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Abstract
Conservation in human-modified landscapes is important for riparian animals as their habitats extend linearly beyond adjoining protected areas.
We examined occupancy and intensity of habitat use of Asian small-clawed otters in coffee and tea plantations and an adjoining protected area in
the Western Ghats. We sampled 66 stream segments of 500 m length, using spraints as an indicator of habitat use. Several variables characterising
the stream and shoreline were also measured. Occupancy, corrected for detection of spraints, was >0.75 in all three land use types, indicating
widespread use of the riparian ecosystem in human-modified landscapes. Intensity of habitat use, however, was much lower in tea (2.08
spraints/500 m) and coffee (2.42) plantations than in the protected area (3.86). Using GLMs we identified the abundance of potential refuges
(such as boulders and fallen trees), which was greater in the protected area, as the major factor influencing intensity of habitat use. Shoreline
diversity, which was lowest in the tea plantation, might also be another factor. The retention of much of the riparian vegetation and the presence
of forest fragments which provide refuges have led to wide occupancy of the tea and coffee plantations although with less intensive use. Sand
mining, fishing and infrequent poaching might be other reasons for the relatively low use of human-modified landscape. This study highlights the
need to retain remnant forests and riparian vegetation, and to control some human activities for integrated management of species like the smallclawed otter in both protected areas and adjoining human-modified habitats.
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Introduction
Addressing conservation issues in human-modified landscapes is becoming increasingly pertinent, as
protected areas cover less than 10% of tropical forests worldwide and the conversion to agriculture,
plantations and other modified land-uses proceeds at an unprecedented scale [1-3]. Most tropical
forests are now highly fragmented and form a heterogeneous matrix with human-modified land uses
[4]. The human-modified habitats that occur within and around most protected areas in the tropics
harbour a significant, albeit non-random, subset of biodiversity [5-7]. This subset includes animal
species that are residents and transients, the latter using the human-modified habitat as feeding or
breeding grounds [1-2,6]. Thus it is important to integrate the management of such modified landuses with the management of protected areas in the landscape [3,8].
Research on conservation in human-modified landscape has focused on the terrestrial fauna, and
reveals the pervasive influence of remnant forests and proximity to protected areas on the
persistence of native biodiversity in such landscapes [3,7,9-10]. Life-history characteristics of the
species also influence their survival in such modified landscapes [11-13]. The persistence of fauna
associated with aquatic habitats in human-modified landscapes has received very little research
attention, although aquatic habitats in such landscapes often get significantly modified due to
several factors such as dams, deforestation, human settlements and agriculture [14-16]. Aquatic and
semi-aquatic fauna, therefore, might have a lower persistence in the human-modified landscape.
Moreover, riparian species may require maintenance of both aquatic and terrestrial habitats or
might be resilient to change in one habitat. Given the paucity of studies exploring this aspect, it is
safe to presume that both terrestrial and aquatic habitats are important. This is especially so for
animals such as otters that are closely associated with riparian ecosystems and therefore have long
and linear home ranges [17-18]. The intrusion of such linear home ranges into human-modified
landscapes may make otters especially vulnerable. However, in Europe and North America, the
occurrence of otters outside protected areas varies widely and is influenced by properties of the
water bodies as well as human disturbance and land cover in the watershed [19-24].
In this study, we attempted to identify the key habitat features that influence the occupancy and
habitat use of the Asian small-clawed otter (Aonyx cinereus) in a landscape that consisted of
protected areas and adjoining coffee and tea plantations. We use the results to highlight
implications for conservation of such riparian species. Our study area in the Anamalai Hills is a part
of the Western Ghats, one of the most densely populated and human-modified biodiversity hotspots
in the tropics [25]. Land-use modification in the form of tea and coffee plantations dates back more
than a hundred years [26]. Several studies have examined the factors that influence the occurrence
of terrestrial animals in the human-modified landscapes in the Western Ghats [see 7 for a review].
Three species of otters—Eurasian (Lutra lutra), smooth-coated (Lutrogale perspicillata) and Asian
small-clawed —are known to occur in these mountain ranges [27]. While little is known about the
distribution of Eurasian otter in India, the smooth-coated otter occurs in large water bodies [28]. The
Asian small-clawed otter is the smallest and most restricted in distribution, being confined only to
the higher elevations where they seem to prefer lower order streams [29]. This species, widely
distributed in Southeast Asia with a disjunct population in the Western Ghats, is considered
Vulnerable in conservation status [30].

Methods
Study area
The 958 km² Anamalai Tiger Reserve in the Western Ghats in peninsular India and the adjoining
private tea and coffee plantations on the 220 km² Valparai plateau formed the study area (Fig. 1).
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The dominant natural vegetation in the area is mid-elevation (600 m – 1400 m) tropical rainforest of
the Cullenia exarillata – Mesua ferrea – Palaquium ellipticum type [31]. The area receives an average
annual rainfall of 3500 mm, spread over two monsoon seasons between June and December. The
mammalian fauna is typical of the Western Ghats [6]. Two species of otters occur in the Reserve: the
smooth-coated otter restricted to reservoirs within the Reserve, and the Asian small-clawed otter
restricted to hill streams and rivers. The Valparai plateau, dominated by plantations of tea, coffee
and cardamom, is surrounded by the Anamalai Tiger Reserve and other reserved forests and wildlife
sanctuaries to the south and west. The plateau is also home to nearly 100,000 people, mostly estate
workers, living in the Valparai town and settlements in the tea and coffee estates.

Fig. 1. The human-modified landscape in Valparai plateau and the surrounding protected area in which we
sampled 66 stream segments for otter spraints. Note that there are several rainforest fragments embedded
in the tea and coffee plantations.

Tea plantations are extensive monocultures with a sparse canopy of alien silver oak (Grevillea
robusta) and represent the most extreme land-use modification in the landscape. Coffee plantations
are mostly under native shade trees or under the shade of the alien Maesopsis eminii and Grevillea
robusta, mixed with native species. These represent an intermediate level of land-use modification
between the highly modified tea and the relatively undisturbed tropical rainforests within the
protected area.
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Field methods
We examined the occurrence of otters in the three land-use types in an occupancy framework [32]
and intensity of use of habitat in a generalized linear model (GLM) framework, using the number of
spraints as the indicator [33]. Although the use of spraint abundance as an indicator of relative
abundance of otters has been widely debated (e.g. 33,34-35), recent research on the Eurasian otter
shows a very close correlation between spraint abundance and population density, estimated from
fecal DNA [36].
The field sampling was carried out from January to early May, 2010, the driest period in the Western
Ghats, and an ideal time to sample for otter spraints [37]. We surveyed 66 segments, each of 500 m
length, along perennial streams, each segment further subdivided into 100 m sub-segments as the
spatial replicates. The stream segments for sampling were selected from a digitized map of the study
area based on the proportion of area under protected area, coffee and tea land cover. The selected
segments were at least 2 km apart in order to avoid spatial dependence across segments, in the
absence of home range data for the study species. The selected segments were located in the field
using a GPS receiver (Garmin Etrex). Both banks were thoroughly searched by the same two
observers over the entire period to record otter spraints, footprints and denning sites. Spraints of
the species could be identified due to the presence of a high proportion of crustacean remains in
them [17]. We also set up passive infrared camera traps along few streams, but only to confirm
identity of the species and not to record habitat use.
At 20 m intervals along each stream segment, we measured stream and shoreline attributes that
could possibly influence otter presence. The stream attributes included stream type, width, depth
and substratum. Stream type was classified as a run (smooth and non-turbulent flow), riffle
(turbulent flow over rocks), pool (no flow) or cascade (vertical drop in the flow). Stream substratum
was visually assessed to be rocky, muddy or a combination of both. The shoreline attributes
measured were canopy cover (using a canopy densiometer), number of trees within two meters
from the stream edge and shoreline substratum (rock, sand, vegetation or leaf litter). In each
segment, we also recorded all refuges, which were natural and artificial structures close to the
water’s edge and above the waterline, such as large boulders with cavities, large fallen logs and
burrows, which otters could use for denning and resting. Other variables that we recorded were
dominant land use around the stream segment, human modifications (such as culverts) within 10 m
from the stream, and disturbance (grazing, sand mining and other signs of human activity, but not
including human tracks). Straight line distance to protected area was measured from a digitised
toposheet (1:50,000) using ArcView 3.2 GIS. For each 500 m segment, means were estimated for
continuous variables (e.g., stream width, canopy cover, number of trees and ground cover). Stream
diversity and shoreline diversity were estimated by Simpson’s index, from data on stream and
shoreline substrata, respectively, converting the categories into proportions per 500 m segment.

Data analysis
We constructed otter detection histories for each stream segment depending on whether a spraint
was detected or not in each of the five sub-segments. This was then analysed in the occupancy
framework [21] using PRESENCE version 2.4 [38], for each land-use type separately and pooled
together. We used analysis of variance (ANOVA) to examine differences among three land-use types
in various stream and bank characteristics. Based on a correlation matrix of all measured or derived
variables, we eliminated those that were highly correlated (p < 0.05) with one or more other
variables. The retained variables were used as covariates in a GLM framework to model otter
habitat-use, taking the number of spraints as the response variable with Poisson distributed errors. A
global model was constructed incorporating all the retained variables to examine the overall fit. The
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competing models included individual covariates and select combinations and interaction terms with
land use. We compared the models using ∆AICC and Akaike weight (wi) to assess model fit. We also
estimated weighted averages of the parameter values of the variables along with 95% CI, and
considered as important only those variables whose 95% CI did not include zero [39]. We calculated
the relative importance of variables following Burnham and Anderson [40]. All analysis was carried
out using R statistical and programming environment [41-42].

Results
Occupancy
Camera trap pictures and sightings in the field showed the presence of only the small-clawed otters
in the sampled areas. We recorded 174 spraints of this species from 66 stream segments that we
surveyed from January 2010 to May 2010. Spraints were detected in 51 segments resulting in a naive
occupancy (occupancy without accounting for probability of detection) estimate of 0.77. With
occupancy (ψ) and detection probability (p) fixed across land-use types, otter occupancy for the
surveyed landscape was 0.81 ± 0.06 (SE) with an estimated overall p of 0.96.
Spraints were detected in 22 out of 30 (naive estimate of occupancy=0.73) segments in tea
plantations, 9 out of 12 (0.75) segments in coffee-cardamom plantations, and 20 out of 24 (0.83)
segments in the protected area. When corrected for detection probability, ψ in the three land-uses
were only slightly higher than naive estimates at 0.77 ± 0.09 (SE), 0.81 ± 0.14, and 0.86 ± 0.08,
respectively, due to the high p of 0.95, 0.93 and 0.97, respectively. Since the p and ψ were high and
similar for all three land-uses, we did not explore the influence of habitat covariates on them.
We also estimated ψ and p for the three land-use types using only fresh spraints. Occupancy ψ was
0.64 ± 0.14, 0.25 ± 0.13, and 0.52 ± 0.17 and p was 0.78, 0.99, and 0.72 for tea, coffee and protected
area, respectively. Overall ψ for the surveyed landscape using only fresh spraint was 0.50 ± 0.08 and
overall p was 0.82.
Table 1. Comparison of stream habitat attributes measured along stream
segments of 500 m length in tea plantation (n=30 segments), coffee plantation
(n=12 segments) and protected area (n=24 segments).
Habitat variable

Stream width (m)
Pool (proportion)
Riffle (proportion)
Refuges (n/500m)
Shoreline diversity
Canopy cover (%)
Altitude (m)
Distance to PA (m)

Tea

Coffee

(mean±SE)
(mean±SE)
5.73±1.12 3.65±0.54
0.14±0.03 0.14±0.04
0.33±0.05 0.22±0.05
1.40±0.37 2.08±1.10
0.42±0.04 0.62±0.03
25.04±4.62 51.21±5.74
1151.06±24.5 1064±61.7
1647.60±229.8 609±141.5

Protected
Area
(mean±SE)
6.45±0.79
0.36±0.05
0.05±0.01
4.42±0.72
0.52±0.04
77.28±4.79
863.4±4.0
N.A.

ANOVA F2,63

1.37
8.32
12.35
7.01
4.84
32.75
17.24
24.06

p

0.262
<0.001
<0.001
<0.01
0.011
<0.001
<0.001
<0.001

Habitat use
Stream segments varied significantly (p < 0.01) in several attributes among the three land-use types
(Table 1). Plantations, especially tea, had low canopy cover, low shoreline diversity and fewer
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refuges per segment, and fewer pools and more riffles as compared to the protected area. The
encounter rates were 2.08 ± 0.66, 2.44 ± 0.37, and 3.17 ± 0.48 spraints per 500 m, in tea, coffee and
protected area, respectively. The variables used in the generalized linear models of habitat use
selected after screening for collinearity included land-use, distance to the protected area, altitude,
number of refuges, proportion of pools, and shoreline diversity. The global model (Model 1 in Table
2) with all selected covariates had an AICc (289.51) much higher than the best fit model (Model 2),
which had the number of refuges, land use, shoreline diversity and an interaction term for land-use
and shoreline diversity as terms. However, Model 3 (which had only the number of refuges) and
Model 4 (which had number of refuges and shoreline diversity) were indistinguishable from Model 2,
with ∆AICC < 2. Both these models had evidence ratios (0.49/0.20 and 0.49/0.21) of < 2.3 indicating
high uncertainty in choosing among these three models. Other models had ∆AICC >2 compared to
Model 2, and thus provided relatively poor fit. We examined model-averaged estimates of
parameters of covariates in Models 2 to 4 and only the number of refuges had parameter estimate
whose 95% CI did not include zero (Table 3).
Table 2. Akaike Information Criterion (AICc) and associated measures for candidate
models. Model 1 is the global model which had all six covariates with no
interaction terms. Other models are arranged in order of increasing AICc values.
Models 2 and 6 have interaction terms with Land-use category.
Model
ID

Model

AICc

∆AICc

Akaike
Weight (wi)

1 Global model

289.51

8.08

0.01

2 Refuges + Land-use + Shoreline diversity + Land-use:Shoreline
diversity
3 Refuges

281.43

0

0.49

283.11

1.68

0.21

283.2

1.77

0.2

5 Refuges + Land-use + Shoreline diversity

285.23

3.8

0.07

6 Refuges + Land-use + Shoreline diversity + Land-use:Refuges

288.71

7.28

0.01

7 Land use

295.33

13.9

0

296.3

14.87

0

297.07

15.64

0

10 Altitude

297.09

15.66

0

11 Shoreline diversity

297.15

15.72

0

4 Refuges + Shoreline diversity

8 Proportion of pools
9 Distance to Protected Area

Discussion
Due to high detection probability of spraints, estimates of occupancy were close to naive estimates
of occupancy at the landscape scale as well as within each land-use type. Occupancy estimated from
fresh spraints was, as expected, lower than that estimated using all spraints, the difference being
highest in coffee plantations. Sampling was conducted during the dry season which partly coincided
with coffee pulping season, when most streams flowing through coffee plantations were polluted
with effluent from the pulp houses. Occupancy in tea and protected area did not show major
differences between using all and only fresh spraints, indicating the continued use of the landscape
during the dry season. While the small-clawed otter has been shown to have a high occupancy in
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streams in protected areas [29], the present study demonstrates a similarly high occupancy in
human-modified landscape adjoining protected areas. This is consistent with reports for other
species of otters whose occupancy seems to be fairly insensitive to human-modified landscapes
[21,23,43-48]. A major reason for this is perhaps the linear nature of their habitats, which enables
otters to travel over longer distances to meet their requirements in comparison to land mammals of
similar body size. The factors that positively influence occupancy of otters seem to differ with
species: increasing woody vegetation and stream density, decreasing cropland, grassland and
shoreline diversity in the case of North American river otter Lontra canadensis [21]; increasing
riparian vegetation in Southern river otter Lontra provocax [49-50], Cape clawless otter Aonyx
capensis [47-48] and Eurasian otter Lutra lutra [17,20].
Table 3. Model averaged estimates of parameters, unconditional SE and 95%
confidence intervals (CI) for variables in Models 2, 3 & 4 given in Table 2.
Covariate
Refuges
Land-use PA
Land-use Tea
Shoreline diversity

Coefficient Adjusted SE
0.10
0.03
1.88
2.11
1.90
2.14
3.61
3.7

Lower CI
0.04
-2.25
-2.30
-3.65

Upper CI
0.12
6.02
6.10
10.9

The GLM analysis identified three models that seemed to explain equally the encounter rates of
spraints in the sampled segments. Among the covariates in these models, the number of refuges was
identified as the most significant. This was also a term in all three best models. Refuges included
sites with boulders, large fallen logs and burrows. Such refuges are also heavily used by otters
elsewhere [18,47-48,50]. The greater abundance of refuges in the protected area, one of the
reasons for more intensive use of streams there as indicated by a higher spraint encounter rate, was
primarily due to the more rugged topography in the Reserve. The tea and coffee plantations were
mostly in the undulating and modified terrain of the Valparai plateau and therefore had fewer
streams with large boulders.
For shoreline diversity, although the 95% CI of its model-averaged parameter estimate included
zero, we believe it is an important variable that influences habitat use by small-clawed otter, as has
been reported for Cape clawless otter [47-48] and Southern river otter [50], which spend
considerable time feeding among shoreline vegetation. A higher diversity of shoreline habitat
provides feeding and resting grounds and cover for otters. However, this is an attribute that has
been considerably modified by human use in much of the Western Ghats.
Coffee and cardamom are grown in the Western Ghats frequently under natural shade and harbour
a relatively high diversity of animal taxa including birds [51-52], mammals [6,53] and butterflies [54],
both resident species and visitors from adjoining protected areas. The streams passing through
coffee estates are also structurally more similar to the streams in the adjoining protected area. In
contrast, in tea plantations natural vegetation is often cleared completely; only patches of forests
and strips of riparian vegetation are left intact. This is clear from the low canopy cover and shoreline
diversity along streams in the tea plantations (Table 1). It is these patches of forests that are
responsible also for much of avian and mammalian diversity that occur in the tea plantations [6,52],
and their continued retention may partly explain the use of tea plantations by small-clawed otter,
although at relatively lower intensity.
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Distance to the protected area did not seem to have any influence on spraint encounter rate, at least
within 7 km from the protected area (the farthest distance of any point in the plantations from
protected area boundary). In contrast, the species richness of butterflies, birds and many mammals
in coffee plantations is known to decline sharply with increasing distance from the adjoining
protected area [51,53-54]. A major reason might be the linear nature of the habitat of otters, which
allows them to move farther into the human-modified landscape. Although spraint encounter rate
differed across land-use types, much of the landscape irrespective of land-use was used by the
otters, as indicated by the high occupancy rates. The presence of remnant forest patches with
unmodified streams and the retention of riparian vegetation in some stretches in the humanmodified landscape are major reasons for this. Proximity to protected areas may also be a
contributory factor. Our sightings of a few holts in plantations indicates that there might be resident
populations in the human-modified landscape and that not all otters using these streams are
transient animals.

Fig. 2. A camera trap image of Smallclawed otter, Small-clawed otters on
sand bank, Stream flowing through a
tea plantation, with sand-mining in
the foreground, Stream during
coffee-pulping season in a coffee
plantation, Stream in the protected
area; note the riparian vegetation
and potential holts (fallen log).
Photos by authors.
PHOTO CREDITS
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Implications for conservation
This study shows that otters have a relatively high occupancy in protected areas and adjoining
human-modified landscapes. Their use of the latter depends primarily on the availability of refuges
for resting and denning, partly provided by shoreline vegetation. It is therefore important to retain
riparian vegetation and forest patches that have streams in the human-modified landscape. The
lower intensity of use of human-modified habitats may be due to human activities such as fishing,
sand mining and removal of boulders and deadwood along streams. Although instances of poaching
of otters in the landscape and neighbouring hill ranges [55] were recorded in the past, the area has
been relatively free of poaching for the last few years. Pollution of streams during the short coffeepulping season needs to be tackled with the co-operation and participation of local plantation
companies. A step in this direction has been made with the introduction of certification of coffee
and tea plantations [56]. Retention and restoration of riparian vegetation, coupled with control over
extractive human activities, are especially important to facilitate persistence of otters in humanmodified landscapes adjoining protected areas, given the linear nature of their habitat. Engagement
with corporate bodies who own large tea and coffee plantations, which enclose riparian forests, is
necessary in order to achieve this [9].
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