Karnataka

Study area in Kodagu

40k

Cultivated
landscape

Forest
reserve

.
Kodagu

I."
\

Western Ghats

Image 1. The study area in Kodagu District, Karnataka. (Map adapted from Bhagwat et al. 2005). Sampling sites were located in the cultivated

landscapes of the district.
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of plants themselves and through natural predation of
pests wherein the native plant species are colonized by
parasitic insects and play a significant role in controlling
pest population. This practice also incorporates socially
responsible activities such as environmental protection,
recycling, and soil health.

(b) NPK coffee plantations (NCP’s) use nitrogen (N),
phosphorus (P) and potassium (K) that are commonly
used in fertilizers. They also use fungicides like Bordeaux
mixture, which is a combination of copper sulphate and
hydrated lime.

(c) Pesticide using coffee plantations (PCP’s) use
pesticides such as chlorpyrifos, diazinon, disulfoton,
methyl parathion, triadimefon, cypermethrin etc., for
controlling major pests and pathogens. Locally these
pesticides are sprayed no less than twice a year, in winter
and post-monsoon.

(d) We sampled sacred groves as a control region
(CR) for the current study. Sacred groves are patches
of native forest that are interspersed among coffee
plantations. These groves are patches of intact natural
vegetation that are maintained by local communities
where activities like hunting, logging or any kind of
habitat modifications are strictly prohibited (Viswanath
2003).

Pesticide using coffee plantations make use of
large amounts of pesticides to prevent damage from a
multitude of pests (e.g., white stem borer, berry borer)
and diseases (e.g., leaf rust and black rot) along with
intensive shade lopping. Craves (2011) reports that,
even though many chemicals that have been found to
be harmful to the environment have been banned or
are strictly regulated in the United States of America
or Europe, they remain legal to be used in many less
developed countries that grow coffee. These practices
pose a serious threat to the existing amphibian fauna
in the region (Gurushankara et al. 2007). Ampbhibians
with their highly sensitive skin, bimodal life, complex life
history and varied reproductive strategies (Lips 1998),
tend to be highly susceptible to chemical contaminations
(Pogorzeiska et al. 1982; Harris et al. 1998; Schiesari
et al. 2007). The effects of environmental pollutants,
particularly pesticides on amphibian communities have
been of significant conservation interest for the past few
decades. The responses of amphibian species can be
strong but at the same time different to varying degree
of landscape fragmentation and chemical pollutants like
pesticides. For example, a preliminary investigation by
Daniels (2003) suggests that despite the apprehensions
about possible environmental contamination, tea
estates tend to support a reasonably high diversity of
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amphibians in the southern Western Ghats. Hence, a
thorough understanding of their responses to habitat
modifications is indispensable for their long term
conservation. The major aim of this study was to assess
the effects of three different coffee plantation regimes
on amphibian communities. The specific questions
addressed were:

(a) Does the use of different regimes influence the
species richness, relative abundance and community
composition of amphibians in coffee plantations?

(b) Are some species affected more disproportionately
than others?

(c) What other factors possibly influence amphibian
assemblages in coffee plantations?

Materials and Methods

Study site

This study was conducted in June—July 2011 in
Kodagu District (11°56’-12°52’N & 75°22’-76°11’E) of
Karnataka State, in the Western Ghats, India. Elevation
of Kodagu ranges from 900 to 1750 m, and the area
receives intense rainfall in the months of July and
August. The annual rainfall ranges from 1500-4500
mm and is highly variable due to the topography of the
region. Temperature ranges from 11-28 °C. During
the sampling period, monsoon had already set in and
there was heavy rainfall throughout the study. Data was
collected from coffee plantations and sacred groves
that are spread across Kodagu District. Coffee was
intercropped with Cardamom Elettaria cardomomum,
Vanilla Vanilla planifolia and Pepper (Piper species).
Shade-grown coffee plantations occupy approximately
60% of the landscape in Kodagu (Bhagwat et al. 2005).
Ficus glomerata, Artocarpus integrifolia, Erythrina
lithosperma and Albizia lebbeck are some native tree
species commonly used as shade for coffee. However,
these native species are being increasingly replaced by
Silver Oak (S. Goel pers. comm. July 2011). We selected
15 coffee plantations and five sacred groves as sampling
units.

Coffee plantations

The coffee plantations ranged 30-200 acres in area and
fell within altitudes ranging 800-1200 m. A quadrate of
80x50 m was placed using a rope in each plantation in
order to incorporate maximum microhabitats used by
ampbhibians. A combination of visual encounter surveys
(VES) and acoustic encounter surveys (AES) (Rodel
& Ernst 2004) were conducted within each quadrate
in order to estimate amphibian species richness and
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species composition of the local assemblage. In order
to avoid confounding effects due to edge, each quadrate
was set at least 50-80 m from the edge. Each survey
was carried out for a period of 120 minutes (excluding
the time for identification), 1800-2000 hr in order to
estimate amphibian abundance per unit time.

Sacred groves

The vegetation in sacred groves was dense and
predominantly moist-deciduous with tall trees that
formed the canopy. This was unlike coffee plantations
that are short and hence amphibians could be visually
detected. To overcome this problem we used a
combination of standardized visual (SVTS) and acoustic
(SATS) transect sampling (Rodel & Ernst 2004). A
100m transect was surveyed in each sacred grove and
amphibian calls within 5m on either side of the transect
were recorded in addition to the individuals visually
encountered on the ground. Transects were walked

Table 1. GPS locations and regimes of the 15 coffee plantation sites.

Estate No. Estate Name Regime | GPS Locations
1 s::l'g;"ze“ Retreat OCP | 1202724”N & 75%3'48"E
2 5::{:;;6“ Retreat OCP | 12927'34"N & 75%4'24"E
3 Benny Estate ocp 12°28'31”N & 75°45'36"E
4 Emanual Estate ocpP 12°27°30”N & 75°49'7"E
5 Ludwik Estate ocpP 12°26'8”N & 75°44’46"E
6 Sandel Kad Estate PCP 12°26'4”N & 75°45'13"E
7 School Estate pPCP 12°25'59”N & 75°45'36”E
8 Rajeev Estate pPCP 12°25'21”N & 75°49'29”E
9 Jyoti Estate pCP 12°29'49”N & 75°44’'41"E
10 Vrindivan Estate PCP 12°29'16”N & 75°45'8"E
11 Utthapa Estate NCP 12°29'58”N & 75°44’14”E
12 Kavery Estate NCP 12°28'20”N & 75°46’18”"E
13 Quality Estate NCP 12°27'1”N & 75°41'20"E
14 Shivappa Estate NCP 12°28'23”N & 75%42'18"E
15 Muthanna Estate NCP 12°27°2”N & 75°43'37"E

Table 2. GPS locations of the five sacred groves (control regime)

Sacred grove no. GPS location
1 12°25'32”N & 75°42'47"E
2 12°25'28”N & 75°41’50”E
3 12°27'59"N & 75°44'35”E
4 12°23'34"N & 75°45'24”"E
5 12°25'20”N & 75°46’19”E
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between 1800 and 2000 hr with sampling duration of
120 minutes to estimate amphibian abundance per unit
time. All observations were made by two observers
assisted by a field assistant. All micro-habitats such
as foliage, branches, tree barks, twigs, leaves were
carefully scanned. Leaf litter was thoroughly searched
and occasionally shifted and amphibians dispatched
from the litter were included in the sample.

Taxonomy

Amphibians were identified to the genus and species
levels using identification keys provided in Daniel (2002),
Biju & Bossuyt (2005, 2006, 2009), Biju et al. (2011),
Kuramoto et al. (2007) and Zachariah et al. (2010, 2011).
Individual amphibians that could not be identified on
site were caught, identified and subsequently released
in the same quadrat.

Microclimatic variables

We measured maximum and minimum air
temperature and humidity at the start of sampling each
quadrate with a digital max/min thermo-hygrometer.
Location of each sampling unit (quadrate in each
plantation) was recorded using a GPS (Garmin eTrex
Vista HCx) (Tables 1 & 2).

Analysis

Exploratory data analysis was performed using SPSS
version 18.0 (SPSS 2009). Parametric statistical tests such
as one-way analysis of variance (ANOVA) were used to
see if species richness and abundance differ significantly
across the four regimes. Diversity of amphibian
assemblages was measured with the Shannon-Wiener
index (H) and its respective evenness (E,). Using ANOVA,
we compared the calculated H-values and E —values for
the four regimes.

Results

A total of 594 amphibians belonging to 22 species
were recorded during this study. We recorded 377
amphibians using a combination of VES and AES in 30
hours of quadrate sampling in 15 coffee plantations and
217 amphibians using a combination of SVTS and SATS in
10 hours of transect sampling in five sacred groves. Out
of these, 19 species were recorded from organic coffee
plantations, 15 species from NPK coffee plantations, 13
from pesticide using coffee plantations and 15 species
from sacred groves (Table 3).
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Figure 2a—d. a - Mean species richness of amphibians across sites; b - Mean abundance across sites; c - Diversity index across sites;

d - Evenness index across sites.

Amphibian species richness and abundance

Amphibian species richness was significantly different
in organic coffee plantations and NPK coffee plantations,
and the same way between organic coffee plantations
and sacred groves (F3,15= 8.105, P<0.002) (Fig. 2a).
Moreover, abundance of amphibians was influenced by
the regimes as there was a significant difference in the
values between plantations (F,. =26.443, P<0.001) (Fig.
2b and Fig. 3).

3,16

Shannon-Wiener Diversity Index

Figure 2c represents Shannon’s diversity index (H).
The results indicate that there is a significant difference
in the diversity across the four regimes (F3,16 = 12.165,
P<0.001). The results of Shannon’s evenness index (E,)
was statistically insignificant (F3l16 = 1.957, P<0.161)
indicating that individuals in the community are
distributed equitably among the species across the four
regimes (Fig. 2d).
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Discussion

The current study was an attempt to understand
species community level patterns of amphibians within
three different coffee growing practices. The results of
this study clearly indicates that the difference in habitat
variables in coffee plantations and use of different
treatments for pest control had a significant effect on
the species richness and abundance of amphibians.
Species richness and abundance was highest in organic
coffee plantations and decreased in NPK and pesticide
using plantations. We observed a high diversity of
native rainforest trees in organic coffee plantations. NPK
coffee plantations on the other hand, consist of mixed
canopy of native and exotic trees such as Maesopsis
eminii, Bischofia javanica, Spathodes campanulata,
Erythrina lithosperma, Ailanthus integrifolia and Ficus
spp. However, pesticides using coffee plantations were
dominated by exotic monoculture of silver oak trees
resulting in decreased canopy cover. Decreasing canopy
cover resulting in higher temperatures, decreasing
atmospheric humidity and increasing wind velocity
(Saunders et al. 1991; Murcia 1995; Pineda & Halffter
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Table 3. Presence-absence data for all the recorded species across
three different coffee plantation regimes and control region (Sacred

groves).
Species IUCNRedList | p | pep | ncp | cR
status
Bufonidae
1 Duttaphr){nus Least Concern 1 1 1 1
melanostictus
2 Dut'ta‘phrym{s Critically 1 0 0 0
penninsularis * Endangered
3 Durtaphrynus Least Concern 0 0 1 0
stomaticus -
o
Dicroglossidae E
o
©
4 f-{oglobatrachus Least Concern 1 0 0 0 @
tigrinus &
5 | Zakerana sp. Data Deficient 1 1 1 1 O
Microhylidae
6 | Microhyla ornata Least Concern 1 1 1 1
7 quanel/q Vulnerable 1 0 1 1
triangularis *
Nyctibatrachidae
g |Nyctibatrachus Data Deficient | 1 0 1 0
kemphloyensis
Ranidae
Clinotarsus Near
° curtipes * Threatened 1 ! ! !
Hylarana Near
10 temporalis Threatened 1 ! ! !
el
Rhacophoridae £
(T
o
11 Polypedates Least Concern 1 1 1 1 e
maculatus £
Polypedates ) %
12 | occidentalis * Data Deficient 1 0 0 1 ©
(Image 1) i
Image 2. Raorchestes acroparallagi from Kodagu, Western Ghats.
Raorchestes
13 | acroparallagi * Data Deficient 1 1 1 1
(Image 2)
14 | Raorchestes anili * | Least Concern 1 0 0 0
15 Raor'che:tes Endangered 1 1 1 1
charius
16 | Raorchestes Vulnerable 0 1 1 0
glandulosis *
Raorchestes
17 | luteolus * Vulnerable 1 1 1 1
(Image 3)
Raorchestes Critically
18 ponmudi * Endangered 0 ! ! !
Raorchestes - G
o
19 tuberohumerous * Data Deficient 1 1 0 1 -
o
20 | Raorchestes Data Deficient | 1 1 1 1 <
wynaadensis S
Rhacophorus Q
jc *
21 :7::;;254) Endangered 1 0 0 0 Image 3. Raorchestes luteolus from Kodagu, Western Ghats.
22 Rhacophgrus* Least Concern 1 0 0 1
malabaricus

* - Endemic to Western Ghats; 1 - present; O - absent.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 May 2013 | 5(9): 4404-4413 4409



Rathod & Rathod

0 Abundance in NCP

snoJawnyoiagny Y
jiuo y
& snonpwoss g
W suoinbuoLy -y
snubg ‘H
supjnsuiuuad ‘q
N 5/susfojydway ‘N
I s//pJ0dwa) "H
. 0;0u.0 W
SI/DIU3PI2I0 o

I Abundance in CR

I, 5110./2WNY019GN} Y
oy
snapwols ‘g
W s.pnbuply Y
snupby "H
supjnsujuuad *g
sisuafojydway "N
s s/piodwa) ‘H
N 0;0u.0 Y\
N S//01U3p1220

I 5N)0/N2DW o I S110[NODW o
SIp4a10] °Y SIEY]
snoLipgoipw *Y I 50/./0qD|0W Y
@ pnwuod 'y . pnwuod (Y
I S/SUSPOOUAM Y N, S/sUopDouAM Y
@ snuoys -y . S77//040 Y

Amphibian communities in coffee plantations

20

H Abundance in OCP

W s/sojnpup|b 'y
e /60//010d0.12D Y
I S1/031N] Y
EEE— ]S 0uD.12)Y07

I S9d131n0 D
I SN101Soubjaw g

O 0 VW < N O
—

@ snosawnyoiaqny 'y
= oy
snopobwois ‘g
o supnbupliy 'y
= snuuby ‘H
# supnsuuuad g
| sisuahojydway N
& sypiodwal ‘H
= pjoui0 ‘W
= sypjuapid0 o
= snojnoow o
I s//01330] Y
== snoLoqojow Yy
Ipnwuod “y
1 sisuapooulm Yy
&= snupbyo -y
sisojnpup|b 'y
' 60)j010d0.1OD "y
snjoain| 'y

-
e ds oupJaypz
_

sadyana )
= snppsouvjaw ‘g
o

15

30

B Abundance in PCP

sisojnpup|b "y
M /60)/0i0d0JoD Y
. 517/091N] Y
N ‘s DUDI2)DZ
N 50013/n0 D
. 5n100s0upjPW g

o wn o
—

25

o wn
~ —

SN sno.owny0iagng Y
nuo -y
snaowos 'q
sLpnbuply Y
snulby "H
supjnsujuuad *q
sisuafojydway ‘N
. s//piodwal ‘H
@ pioui0 W
SI|DIU3PIII0 o
I SN10[N2DW o
BIENY
sn211DgDIOW “Y
@ pnwuod 'y
I 5/5USpDOUAM "y
W snubyo Yy
W sisojnpupib -y
I /60//0.0d0.100 "y
A 51/051N] Y

e s 0uD12Y07

o0
—

I 500170 )
S 5n10150UD/AW ]

< &N O o W < N O
- =

Figure 3. Abundance of amphibians across three different coffee plantation regimes and control region.
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Image 4. Rhacophorus lateralis from Kodagu, Western Ghats.
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2004) which could account for the decreased species
richness and abundance. The humidity levels recorded
during the current study show a decreasing trend as we
go from OCP to NCP and PCP. Humidity levels in OCP and
CR were almost comparable. However, the decline is not
very pronounced; hence it will be difficult to draw any
conclusions (Fig. 4).

Species composition often varies across different
land use types and regimes and species that require
specific ecological conditions that are not available in
modified land uses may be more affected than others
(Waltert et al. 2004). Presence of aquatic habitats plays
a key role in the maintenance of particular amphibian
species (Neckel-Olivieira & Gascon 2006). In the
present study, the complete absence of two species,
Rhacophorus malabaricus and R. lateralis from NPK
coffee plantations and pesticide using coffee plantations
can be due to an absence of aquatic habitats in these
two coffee regimes. Hillers et al. (2008) reports that a
more open canopy can enhance higher temperatures
and increased evaporation and may reduce persistence
of aquatic habitats. The organic coffee plantations sites
had natural as well as man-made aquatic pools, while
sacred groves had natural water bodies, which provided
breeding sites for certain species within the family
Rhacophoridae. Generalist species like the Indian Bull
Frog Hoplobatrachus tigerinus (Daniels 2002) were also
completely absent from NPK coffee plantations and
pesticide using coffee plantation regimes, which could
again be a consequence of unavailability of aquatic
breeding sites.

Nyctibatrachus sp. and Ramanella sp. that belong to
the genera of forest dependent species endemic to the
Western Ghats (Aravind & Gururaja 2011) along with
other terrestrial amphibians (Table 3) were completely
absent from pesticide using coffee plantations. These
species could be most affected as planters in this regime
regularly use herbicides and practice manual de-weeding
that causes disturbance to understory vegetation.
These practices may have negatively affected terrestrial
amphibians at various stages (eggs, juvenile, sub-adults
and adults) potentially leading to reduced fitness and
recruitment. Gurushankara et al. (2007) observed the
highest incidence of morphological abnormalities in
populations of frogs inhabiting coffee plantations and
suspected chemical contamination (both fertilizer and
pesticide) to be the cause. Absence of forest-dependent
species of Nyctibatrachus sp. and Micrixalus sp. from
coffee plantations have also been reported by Krishna
et al. (2005) and Aravind & Gururaja (2011). Zakerana
sp. was highest in abundance across all three regimes.
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According to Kuramoto et al. (2007), Zakerana are
generalists that occur near still and stagnant water
where they are known to breed. Such habitats were
available throughout all coffee estates as the first order
streams were partially swampy due to open canopy and
understory vegetation.

While understanding the impact of coffee on species
from the genus Raorchestes commonly known as bush
frogs, it would not be possible to treat species richness
and life-history strategies separately. For instance,
species from this genus have direct development (Biju
2003) and thus provide little protection to the eggs,
when coffee is sprayed with pesticides. However, these
species have been able to survive in all three regimes and
sacred groves. Although it cannot be entirely explained,
survival of the bush frog may partly be attributed to
their breeding period. Breeding takes place during the
wettest part of the year, whereas pesticides are sprayed
during post-monsoon and winter. As the bush frogs stay
dormant during these times of the year, probably under
leaf litter and barks, when most of the foliar applications
of pesticides take place, they may barely be exposed to
pesticides directly.

Despite some clear patterns, the present study
had several limitations. It is representative only of
the southwest monsoon season as it was carried out
during June and July. Visibility also varied across the
three regimes, being highest in pesticide using coffee
plantations, followed by NPK and organic coffee
plantations, then sacred groves, suggesting that the
higher richness and abundance in the latter may only be
a conservative estimate. Due to a lack of accessibility,
canopy species were completely omitted. Zakerana sp.
could be identified only to the genus level hence, we
cannot comment on its species richness across the coffee
estates and sacred groves. A long-term study should
be conducted in order to understand the variables that
drive the resulting patterns of this study.

Coffee plantations as habitats for amphibians

This study nevertheless highlights the great potential
of organic coffee plantations and sacred groves
as complementary habitat for the conservation of
amphibians. However, certain drawbacks of NPK coffee
plantations and pesticide using coffee plantation regimes
like certain habitat variables and use of fertilizers and
pesticides, respectively, may prevent them from being
an ideal habitat for amphibians. A study that compared
morphological abnormalities in natural populations of
frogs inhabiting agro-ecosystems of central Western
Ghats showed that coffee plantations had the highest
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incidence of abnormality that could have resulted due
to the use of large amounts of chemical fertilizers and
pesticides (Gurushankara et al. 2007). Further studies
that take into account pesticide use in coffee plantations
may reveal additional factors that influence community
structure attributes like richness and abundance of
ampbhibians as well as their fitness in coffee plantations.
Given the Indian scenario, creating more inviolate spaces
in the Western Ghats is unlikely to win much support in
the present economic and political context. This study
coupled with other independent studies (Gray et al.
2004; Pineda et al. 2005; Bali et al. 2006; Kapoor 2007;
Dolia et al. 2008) suggest that, promoting organic coffee
plantation practices can have a greater positive impact
on biodiversity conservation. It is important to consider
that these coffee dominated landscapes might be the last
refuge in modified landscapes for some highly endemic
species. The present study forms a useful baseline for
agriculturists, as the decisions they take can dramatically
affect our biodiversity levels.
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