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ABSTRACT
Smooth-coated otters are top predators, semi-aquatic carnivores, and keystone species in the aquatic ecosystem, serving as im-
portant biological indicators of wetland health. The species, once widespread across the Terai, is now limited to buffer zones and 
protected areas. This research investigated the habitat selection of smooth-coated otters within the Shuklaphanta wetland land-
scape, an ecologically significant area in the Western Terai lowland of Nepal. The field survey was conducted using line transects 
with a length of 200 m in a 600 m long section along the bank of the Chaudhar River and the wetlands. A total of 71 line transects 
were sampled, 53 in the Chaudhar River and 18 in the wetlands. Of these, 15 transects in the Chaudhar River and 18 in the 
wetlands revealed signs of the presence of smooth-coated otters. Five habitat variables (canopy cover, water channel width, river 
bank slope, bank substrate, and human disturbance) play important roles in the presence of otters. The relationship between otter 
presence and habitat variables was determined using binomial logistic regression. The probability of smooth-coated otter pres-
ence increased with an increase in canopy cover, a higher proportion of sand and mud, and wider water channels. In contrast, 
otter presence decreased with an increase in the Human Disturbance Index and bank slope. However, average depth and water 
current appeared to have no significant effect on the presence of smooth-coated otters. Regular monitoring of smooth-coated 
otter habitats and vegetation, along with reducing anthropogenic activities, is urgently needed to conserve the smooth-coated 
otter and its habitat in the western lowlands of Nepal.

1   |   Introduction

Out of 13 otter species recorded worldwide, three species—
Eurasian otter (Lutra lutra), Asian Small-clawed otter (Aonyx 
cinereus), and Smooth-coated otter (Lutrogale perspicillata)—
are currently present in Nepal (Acharya and Rajbhandari 2011; 
Shrestha et  al.  2025; Acharya et  al.  2023). The Asian small-
clawed otter, however, has only just been rediscovered in the 
country in 2025, which was first recorded in 1839 (Hodgson 1839; 
Shrestha et  al.  2025). The smooth-coated otter was once 

widespread in wetlands both inside and outside the protected 
areas of the Terai region of Nepal (Acharya 1998; Acharya and 
Lamsal  2010; Acharya and Rajbhandari  2012), but its distri-
bution is currently restricted to small patches in buffer zones 
and protected areas of Koshi Tappu Wildlife Reserve, Chitwan, 
Bardia, and Shuklaphanta National Parks (Mishra et al. 2022; 
Acharya and Lamsal 2010; Gwachha et al. 2023; Bhandari 2019; 
Acharya  2006, 2017; Thapa et  al.  2021). Furthermore, a con-
tinuous decline has been documented for smooth-coated 
otters in Nepal (Acharya and Lamsal  2010; Acharya and 
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Rajbhandari 2011; Jnawali et al. 2011; Thapa et al. 2021). The 
illegal trade in otters and increasing human disturbances, such 
as infrastructure development and pollution, have reduced otter 
populations and their natural habitats in Nepal (Acharya 2017; 
Acharya and Rajbhandari 2011; Savage and Shrestha 2018).

Smooth-coated otters, as semi-aquatic carnivores and keystone 
species in freshwater ecosystems, play vital roles in maintain-
ing ecological balance and serve as indicators of wetland health 
(Kruuk 2006; Khan et al. 2014). They prefer shallow waters with 
moderate currents, soft riverbanks, and riparian vegetation 
with dense canopy cover (Raha and Hussain 2016; Weinberger 
et al. 2019).

Populations of smooth-coated otters have significantly declined 
due to factors such as water quality degradation, overfishing, 
poaching for fur, habitat destruction, human disturbance, and 
disruptions caused by hydropower plants (Moser et  al.  1996; 
de Silva et al. 2015), which have negatively impacted their dis-
tribution (Acharya and Rajbhandari  2014; Thapa et  al.  2021). 
Classified as Vulnerable in the IUCN Red List (Khoo et al. 2021; 
IUCN 2024) and listed in Appendix I of CITES (CITES 2021), 
the species is not prioritized under Nepal's National Park and 
Wildlife Conservation Act, 1993. However, a 2002 amendment 
to the Aquatic Life Protection Act (Government of Nepal 2017), 
prohibits the hunting and killing of smooth-coated otters na-
tionwide (Savage and Shrestha 2018).

Habitat selection is a hierarchical process that influences var-
ious behaviors, leading to a non-random use of available habi-
tat (Yoxon and Yoxon 1990; Jonah Dias et al. 2022). Assessing 
habitat selection provides valuable insights into the behavioral 
responses of organisms and their distribution across habitats 
of varying ecological quality (Morrison et  al.  1992; Arlt  2007; 
Gwachha et al. 2023). For smooth-coated otters, specific habi-
tat features, including bank slope, river width, river depth, rest-
ing sites, grooming sites, and breeding sites, are critical to their 
occurrence and overall ecology (Mason and Macdonald  1986; 
Madsen and Prang  2001; Melisch et  al.  1996; Anoop and 
Hussain  2004; Nawab and Hussain  2012a, 2012b; Raha and 
Hussain 2016). The otters avoid areas lacking adequate resting 
sites and escape cover, even when food availability or water 
quality is favorable (Raha and Hussain 2016; Basak et al. 2021). 
Understanding these features and otter distribution is essential 
for informing conservation strategies and ensuring the long-
term persistence of otter populations in their natural habitats 
(Acharya et al. 2023).

Smooth-coated otters are the most extensively studied of the 
Asian otter species, with substantial research on their behav-
ior, diet, and ecology (Hussain 1996, 2002; Basnet et al. 2020; 
Acharya et al. 2023). These studies have provided valuable in-
sights into their dietary preferences, social behavior, and ecolog-
ical roles (Anoop and Hussain 2004; Nawab and Hussain 2012a; 
Raha and Hussain 2016; Basak et al. 2021). Habitat selection in 
Nepal has been studied in parts of Chitwan and Bardia National 
Parks (Acharya and Lamsal  2010; Gwachha et  al.  2023). 
However, their habitat selection, particularly in specific regions, 
remains less explored. This study aims to investigate the habitat 
preferences of smooth-coated otters in Shuklaphanta National 
Park (ShNP), to enhance our understanding of their ecological 

needs and support future conservation efforts. The study evalu-
ates how environmental factors influence otter presence, with 
a focus on canopy cover, substrate type, water channel width, 
bank slope, and human disturbances. The hypotheses are as 
follows: There is a negative association between human distur-
bance—measured through the Human Disturbance Index—and 
the presence of smooth-coated otters; There is a positive associ-
ation between the presence of smooth-coated otters and habitat 
features such as wider water channels, greater canopy cover, 
and finer substrate (sand and mud); There is a negative associa-
tion between otter presence and steeper bank slopes, which may 
reduce suitable habitat availability.

1.1   |   Study Area

Shuklaphanta National Park is located in the southwest of 
Nepal (Figure  1) and covers an area of 305km2, bounded by 
the Syali River in the east, the Mahakali River in the west, the 
Siwalik Hills in the northeast, and the Pilibhit Tiger Reserve 
and Dudhwa Tiger Reserve in the southeast of India (Poudyal 
and Chaudhary 2019; Department of National Park and Wildlife 
Conservation  2003). The climate is subtropical monsoonal, 
with three distinct seasons: cool-dry (late September to mid-
February), hot-dry (mid-February to mid-June), and monsoon 
(mid-June to late September) (Poudyal et al. 2021). ShNP sup-
ports a wide range of biodiversity, including 665 floral species, 
15 amphibian species, 56 reptile species, 456 bird species, 57 spe-
cies of mammals, and 24 fish species (Rawat et al. 2020). There 
are mixed habitats of grasslands, wetlands, and mixed forests, 
forming a mosaic of wildlife habitats (Rawat et al. 2020). The 
study area includes the Chaudhar River, a key waterway that 
flows through the Park. This river, along with the surrounding 
wetlands, is a vital habitat for smooth-coated otters, providing 
the necessary conditions for their survival (Thapa et  al. 2021; 
Joshi et  al. 2021). The river's varying features—such as water 
quality, vegetation, and proximity to human settlements—play 
an important role in shaping the otter's habitat preferences 
(Awasthi et al. 2024). This area is crucial for understanding otter 
distribution and their ecological needs within the park.

2   |   Methods

The field survey was conducted from October 2020 to March 
2021 in the Chaudhar River and surrounding wetlands of ShNP. 
The sampling sites in the wetlands and rivers were identified 
through a preliminary survey visiting locations inside the pro-
tected area and through consultation with Park officials. A 
sampling method of line transects with a length of 200 m and a 
width of 10 m in each 600 m segment was carried out along the 
banks and shorelines of the rivers and wetlands. The length of 
the Chaudhar River from the southern border of the protected 
area to the base of the Churia hills, was divided into a number 
of segments 600 m long. Basak et al. (2021) surveyed three tran-
sects, 250 m in length within 1 km, and surveyed them twice. So, 
in order to best align with that sampling method, we surveyed 
200 m in 600 m long sections. Along each transect, a search was 
conducted for otter signs within 10 m perpendicular to the shore-
line to indicate presence/absence (Kruuk and Conroy  1987; 
Hussain and Choudhury 1995; Anoop and Hussain 2004; Basak 
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et al. 2021). Both direct signs (sightings and calls) and indirect 
signs (tracks, scat, grooming sites, latrine sites, and dens) were 
sampled and recorded on data sheets. GPS coordinates were re-
corded for the presence or absence of smooth-coated otters along 
the line transects using a handheld Global Positioning System 
receiver (Garmin etrex 10).

In addition to the presence and absence of the species, various 
habitat variables were measured in the surveyed plots: water 
depth of river and wetlands measured by a scale on a stick just 
1 m from the bank; water channel width (shortest distance be-
tween banks of the river or wetlands measured by a 50 m mea-
suring tape); water current (flow of water measured through 
visual observation); distance of shoreline vegetation from the 
water's edge measured by a measuring tape; bank substrate cal-
culated based on visual observation; and the number of fallen 
trees counted by visual observation (Table  1). Additionally, 
overall substrate types like the proportion of sand/mud, small 
stones, big stones, and boulders in streams/rivers and lakes 
were recorded, along with the shoreline of each site (Table 1). 
Substrate attributes were categorized by diameter as follows: 1) 
sand (< 5 mm), 2) pebbles (5 mm-5 cm), 3) small stones (5-50 cm), 
4) large stones (50-100 cm), and 5) boulders (> 100 cm) (Jamwal 
et  al.  2016; Shrestha et  al.  2021) (Note that the total percent-
age may not equal 100% due to the use of mid-points in cal-
culations). Canopy cover was estimated by percent cover class 
using a Densiometer, categorized as 0%–25% (lightly vegetated), 

25%–50% (moderately vegetated), and 50%–100% (heavily vege-
tated) (Russavage et al. 2021). The water current, bank substrate, 
and human disturbance were measured by visual observation.

Human disturbances like the presence of livestock grazing, 
solid waste, illegal sand mining, and fishing were used to gen-
erate two disturbance classes: high and low. This was measured 
and categorized based on the intensity of the disturbances 
(Table 1).

2.1   |   Data Analysis

The relationship between otter presence and habitat variables in 
the region was determined using a generalized linear model be-
cause of its flexibility to model continuous and categorical vari-
ables and non-linear response (Grafen and Hails, 2002).

We used logistic regression for a binary outcome; logistic link 
and binomial distribution, to model the response of species to 
the selected environmental variables. We performed a multicol-
linearity test (Karl Pearson Correlation Coefficient) to remove 
information redundancy caused by the most related continuous 
variables (Table S1), and Cramer's V test to remove interdepen-
dent categorical values (Table S2) in R (Mangiafico 2025). We used 
a threshold of |0.7| to remove the least important variable among 
the pair above the threshold for both variable types (Table S1and 

FIGURE 1    |    Map of the study area showing the sampled area in Shuklaphanta National Park.
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S2). All the selected candidate environmental variables were then 
modeled using logistic regression with the “MuMIn” package 
(Barton and Barton 2015) in R version 4.1.3 (R Core Team 2023). 
We ran all the possible linear combinations of variables (Table S2) 
using the dredge function in the package. The top models 
were selected using the criteria of ΔAICc < 2 using the Akaike 
Information Criterion, which uses likelihood ratio penalized for 
the number of parameters to select the best model (Burnham and 
Anderson 2002). We checked the model assumptions and resid-
ual deviations from all the selected models using simulated data 
from the DHARMa package (Hartig 2024) in R before perform-
ing the model averaging. We used the significance level of 0.05 to  

infer the importance of a variable in the model-averaged 
estimates.

3   |   Results

A total of 71 line transects were surveyed, with 53 conducted in 
the Chaudhar River and 18 in the wetlands. During the study 
period, a total of 33 transects with positive signs of otter pres-
ence were recorded, with 15 in the Chaudhar River and 18 in the 
wetlands (Table 2). Otter signs such as scats (11) and tracks (75) 
were recorded in rivers and wetlands inside the Park, while only 

TABLE 1    |    Predictor variables.

Variable Description Measure Type of variable
Assumption/
justification

Flow Water flow velocity Slow Categorical Surface water/
visually estimatedFast

Stagnant

Slope Bank slope Degree Numerical Visually estimated

Bank condition Condition of bank High disturbance Categorical Visually estimated

Moderate disturbance

No disturbance

Anthropogenic activities Disturbance factor Livestock grazing Binary Presence/absence

Illegal sand mining Binary Presence/absence

Fishing Binary Presence/absence

Solid waste(pollution) Binary Presence/absence

Human disturbances Binary Presence/absence

Infrastructure development Binary Presence/absence

Washing and bathing Binary Presence/absence

Human Disturbance Indexa HDI Low disturbance Categorical Visually estimated

High disturbance

Fallen tree Numerical Number of fallen trees Numerical Total number of 
fallen trees observed

River/wetland depth Average depth Continuous Centimeter (cm)

Water channel width Water channel width Meter (m)

Canopy cover (%) Numerical Percentage
aHuman Disturbance Index: 0–3 disturbance factors = low disturbance and above 3 disturbance factors = High disturbance.

TABLE 2    |    Presence of otter sign in the surveyed transect.

SN Wetlands

Transect Sign

Presence of sign Absence of sign Number Percentage of sign presence

1 River 15 38 77 61

2 Lakes/marshy/wetlands 18 0 49 39

Total 33 38 126 100

 20457758, 2025, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.71297 by IN

A
SP - N

E
PA

L
, W

iley O
nline L

ibrary on [03/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5 of 10

one scat sign was found at the boundary of the protected area 
(the edge of the Chaudhar River).

3.1   |   Physical Status of Wetlands and River

The average water depth in the wetland was 94.66 cm, while in 
the Chaudhar River, it measured 29.2 cm outside and 37.3 cm in-
side the Park. The average water channel width of the Chaudhar 
River was measured at 33.03 m. The water current in the wetland 
was stagnant with 75% of the location records indicating slow 
water flow. Similarly, 77% of locations in the Chaudhar River 
outside the protected area recorded slow water flow (Table 3). 

In terms of bank conditions, 83.3% of the wetlands observed no 
disturbance, compared to Chaudhar River locations both out-
side and inside the protected area. The majority of human dis-
turbance (95.5%) was observed in the Chaudhar River located 
outside the protected area, compared to wetlands and rivers in-
side the protected area.

During the study period, canopy cover of more than 50% was 
observed as higher in the wetlands and Chaudhar River in-
side the protected area compared to sampling locations outside 
the protected area. Among the human disturbances, livestock 
grazing (25.4%) and illegal sand mining (15.5%) were notable. 
Fishing (23.9%), disposal of solid waste (19.7%), infrastructure 

TABLE 3    |    Measurement of habitat variables in transects during field survey in wetlands and Chaudhar River inside and outside Shuklaphanta 
National Park (NP).

Variable Measure Wetlands
Chaudhar River 

outside NP
Chaudhar River 

inside NP

Average water depth (cm) Numerical 94.66 29.23 37.39

Average width of water channel 
(m)

Numerical 442.16 33.03 30.89

Water current (%) 1. Slow 0 75 77.1

2. Fast 0 25 22.9

3. Stagnant 100

Average bank slope (degree) Numerical 40.31 35.71 43.91

Bank condition (%) 1. High disturbance 0 15 2.9

2. Moderate disturbance 16.7 20 7.1

3. No disturbance (good) 83.3 65 80

Bank substrate (%) 1. Sand and Mud (< 2 mm) 98.2 67.75 92.7

2. Small stones (2-64 mm) 1.8 20.75 4.86

3. Big stones (64–256 mm) 0 11.5 2.7

4. Boulder/rock (> 256 mm) 0 0 0

Human disturbance index 
(HDI %)

1. High 0 95.2 0

2. Low 100 4.8 100

Human Disturbance factor (%) 1. Livestock grazing 0 25.4 5.6

2. Illegal sand mining 0 15.5 0.0

3. Fishing 0 23.9 2.8

4. Solid waste(pollution) 0 19.7 11.3

5. Infrastructure development 0 57.4 0

6. Washing and bathing 0 66.7 0

7. Human disturbances 0 25.4 4.2

Canopy cover (%) 0–25 16.7 81.0 25.0

26–50 16.7 9.5 15.6

Above 51 66.6 9.5 59.4

Shoreline vegetation (%) Visual 98 52.4 96.9

Fallen tree (%) Numerical 5.6 0 21.9

Note: % refers to the presence in the transect.
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development (57.4%), and washing and bathing (66.7%) were ob-
served higher in the Chaudhar River outside the protected area 
compared to sampling areas inside ShNP (Table 3).

3.2   |   Factors Affecting Habitat Selection

A total of 128 models, incorporating single or multiple linear 
combinations of the selected variables, were utilized to ascer-
tain the factors influencing the probability of smooth-coated 
otter occurrence in the study area (Table  S3). These variables 
included canopy cover (CC), human disturbance index, propor-
tion of soil (PS) and mud in bank substrate (PS), width of water 
current (WCW), average depth of river, water current, and slope 
of bank (S). Among these models, only three showed some sup-
port for the presence of the species in the study area (Table 4; 
Figure S1–S3). The residuals did not deviate significantly from 
what was expected from the model (Figure S1, S2 and S3) .

The cumulative model weight indicated that canopy cover, water 
channel width, and slope were the most important variables among 
the selected factors (cumulative model weight = 100%) showing a 
relationship with the occurrence of otters (Table 4). The Human 
Disturbance Index (HDI) (76.4%) and the proportion of sand and 
mud (PS) (70.3%) were identified as the next significant variables, 
contributing negatively and positively, respectively, to the presence 
of otters (Table 5). Water channel width emerged as a significant 
variable positively correlated with the presence of smooth-coated 
otters (Table  5). Conversely, bank substrate, fallen trees, water 
depth, water current, and water with sandy/muddy beds played an 
insignificant role in the occurrence of otters.

Model-averaged coefficient estimates highlighted that can-
opy cover, human disturbance index, and slope were the most 

significant factors influencing presence or absence. The likeli-
hood of otters being present increased with higher canopy cover 
and in areas with low human disturbance and lower slopes, 
although the significance for HDI and slope was marginal 
(Table 5).

4   |   Discussion

The study highlights the significant role of various environmen-
tal factors in determining the habitat suitability for smooth-
coated otters, particularly within Shuklaphanta National 
Park. Factors such as bank substrate composition (sand, mud, 
etc.), canopy cover, water channel width, riverbank slope, and 
human disturbance levels were identified as significant influ-
encers of smooth-coated otter presence. Among these, canopy 
cover emerged as the most important ecological variable in de-
termining the distribution of the otters. Otters prefer substrates 
like sand and small stones for various activities. Our findings 
are consistent with previous studies, emphasizing the critical 
role of habitat variables and human disturbances in shaping 
otter distribution (Acharya et  al.  2023; Kathariya et  al.  2023; 
Gwachha et  al.  2023; Basak et  al.  2021). Our study observed 
a negative influence of increased riverbank slope on otter 
presence.

Shoreline vegetation plays a vital role in offering escape 
cover for otters during foraging and movement, while also 
providing important resting and denning sites (Hussain 
and Choudhury 1995; Anoop and Hussain 2004; Nawab and 
Hussain  2012a; Basak et  al.  2021). Canopy-covered banks 
with tall, mature trees provide sheltered riverbanks, stable 
temperatures, and diverse food resources (Khan et  al.  2014; 
Chase et al. 2016; Virdana et al. 2024). Dense vegetation plays 

TABLE 4    |    The most parsimonious (delAIC < 2) models used to determine the probability of the presence of smooth-coated otter in Shuklaphanta 
National Park, Nepal.

Model df loglik AICc del AICc Weight

CC + HDI + PS + WCW + S 7 −18.636 53.2 0 0.467

CC + HDI + WCW + S 6 −20.341 54.1 0.90 0.297

CC + PS + WCW + S 6 −20.573 54.6 1.37 0.236

Abbreviations: CC, canopy cover; HDI, Human Disturbance Index; PS, proportion of sand and mud in bank substrate; S, slope of bank; WCW, width of water current.

TABLE 5    |    Model-averaged coefficients for the smooth-coated otter presence in ShNP.

Estimate Adjusted SE z value Pr(>|z|)

(Intercept) −6.49408 5.17171 1.256 0.20923

CC2 2.11435 1.04479 2.024 0.043

CC3 4.32937 1.39675 3.1 0.00194

HDIL 1.88975 0.93164 2.028 0.04252

PS 0.07998 0.05587 1.431 0.15232

WCW 0.02045 0.01249 1.637 0.10166

S −0.05446 0.02661 2.046 0.04071

Note: Variables significantly contributing to the presence of the species are shown in bold text.
Abbreviations: CC, canopy cover; HDI, Human Disturbance Index; PS, proportion of sand and mud in bank substrate; S, slope of bank; WCW, width of water current.
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a crucial role in otter habitat selection, as noted in previous 
studies (Nawab 2007; Jayasurya et al. 2022; Preston et al. 2006; 
Thom et al. 1998; Hussain 2002; Nawab and Hussain 2012b). 
These areas also contribute nutrients and organic matter to 
watercourses, boosting food availability in aquatic ecosys-
tems (Moun et al. 2024), which in turn support otter popula-
tions (Kausalya et al. 2006; Raha and Hussain 2016; Virdana 
et al. 2024).

Additionally, loose soil promotes otter presence, whereas hard 
soil negatively affects it (Shenoy et  al.  2006). Shuklaphanta 
National Park, with its Chaudhar River, freshwater lakes like 
Rani Tal and Shikari Tal, and expansive grasslands and ripar-
ian vegetation, provides an essential habitat for smooth-coated 
otters (Acharya et al. 2023). These findings offer important in-
sights into the habitat preferences and factors that influence 
otter presence. The physical status of the wetlands and Chaudhar 
River demonstrated that areas with higher water depths and 
moderate to slower water currents inside ShNP provided more 
suitable habitats for otters. This aligns with Kruuk (2006), who 
highlighted that otters prefer areas with stable water levels and 
reduced human activities. Our study identified canopy cover, 
water channel width, and bank slope as the most significant 
variables influencing otter presence. This is consistent with 
the findings of Nawab and Hussain (2012a), who also reported 
the importance of these habitat characteristics in their study 
of otters in India, and Kathariya et al. (2023) and Acharya and 
Lamsal (2010) in Nepal. Gentle bank slopes are preferred, mini-
mizing energy expenditure during foraging and grooming activ-
ities (Nawab and Hussain 2012a; Khan et al. 2014).

Precipitation in the driest month, warmest quarter, or driest 
quarter has a significant influence on habitat suitability for 
smooth-coated otters in Nepal (Acharya et al. 2023). Grasslands 
and riverine forest habitats benefit from such precipitation, en-
suring suitability for otters. However, decreased water levels 
affect wetlands and foraging grounds (Acharya  2017). Thus, 
minor changes in climate and land use variables could alter hab-
itat suitability for otters (Acharya et al. 2023).

In ShNP and its wetlands, restricted fishing supports a stable 
otter population by mitigating anthropogenic pressures. High 
occurrences of otter indicators such as scats and tracks, espe-
cially within 10 m of the shoreline with sandy substrates, sup-
port previous findings (Khan et al. 2014; Joshi et al. 2021; Thapa 
et  al. 2021). Awasthi et  al.  (2024) reported that otter presence 
in ShNP wetlands and nearby rivers is unaffected by microbial 
parameters. However, vegetation type and water quality sig-
nificantly impact their presence. In the Terai's protected areas, 
riverine grasslands are dominated by Saccharum spontaneum, 
Saccharum arundinaceum, Phragmites vallatoria, Erianthus 
ravennae, Imperata cylindrical, and Zizyphus rugosa, providing 
crucial shelter for otters (Acharya et al. 2023). This underscores 
the importance of essential habitat characteristics for smooth-
coated otter conservation, emphasizing the necessity of large 
rivers and water bodies with managed prey bases and minimal 
human activities (Nawab and Hussain 2012a; Dias et al. 2022).

Smooth-coated otter occurrence is primarily limited to pro-
tected areas within ShNP, rendering them vulnerable to 
activities beyond these boundaries. Illegal activities such 

as sand mining and unlicensed fishing, prohibited within 
Nepal's protected areas under the National Park and Wildlife 
Conservation Act of 1973, have heavily disturbed the river be-
yond the protected zone (Bashyal and Yadav 2020). Human dis-
turbances such as livestock grazing, illegal sand mining, and 
infrastructure development, predominantly observed outside 
the protected area, negatively impact habitat suitability. This 
aligns with Weinberger et al. (2019), who emphasized the im-
portance of restoring riparian vegetation to support otter pop-
ulations in human-dominated landscapes. Our study further 
highlights that the Human Disturbance Index is a critical neg-
ative factor affecting otter presence, as shown by the model-
averaged coefficients. No signs of otters were observed outside 
protected areas, particularly in the buffer zone and upstream 
of the Chaudhar River, due to anthropogenic disturbances 
(Acharya 2017; Gwachha et al. 2023). Fishing and sand/gravel 
extraction significantly contribute to their absence (Acharya 
and Lamsal 2010; Acharya et al. 2022). Shuklapantha, a wet-
land landscape, features a mix of habitats, with sparse canopy 
cover in open areas dominated by grasses and shrubs, contrast-
ing with denser canopies in forested zones within the National 
Park. This variation supports diverse ecological functions: 
open wetlands enhance prey availability and thermoregulation 
for ShNP otters, while forested areas provide cover. However, 
the open structure increases otter visibility and vulnerabil-
ity to human disturbance. The unique habitat dynamics of 
Shuklapantha highlight its ecological significance for otters, 
underscoring the need for tailored conservation strategies to 
mitigate human impacts and preserve this critical wetland 
ecosystem.

However, otters may inhabit areas without leaving spraints 
(scat) and can temporarily vacate a site but return later for 
marking or foraging (Hussain and Choudhury  1995; Acharya 
and Rajbhandari 2011; Nawab and Hussain 2012a). Informal in-
terviews with local residents suggest that otters were once prev-
alent in the study area during the 1990s outside the protected 
zone. Habitat degradation due to human disturbance has led 
to a decline in habitat quality and subsequently, a decrease in 
the otter population. Despite these challenges, there is a high 
likelihood that otters could return with suitable habitat vari-
ables such as bank substrate composition, shoreline vegetation, 
and water body width. This is supported by findings in Koshi 
Tappu Wildlife Reserve, where photographic evidence showed 
otters reappearing after a decade (Mishra et  al.  2022), and in 
the Rapti River of Chitwan National Park (pers. comm. Milan 
Tamang, 2023). Deforestation, changes in canopy cover, and the 
conversion of riparian vegetation for agriculture affect the suit-
ability of habitat for smooth-coated otters (Acharya et al. 2023) 
Restoring riparian vegetation is essential for supporting otters in 
human-dominated landscapes (Weinberger et al. 2019; Acharya 
et al. 2023).

The study underscores the need for active conservation mea-
sures, including research, habitat protection, and aquatic spe-
cies management, to ensure the survival of smooth-coated 
otters. Human disturbances like illegal fishing, sand, boulder 
collection, and grazing were prevalent near the Chaudhar 
River human settlement site. Urgent conservation needs in-
clude field research, monitoring, stringent habitat protection, 
and aquatic species management protocols.
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5   |   Conclusion

Smooth-coated otters were predominantly observed within the 
protected areas of Shuklaphanta National Park. Their presence 
was positively influenced by canopy cover, a higher proportion 
of sand and mud, and wider river channels. In contrast, otter 
occurrence declined with increased human disturbance and 
steeper riverbank slopes, while water depth and current had no 
significant effect. Outside the Park, suitable habitats are heavily 
impacted by anthropogenic disturbances, limiting otter distri-
bution. Conservation efforts should focus on mitigating human 
activities, enhancing habitat quality, and raising community 
awareness. Further research on habitat preferences and regular 
monitoring of water quality and vegetation are essential to sup-
port otter conservation both within and beyond protected areas. 
Regular monitoring of water quality and vegetation, along with 
efforts to reduce anthropogenic activities, is urgently needed to 
conserve the smooth-coated otter and its habitat in the western 
lowlands of Nepal.
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