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Abstract: We examined the role of environmental variables influencing the resource use patterns of
Asian small-clawed otters (Aonyx cinereus nirnai) by sampling the entire River Moyar of the
Western Ghats between March 2015 and September 2017, using otter signs as an indicator. An
occurrence-based framework was used to determine the influence of environmental covariates on
otter detectability. Information on environmental parameters was recorded every time otter signs
were detected and non-detected at sites spaced every 400 meters along the riverbanks in the post
monsoon, winter, and summer seasons. Detectability of otter sign was influenced by river substrate,
habitat characteristics, riverbank traits and forest types. Otters prefer high altitude/elevation, narrow
rivers, and rocky areas with shallow water, but avoided sandy, wider and deep river areas. Resource
use patterns were determined by river and habitat characteristics in all three seasons. Various forms
of disturbance adversely affected otter occurrence. Asian small-clawed otters required habitat
specific specialized environmental traits for their long-term endurance in human-dominated
landscape. Restoration of degraded habitats and sites invaded by non-indigenous wattle trees is
necessary to improve the long-term conservation prospects of the Asian small-clawed otter. Otter
conservation plans need to be species-specific to help maintain the ecological balance of the Moyar
River ecosystem.
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INTRODUCTION

The Aonyx cinereus nirnai Illiger, 1815 is a recognized subspecies of the Asian small-
clawed otter - the smallest otter of the world occurring in the Western Ghats region, Southern
India (Narasimmarajan, 2020; Hussain, 1999) where it is restricted to a few hill streams in the
region (Perinchery et al., 2011). Being an amphibious 'apex predator' of the aquatic ecosystem
otters play an important role for land-water continuum (Narasimmarajan et al., 2023) and the
otter presence is largely dependent on the continuous availability of adequate prey base and
uncontaminated aquatic environments (Melquist and Hornocker, 1983; Macdonald and Mason,
1983). Most wetlands and waterways in Asia, however, lack an adequate prey base for
sustaining otter populations as a result of pollution by eutrophication and the accumulation of
pesticide runoff into the water, poaching for the pelt and pet trade, hydroelectric dams, illegal
hunting, ichthyotoxic plants, indiscriminate fishing, and habitat degradation (Wright et al.,
2015; Narasimmarajan et al., 2021). Thus, the disappearance of otters from apparently suitable
sites is often associated with the habitat degradation and natural deaths in river pits of their
wetland habitats (Narasimmarajan et al., 2024) and human causes such as hunting (Kruuk,
1995).

The Asian small-clawed otter is widespread from India through southern Asia, and it is
the smallest otter species in the world (Hussain, 1999). The Asian small-clawed otter is
considered ‘Vulnerable’ to extinction by the [IUCN Red list A2cde+3cde ver 3.1 (Wright et al.,
2021). Increased influx of pesticides into the streams from the plantations reduces the quality
of their habitats. The threat posed by poaching is still very significant in many parts of India,
and South-east Asia and will certainly count as a major threat that needs to be constantly
monitored. Poaching for pelts has been reported from across the Western Ghats in southern
India (Meena, 2002; Prakash et al., 2012). The Asian small-clawed otter is currently under-
represented in the literature, which may partly be due to difficulty in documenting them in their
natural habitat (Narasimmarajan, 2020; Prakash et al., 2012; Perinchery et al., 2011).

Only a few detailed Asian small-clawed otter survey reports exist in India (Perinchery et
al., 2011; Prakash et al., 2012; Mohapatra et al., 2014; Raha and Hussain, 2016;
Narasimmarajan, 2020; Palei et al., 2023), which point to a preference for high hill streams
(Perinchery et al., 2011). These records contribute to our understanding of the coarse habitat
selection by Aonyx cinereus; however, fine-scale patterns of habitat selection in this preferred
hilly terrain remain poorly understood. Species assessments predict a decreasing population
trend due to habitat loss and conversion; with a diet composed chiefly of crabs, crustaceans,
and other molluscs (Sivasothi and Nor, 1994). Asian small-clawed otters prefer moderate to
low vegetation structure (possibly for escape cover) in riparian systems, although they also
have been recorded from areas with sparse vegetation (Hussain and de Silva., 2008). Other
records of Asian small-clawed otters are from peat swamps, rice fields, and other brackish and
marine habitats in Malaysia (Sivasothi and Nor, 1994). We aimed to identify the environmental
factors that influence the resource use patterns of Asian small-clawed otters in the Moyar River,
southern Western Ghats of southern India. We attempted to develop detailed data on factors
that influenced the species’ persistence in protected habitats, however future studies should
focus on anthropogenic changes in otter habitats and the consequences of this to survival of
otter populations over different seasons.

MATERIALS AND METHODS
Study Area

The Moyar River is 102 km long and is located within the UNESCO recognized world
heritage site of the Nilgiri Biosphere Reserve. The river originates in Upper Bhavani at 2054
masl in the Nilgiri district of Tamil Nadu, India, and then flows through several protected areas
(Mudumalai and Sathyamangalam Tiger Reserves, Nilgiri North and South Forests Divisions),
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and ends in Bavanisagar Dam at 254 masl in Erode District (Fig. 1) (Narasimmarajan et al.,
2018). About 47 km of the Moyar River borders the Bandipur Tiger Reserve, Karnataka. The
upper reaches of the river area receive >5,000 mm of rainfall, whereas the downstream area
receives ~824 mm of rainfall annually (Puyravaud and Davidar, 2013). The minimum and
maximum annual average temperatures in this region vary from 14 °C - 30 °C in higher
elevations, and 25 °C - 38 °C in the lower elevations (Narasimmarajan et al., 2018). The
Mudumalai, Sathyamangalam, Bandipur landscape supports a large population of Tiger
(Panthera tigris), Leopard (Panthera pardus), Asian elephant (Elephas maximus), Otters
(Lutrogale perspicillata; Aonyx cinereus), Dhole (Cuon alpinus), and Endangered Vultures
(Gyps benghalensis; Gyps indicus) (Narasimmarajan et al., 2021).
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Figure 1. Showing the Moyar River and its important landmarks in the Western Ghats biodiversity hotspot.

The riverbanks of the Moyar support different forest types such as evergreen forests,
riparian forests, deciduous forests, scrub forests, bamboo dominated riparian forests and non-
indigenous invasive plants including black wattle (Acacia melanoxylon), mesquite (Prosopis
juliflora) (introduced by British colonial era for firewood) and Lantana camara that is
catastrophically invading the river gorges (Champion and Seth, 1962; Narasimmarajan et al.,
2021).

The Moyar River is an important source of irrigation for thousands of hectares of
agricultural land and supports the livelihoods of more than a million people (Puyravaud and
Davidar, 2013). However, like other freshwater river ecosystems in India, the River Moyar
faces many threats, such as agricultural pesticide runoff, hydroelectric projects, unrestricted
illegal fishing activities, invasive species, and the spilling of motor oil (Narasimmarajan 2020).
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Data Collection

The data were collected between March 2015 and September 2017. We aimed to
investigate the seasonal resource use patterns of Asian small-clawed otters in the Moyar River
study region using the survey methods described by Hussain and Choudhury (1995); Nawab
and Hussain (2012); and Narasimmarajan et al. (2021). The entire River Moyar and its
tributaries were divided into 6 km segments based on Narasimmarajan et al. (2023) using
geographical information systems. During the survey, whenever otter signs were seen, data on
environmental parameters, and spraints, tracks, dens, and grooming sites were recorded in 15
m width x 100 m length strip width plots. In addition, at each significant crossing/access point
where otter sign was not detected, a random stratified plot (15 x 100 m stripe width) of the
Moyar River was surveyed to compare the resource use pattern of otters in latrine and non-
latrine sites (Narasimmarajan et al., 2021). A team of four researchers conducted the survey by
walking along both riverbanks, searching for otter signs. In each survey season (post-monsoon
(September - November), winter (December - February) and summer (March - June), the plots
where spraints, tracks, grooming plots, dens and other signs of otter presence were found were
defined as a ‘used/positive site’. Signs are correlated positively with otter habitat use and
preference (Guter et al., 2008). A new plot was considered as such only when spraints were
separated by >15 m away from previous used/positive site (Melquist and Hornocker, 1983;
Newman and Griffin, 1994; Medina, 1996), whereas spraints within 15 m were considered as
the same latrine site. For the estimation of habitat availability, each plot was categorized as a
rocky stretch, sandy stretch, muddy stretch, clayey stretch and alluvial stretch. In each survey
season, data on environmental parameters (i.e., river character variables, habitat character
variables and substrate variables) and disturbance that were considered potentially important
to otters were collected from each plot (Macdonald and Mason, 1983; Brzezinski and
Jedrzejewska, 1993; Anoop and Hussain, 2004) (Table 1).

Opportunistic observations of otters during the course of the surveys were also recorded
and their group size, structure and activity were noted.

Table 1. List of environmental variables were collected and used for discriminant function analysis.

Variables Description Range
Type of river substrate  Approximate percentage of total (100 m x 15 m) strip width 0.00 -100
(%) plot covered by sand, rock, boulders, stone, mud, clay or

alluvial deposits. Values attributed by eye.
Depth of The depth of the river was measured at four-point cross section  0.20 — 8.0
the river (m) at each plot site using a Metered Pole and the mean depth was

calculated.
River The width of the river was measured at one point on each plot 3.0 - 310
width (m) site using Laser Range Finder and the mean width was

calculated.
Water current (score) The most frequent flow velocity per site was visually assigned 1-4

as 1-stagnant, 2-slow, 3-moderate and 4-fast.
Water quality (score) The quality of water was assessed through visually as 1-turbid 1-2

and 2-clear.
River bank-slope types  1-gentle (0-20°), 2-moderate (20-50°) and 3-steep (50-90°).
(degree score) Measured using clinometers. 1-3
Shoreline vegetation Emergent riparian vegetation on shoreline that was sufficient 1-3
(score) to provide cover for otters while travelling or resting.

Estimated by eye. 1-dense, 2-fair and 3-no/nil.
Distance of escape Nearest distance from the water’s edge to shoreline vegetation, 0.0 - 20

cover from shoreline

(m)

which provides cover for otters. Measured using a measuring
tape.
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Canopy cover % Percentage of canopy cover of each plot was estimated using 0.0 - 100
two-wheeler rear mirror

Dry leaf litter cover %  Percentage of Dry leaf litter cover was visually estimated. 0.0 -100

Avg. grass/ herb height  The extent of grass and herbs cover in the plot estimated by 0.0-5.0

(ft) visual estimate.

Elevation (m) Elevation of each plot was measured using global positioning 248 - 2054
system (Garmin).

Disturbance Evidence of destructive fishing practices such as various 00-10

(present/absent) fishing nets, dynamiting, hydro-electric projects, removal of

sand and boulders, domestic use of water using oil motor, oil
mixing in the river, pesticide runoff mixing in the river and
visible pollution. 0-absent and 1-present.

Data Analysis

A detection history was created based on whether otter signs were detected (1) or non-
detected (0) at each 400 m (15 x 100 m strip width plot) along the riverbank for each season.
The covariate data collected for available and used plots was organized in sample-habitat
parameter matrix for post monsoon, winter and summer seasons respectively. The raw data
matrix was arranged into proportionate and continuous data, which had to be transformed via
arcsine and log transformation and standardized following Zar (1984). Factor analysis was used
to reduce the dimensionality of the environmental variables. The first three factors (predictors)
were used for interpretation as these explained maximum variations in the dataset, and Pearson
product moment coefficient as the input and a varimax rotation of these factors (Van Emden,
2008). Simple cross-tabulations and y? statistics were used to calculate the detection of possible
relationships between resource variables (i.e., the presence/absence of different environmental
traits, and presence/absence of sprainting activity) and auto-correlated null variables were
dropped due to their nonaligned influence on the sprainting activity (Van Emden, 2008).
Pearson’s correlation was used to subset the null deviations, and the constant-only model was
used to identify the significant covariates for further analysis (MacKenzie, 2006; Kruuk, 1995).
Significant associations between habitat traits, and the presence or absence of spraints were
enumerated.

Spraints are likely to be detected more often than expected where rocks and boulders
occur in the immediate vicinity of a survey plot (White et al., 2003) and may be overlooked in
dense vegetation. Spraints are likely to be found less often than expected at plots with grass
either in the surrounding land or the immediate vicinity respectively. Pearson’s correlation was
used to subset the null deviations and constant-only model used to test the significance of the
covariates of further analysis (MacKenzie, 2006). We attempted to account for this differential
detectability using land cover variables representing river order, river gradient and habitat
characters in the logistic regression analysis (White et al., 2003). Global logistic regression
model including variables relating to habitat, the physical characteristics of the river and
surrounding vegetation cover was able to predict the presence or absence of otter sprainting at
different survey plots with an accuracy of 92% (Z-value) using software R (R Core Team,
2018).

RESULTS
Distribution Patterns of Asian Small-Clawed Otter Signs in the River Moyar, Western Ghats
Total of 693 strip width plots (15 m width x 100 m length) were surveyed, in which 87
Asian small-clawed otter positive/used sites were recorded. Otter signs were found at 24.7%
(n=18) of sites during the post-monsoon, 34.0% (n=27) during winter and 41.4% (n=42) during
summer (Table 2) consisting of 73 spraints, 11 tracks, 3 grooming site and 3 active dens. Dens
were usually made under wild mango (Mangifera indica) trees in the River Moyar.
Observations clearly show that the Asian small-clawed otter occurs in the Moyar river in all
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three seasons i.e., Post monsoon, Winter and Summer. Latrine sites were mostly found between
796 m asl to 2050 m asl in the river Moyar where the dense forests cover and narrow river with
steep bank slope habitat dominated.

Table 2. Sprainting activity and other Asian small-clawed otter signs in river Moyar at Western Ghats.

Otter Signs No of Signs Percentage of Signs
Spraints 73 81.93
Tracks 11 11.64
Grooming Sites 3 03.44
Den 3 03.44

The logistic regression analysis showed an efficiency of 91.61% of available and utilized
plots. This model also suggested that the Asian small-clawed otter sprainting activities were
found in rocky areas with steep bank slopes, alongside the presence of many tall trees, and tall
grass cover with less disturbance respectively.

Otter sprainting sites were found in narrow river stretches, and they avoided sprainting
far from riverbanks. Otters also avoided low altitudes and high amounts of dry leaf litter cover
at sites for grooming, while favouring river pits/pools in the high-altitude areas.

Otter sprainting activities were positively linked with the river pools/pits and stagnant
water currents in the high-altitude areas, and the sprainting sites were not recorded in wattle
invaded areas near the riverbanks. Spraints were mostly recorded at sites with more shoreline
vegetation cover. Spraint sites were influenced by prey availability and otter spraints were as
likely to occur near mugger crocodile sites as not (< 650 m asl). Higher otter spraints were
recorded from sites that had rocky, high altitude and no disturbance areas.

Resource Availability

Fourteen categories of environmental covariates were surveyed in the study area. Overall
landscape level environmental variables, such as mean hard sand (46.26%), followed by rocky
stretches composed of boulders (28.19%), loose sand stretches (15.43%) and while stones
constituted the least (7.01%) in the otter used sites. Other habitat variables were measured,
including the mean canopy cover (51.24%), dry leaf litter cover (40.59%), riverbank grass
height (2.83%). River characters represented by water current attitude (1.87) (2-slow), bank
slope (steep/moderate), mean river depth (16.72 m) and river width (12.88 m) (Table 3).

Table 3. Percentage and mean value of environmental variable availability from River Moyar, Western Ghats
between March 2015 and September 2017.

Variables Loose Hard Rocky Stone Gravel River River Water
sand sand (%) (%) (%) depth  width (m) current
(%) (%) (m) (O]
mean 15.43 46.26 28.19 7.01 111 16.72 12.89 1.87
+SE 2.47 7.40 451 1.12 0.18 2.68 2.06 0.50
Variables  Water Bank Bank Escape @ Canopy Dry leaf Grass Elevation
quality Slope  vegetation distance cover (%) cover height (ft) (m)
(S) (BS) (©)] (M) (%)
mean 1.19 2.26 2.63 15.80 51.24  40.59 2.83 596.14
+SE 0.15 0.32 0.42 2.53 18.20 6.49 0.97 29.01

%- percentage; S- score; M- metre; ft- feet; DS- degree score
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Sprainting activity varied significantly with season, river characteristics, elevation and
disturbance. The logistic regression model included variables relating to habitat highlighting
that the physical characteristics of the river and surrounding vegetation cover were critical to
the presence or absence of otter sprainting at different survey seasons.

Spraints occurred more often than expected where rocky and hard sand was found in the
immediate vicinity (15 x 100 m strip width plot) of the survey site, and where other covariates
were found in the surrounding land (100 x 15 m strip-width cell neighborhood). Spraints were
found less often than expected at sites where dry leaf litter cover was found either in the
surrounding land or the immediate vicinity, and low canopy cover (Table 4).

Table 4. Summary of the significant results of analysis using cross-tabulation and Pearson’s correlation tests.

IS:ECrzlof;(;ant S 15 x 100 m Strip 72 As-?égiea?i]:)n Significance
Width Plot P)
Rocky % 0.37 + 0.925
Dry leaf litter cover % -0.35 - 0.045
Elevation Meters 0.31 + 0.056
Canopy cover % 0.51 + 0.048
Bank vegetation % -0.43 - 0.871

A significant ¥ value indicates that there was a significant association between the
presence or absence of spraints and that habitat type. A positive association of sprainting with
particular habitat types are indicated by a plus sign and a negative association by a minus sign
in the table.

Factors influencing Asian Small-Clawed Otter Occurrence in Post-Monsoon Winter and
Summer Seasons in the Moyar River

The logistic regression model explained 80.23% of the variance in otter habitat use. Post-
monsoon factors were positively related with altitude/elevation (z=2.347, p<.01), rocky
stretches (z=1.043, P<.05), hard sand (z=0.492, P<0.05), disturbance (z=2.025, P<0.05) but
negative related with water current, (z=-2.363, P<0.01), river width (z=-1.973, P<0.01), and
canopy cover (z=-2.363, P<0.01). During winter, otter occurrence was positively related with
altitude/elevation (z=4.129, P<00.01), disturbance (z=1.708, P<0.01), and negative related
with river width (z=-3.155, P<0.001), water current (z=1.946, P<0.01) and hard sand (z=-
2.441, P<0.01). In summer, otter occurrence was positively related with altitude/elevation
(z=2.347, P<0.01), and negatively correlated with water current (z= -2.362, P<0.01), river
width (z=-2.181 P<0.01), canopy cover (z=-2.362, P<0.01) and hard sand (z=-2.441, P<0.01;
Table 5).
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Table. 5. Forward stepwise logistic regression analysis testing the effect of 11 environmental variables on latrine sites (n=18) and non-latrine sites (n=675) during post
monsoon, latrine sites (n=27) and non-latrine sites (1=666) during winter and latrine sites (n=42) and non-latrine sites (n=651) during summer at river Moyar locations. Only
those explanatory variables were shown and added to the model until R approached 1.0 (P>0.05).

Seasons Post Monsoon Winter Summer

Variables Estimate SE z-value  Pr(>|z|) Estimate SE z-value Pr(>|z|) Estimate SE z-value  Pr(>|z|)
Intercept -0.0727 1.72811  -0.063 0.8632 0.27004 1.39682  0.193 0.8467 -0.0796 1.72811  -0.046 0.9632
l.snd 1.9554 2.25442  0.666 0.3857 -7.3755 5.63842  -1.308 0.19085 -1.9553 2.25442  -0.867 0.3857
rck 1.50658 1.44504  1.043 0.2971 -0.0567 0.9287 -0.061 0.9513 1.50658 1.44504  1.043 0.2971
h.snd 0.6456 1.31238  0.492 0.6228 -2.8741 117737  -2.441 0.01464** 0.6456 1.31238  0.492 0.6228
bnk.veg -1.5638 1.40152 -1.116 0.2645 -1.4563 1.21248 -1.201 0.22972 -1.5637 1.40152 -1.116 0.2645
dr.If 0.15856 1.20429  0.132 0.8953 0.72834 1.50877  0.483 0.62928 0.15856 1.20429  0.132 0.8953
rv.wd -14.813 7.50601  -1.973 0.0184** | -17.914 5.67843  -3.155 0.00161*** | -14.812 7.50601  -1.973 0.048*
wt.cur -2.3282 0.98522  -2.363 0.0181** | -1.9301 0.99157  -1.946 0.0516* -2.3282 0.98522  -2.363 0.018**
slp -1.8663 0.85575  -2.181 0.0292* -2.434 0.83453  -2.917 0.00354** -1.8663 0.85575  -2.181 0.029*
can.cov 3.8666 1.63721  2.362 0.0182** | -0.687 147105  -0.467 0.64047 -3.8666 1.63721  -2.362 0.018**
elev 8.17687 2.62354  2.347 0.008** 7.13018 1.72673  4.129 0.0036** 6.17687 2.63154  2.347 0.018**
Dstb 1.53846 0.75973  2.025 0.046* 1.21385 0.71059  1.708 0.08759 -1.5384 0.75973  -2.025 0.042*

Residual deviance of the constant-only model was shown in 103.4. Significance of the difference between constant-only model and the models listed is indicated by asterisks
(*, P <0.05; **, P <0.01; ***, P <0.001). Codes; l.snd- Loose sand, rck- Rocky, h.snd- Hard sand, bnk.veg- Bank vegetation, dr.If- Dry leaf litter cover, rv.wd- River width,
wt.cur- Water current, slp-Bank slope, can.cov- Canopy cover, elev- Elevation/altitude and Dsth- Disturbance

After the monsoon, Asian small-clawed otters preferred rocky areas with high altitude/elevation, rocky stretches, stagnant water current, and
avoid wider river, medium water flow, and dense canopy cover (Fig. 2). In winter, otters maintained their preferences for rocky areas with high
altitude/elevation, but avoided wider, deeper river sites in lower altitude and stagnant water flow (Fig. 3). In summer, Asian small-clawed otters
preferred higher altitude/elevation, shallow water, rocky areas with boulders, and a moderate canopy, while avoiding anthropogenic disturbance,
loose and hard sandy areas, stagnant water flow, and lower elevations similar to previous seasons (Fig. 4). Otter sign occurrence varied with water
current (i.e., fast, slow and stagnant), shallow water plots yielded more spraints. No spraints were recorded at plots (129 plots) where wattle had
invaded > 89% shore vegetation cover. Spraints were most frequently recorded at plots with moderate shoreline vegetation.
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Figure 2. Effect plots of generalized liner model for predicting habitat suitability for Asian small-clawed
otters
in post monsoon season in the Moyar River, Western Ghats.
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Figure 3. Effect plots of generalized liner model for predicting habitat suitability for Asian small-clawed
otters in winter season in the Moyar River, Western Ghats.
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Figure 4. Effect plots of generalized liner model for predicting habitat suitability for Asian small-clawed
otters
in summer season in the Moyar River, Western Ghats

DISCUSSION

Occurrence-based surveys are particularly useful for conservation assessments of
poorly studied and elusive species, such as the Asian small-clawed otter. This approach
can be used even in single-time surveys to generate rigorous baseline data when
detectability is adequately accounted (Beja, 1992). At the same time, it also allows
ecological questions on the determinants of finer scale habitat selection to be addressed
(Perinchery et al., 2011). Policy-based action, research on factors affecting survival,
habitat-based actions on creation and, where required, expansion of protected areas and
communication and awareness building among local communities are suggested by
Hussain (1999) as fundamental to the conservation of the Asian small-clawed otter.
This is first ever attempted to address the factors affecting the resource use of Asian
small-clawed otter from this region. Ultimately, altitude/elevation and river
characteristics played an important role in determining the presence of Asian small-
clawed otter. This is consistent with natural history accounts of the species in southern
India (Pocock, 1941; Perinchery et al., 2011) and highlights the importance of high-
altitude habitats for the conservation of this species (> 660 m asl) . In Southeast Asia,
however, the species also occurs in low-elevation habitats, such as wetland systems
with pools and stagnant water (Hussain , 1998; Sivasothi and Nor, 1994). Further
detailed surveys would be necessary across a greater altitudinal gradient across southern
Western Ghats to determine if the distribution of the species also includes lower-
elevation regions (e.g., below the <650 m asl of this study).

Having selected home ranges based on altitude for a given number of seasons,
otters seem to concentrate habitat use at higher altitudes within their occupied streams.
The preference for high altitude river stretches over cascades and riffles is unsurprising
given that the species is a specialized feeder on crustaceans and molluscs, locating prey
mainly by touch (Ewer 1973). Elevation gradient, river substrate, grass cover, and
ground cover along the banks also was a better predictor of otter habitat use than
compared to stream order (Arden-Clarke, 1986; Perinchery et al., 2011). Our study
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demonstrates the utility of modeling occurrence-based detectability simultaneously
(Mackenzie et al., 2002). Several recent studies have successfully applied the approach
to estimate sign detectability, and the role of habitat-related and other covariates in
determining these, for a range of species (e.g., Baldwin and Bender, 2008; Bonesi and
Macdonald, 2004; Buckley and Beebee, 2004; Carter et al., 2006; Martin et al., 2006;
Mazerolle et al., 2005; Moritz et al., 2008; O’Connell et al., 2006; Welsh et al., 2008).

The identification of the species’ preference for higher altitudes and pits/pools in
a protected area will help identify sites for conservation efforts targeting Asian short-
clawed otters; high-altitude streams and small pools should be seen as important
conservation zones in unprotected areas as well, because they can be prospective
habitats for this species, if it does not currently occupy the area. This study also can
help direct future surveys by predicting the presence of Asian small-clawed otter in
similar areas. Given that this study was conducted in the partially disturbed Moyar
River, the findings indicate patterns of habitat use in the presence of human disturbance
or habitat modification. Therefore, Asian small-clawed otter required fine-scale
environmental factors in each season to satisfy their habitat requirements, and adaptive
management to conserve those factors is needed for their long-term survival in a
human-dominated landscape, such as the Moyar. However, the majority of freshwater
habitats in southern India are not protected and are located within or near human-
dominated areas (Perinchery et al., 2011), and anthropogenic impacts on riparian
landscapes can entirely alter species composition (Jelil et al., 2021). Otters tend to avoid
human presence either spatially or temporally by restricting activity to certain seasons
(Rosas et al., 2007; Shenoy et al., 2006; Tuzun and Albayrak, 2005). But, in Moyar
they tend to tolerate human presence up to certain level during post monsoon and winter
seasons (Figure 2, 3).

CONCLUSION

Although our study has developed detailed data on factors that are influence the
species’ persistence in protected habitats, future studies also should focus on
anthropogenic changes in otter habitats and the consequences for survival of Asian
small-clawed otter populations. We recommend a comprehensive survey covering the
entire distribution of the species in the Western Ghats of southern India, spanning wide
elevational, latitudinal, altitudinal, habitat and disturbance-related gradients to obtain
an understanding of regional status and threats faced by Aonyx cinereus nirnai.
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RESUME: DES MUSTELIDES MECONNUS : ROLE DES VARIABLES
ENVIRONNEMENTALES DANS L’INFLUENCE DES MODELES
SAISONNIERS D’UTILISATION DES RESSOURCES DES LOUTRES
CENDREES (AONYX CINEREUS NIRNAI ILLIGER, 1815) DANS LA
RIVIERE MOYAR DU POINT CHAUD DE LA BIODIVERSITE DES GHATS
OCCIDENTAUX, EN INDE

Nous avons examiné le r6le des variables environnementales influencant les schémas
d’utilisation des ressources des loutres cendrées (Aonyx cinereus nirnai) en
échantillonnant I’ensemble de la riviere Moyar des Ghats occidentaux entre mars 2015
et septembre 2017, en utilisant les indices de présence de loutre comme indicateur. Un
cadre basé sur I’occurrence a été utilisé pour déterminer I’influence des covariables
environnementales sur la détectabilité des loutres. Les informations sur les parametres
environnementaux ont été enregistrées chaque fois que des indices de présence de loutre
ont été détectés ou non détectés sur des sites espacés de 400 meétres le long des berges
de la riviere pendant les saisons post-mousson, hivernale et estivale. La détectabilité
des indices de présence de loutre était influencée par le substrat de la riviere, les
caractéristiques de I’habitat, les caractéristiques des berges et les types de foréts. Les
loutres préferent la haute altitude/élévation, les riviéres étroites et les zones rocheuses
aux eaux peu profondes, mais évitent les zones de riviéres sablonneuses, plus larges et
profondes. Les schémas d’utilisation des ressources ont été déterminés par les
caractéristiques de la riviére et de I’habitat au cours des trois saisons. Diverses formes
de perturbation ont eu un effet négatif sur la présence des loutres. Les loutres cendrées
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ont besoin de caractéristiques environnementales spécialisées et spécifiques a leur
habitat pour survivre a long terme dans un paysage dominé par I’homme. La
restauration des habitats dégradés et des sites envahis par des acacias non indigénes est
essentiel pour améliorer les perspectives de conservation a long terme de la loutre
cendrée. Les plans de conservation des loutres doivent étre spécifiques a chaque espéce
pour aider & maintenir I’équilibre écologique de I’écosystéme de la riviere Moyar.

RESUMEN: CENTINELAS MENOS CONOCIDOS: INFLUENCIA DE LAS
VARIABLES AMBIENTALES EN LOS PATRONES ESTACIONALES DE
USO DE RECURSOS POR LAS NUTRIAS DE UNAS PEQUENAS ASIATICAS
(AONYX CINEREUS NIRNAI ILLIGER, 1815) EN EL RiO MOYAR,
HOTSPOT DE BIODIVERSIDAD DE LOS GHATS OCCIDENTALES, INDIA
Examinamos el rol de variables ambientales que influencian los patrones de uso de
recursos por las nutrias de ufias pequefias Asiaticas (Aonys cinereus nirnai),
muestreando la totalidad del Rio Moyar, Ghats Occidentales, entre marzo de 2015 y
Septiembre de 2017, utilizando los signos de nutria como indicador. Utilizamos un
marco basado en la ocurrencia para determinar la influencia de las covariables
ambientales en la detectabilidad de las nutrias. Registramos informacion sobrre
parametros ambientales cada vez que se detectaban o no se detectaban signos de nutria
en sitios espaciados cada 400 metros a lo largo de las barrancas del rio, durante las
estaciones post monzones, invierno, y verano. La detectabilidad de los signos de nutria
estuvo influenciada por el sustrato del rio, las caracteristicas del habitat, los rasgos de
la barranca del rio, y los tipos forestales. Las nutrias prefieren rios en alta
altitud/elevacion, angostos, y areas rocosas con aguas poco profundas, pero evitaron
areas del rio arenosas, méas anchas y mas profundas. Los patrones de uso de recursos
estuvieron determinados por las caracteristicas del rio y del habitat, en las tres
estaciones. Varias formas de disturbio afectaron en forma adversa la ocurrencia de las
nutrias. Las nutrias de ufias pequefias Asiaticas requirieron rasgos ambientales
especializados, especificos de habitat, para prosperar a largo plazo en éste paisaje
dominado por el ser humano. Es necesaria la restauracion de los habitats degradados y
de los sitios invadidos por el zarzo dorado (no nativo), para mejorar las perspectivas de
conservacion a largo plazo de la nutria de ufias pequefias Asiatica. Los planes de
conservacion de nutrias deben ser especie-especificos para mantener el balance
ecoldgico en el ecosistema del Rio Moyar.
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