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Abstract: Otters are a key indicator species for assessing ecological integrity and are highly
vulnerable to habitat alteration and environmental pollution. The Smooth-coated otter
inhabits both terrestrial and aquatic habitats, preferring shallow water, soft sand and clay
riverine banks, and riparian vegetation with good coverage. In our study, we conducted field
surveys and analyzed various factors such as water quality, human disturbance, and
vegetation structure to to investigate the correlation between otter presence and these
parameters. This study reported that Smooth-coated otter habitat in the western Terai is
influenced by water quality, vegetation structure, and human activities. Human disturbance
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has a negative relationship with otter presence, whereas tree canopy is positively correlated
with otter presence. The water quality paramete rs (temperature ranging around 37-38 °C,
pH around 8, Dissolved Oxygen ranging from 5.12 -5.91 mg/L, Biological Oxygen Demand
> 3.35 to 4.55 mg/L and a high concentration of chloride and hardness are the preferred
habitat conditions for the Smooth-coated otter. Microbe concentration in the water appears
to have no relation with otter presence. This study suggests that riparian vegetation and
water quality is likely to affect the capacity of a river or wetlands to support otter
populations, and habitat restoration can encourage their return to areas where they are
currently absent. Regular monitoring of water quality and vegetation, together with reduced
anthropogenic pressures, are urgent needed to maintain long-term population and habitats
of Smooth-coated otter in river basins of western lowlands of Nepal.
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INTRODUCTION

Otters are a top predator and keystone species in freshwater ecosystems and
considered to be important biological indicators of wetland health (Kruuk, 2006). The
Smooth-coated otter (Lutrogale perspicillata) inhabits both terrestrial and aquatic
habitats, preferring shallow water, soft sand and clay riverine banks, and riparian
vegetation with good coverage (Acharya and Lamsal, 2010). The distribution of
potential Smooth-coated otter habitat has been identified throughout the Terai region
of Nepal, (Hodgson, 1839; Houghton, 1987; Acharya, 2006, Awasthi and Yoxon,
2018), but was predicted to be highly aggregated in protected areas, particularly in
Bardia National Park, Suklaphanta National Park and Koshi Tappu Wildlife Reserve
(Acharya and Lamsal, 2010; Acharya and Rajbhandari, 2014; Joshi et al., 2021;
Acharya et al., 2023).

Smooth-coated otters are under threat from anthropogenic pressures such as
habitat fragmentation and conflict with humans, including overfishing and habitat
disturbance (Acharya and Rajbhandari, 2014). The Smooth-coated otter is listed as
Vulnerable in the IUCN Red List (Acharya et al., 2023) and on Appendix | of the
Convention on International Trade in Endangered Species.

Despite its importance as an indicator of aquatic habitat health (Foster-Turley et
al., 1990; Yonzon, 1998), otter species in Nepal are inadequately addressed by
conservation policies in comparison to mega-vertebrates (Acharya, 2017; Acharya et
al., 2022). In the Terai Arc Landscape (TAL), the riverine indicator species are facing
severe threats due to increasing human disturbances on water resources, such as
irrigation intakes, bridges, sedimentation, over-fishing, habitat destruction, sand and
stone mining, extraction of shoreline vegetation, firewood and grass cutting, livestock
grazing, movement of people in Ghats, water pollution, and climate change (Acharya
and Rajbhandari, 2014; Thapa et al., 2020; Joshi et al., 2021; Acharya et al., 2022;
Shrestha et al., 2023).). Wetlands face various challenges, including reduction in area,
sediment deposition, eutrophication, pollution, and contamination by harmful
substances from untreated waste disposal (Niraula, 2012; Pant et al., 2019; Bhatta et
al., 2022). These factors contribute to the decline of otter populations and a reduction
in their distribution range (Acharya and Rajbhandari, 2014; Thapa et al., 2020). The
presence of otters in freshwater ecosystems is linked to good water quality and
vegetation (Kruuk, 2006). The deterioration of water quality directly impacts the food
sources of otters, such as fish and crustaceans (Peterson and Schulte, 2016; Scorpio et
al. 2016; de Almeida & Ramos Pereira, 2017).
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When assessing otter populations and distribution, it is important to investigate
water quality. This involves monitoring the physical and chemical factors such as pH,
salinity, oxygen concentration, and turbidity, as well as biological parameters such as
the invertebrate community and thermo-tolerant coliforms (Bartram and Balance, 1996;
Bedford, 2009). Additionally, the quality of water in terms of physical, chemical, and
biological aspects varies based on factors such as basin shape and size, depth, light
penetration, precipitation, location, temperature, surrounding soil composition,
dissolved minerals, and pH (Bedford, 2009; de Almeida and Ramos Pereira, 2017).

There is little information on such relationship of water quality with the
spatiotemporal occurrence of Smooth-coated otters in Nepal. (Acharya and
Rajbhandari, 2014). Otter populations are usually monitored by assessing their
sprainting activity along rivers (Ottino and Giller, 2004; McCafferty, 2005; Preston et
al., 2006). However, research shows that sprainting varies seasonally and thus may not
give an accurate assessment of population distribution (Yoxon and Yoxon, 2014).
Knowledge on habitat requirements, i.e. water quality, vegetation cover and stream
flow, is crucial to the conservation and management of this threatened riverine indicator
species. This study explores how water quality, vegetation cover and river flow
influence the occurrence of Smooth-coated otters (based on sign survey and local
knowledge on the population trends) in Terai region of western Nepal.

MATERIALS AND METHODS
Study area

The study was carried out in Shuklaphanta National Park (ShNP) of Kanchanpur
District and Mohana River of Kailali District, Sudurpaschim Province Nepal. The ShNP
covers 305 km? with open grasslands, riverbeds, and mixed forests and is surrounded by
a buffer zone (243.5 km?) with similar characteristics (DNPWC, 2019). The study
focused five site area with previous records of otters 1) Chaudhar River inside the ShNP
(ShNP(R), 2) Chaudhar River junction, river entry area of the Park (ShNP(RJ), 3) lakes
within the ShNP: Rani Tal, Salgaudi Tal, Baba Tal, and New Pokhari, hereafter
collectively called wetlands (ShNP(W). The river stretches where otters were believed
to be absent 4). Chaudhar River outside the ShNP settlement site (SR), 5) the Mohana
River (MR), which originates in the Mahabharat Range and acts as a boundary between
Kailali and Kanchanpur Districts (Fig. 1). The climate of the study areas is subtropical
with an average maximum temperature of 37 °C and the average minimum of 7 °C.
Annual rainfall ranges up to 2,016 mm.

Otter Presence/Absence Data Collection

Otter sign surveys were conducted in November 2020, March, 2021 and March,
2022. Twenty transects of 200 m were sampled, with 600 m between transects, four in
each side of the riverbank to avoid spatial autocorrelation in data and one transect in
each of the wetlands. In the transect surveys, we did not count the number and density
of otter sign; if sign (e.g., latrine sites, tracks, scats and dens) was present and directly
sighted then we recorded this as otter presence. We also confirm the presence of otters
based on previous published documents as well as unpublished data of otter presence
(Thapa et al., 2020; Joshi et al., 2021; Acharya et al., 2023; Awasthi et al., in press),
and key informant surveys (local people, fishermen, nature guides, park administrators,
were also taken into consideration in order to determine the presence of the Smooth-
coated otters (Figure 1).
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Figure 1. Map of study sites (brown circles indicate water sampling points
and red dots indicate indirect sign points of Smooth-coated otters).

Water Sampling and Analysis

Water samples were systematically collected at depths of 20-30 cm at locations
in the study rivers and wetlands in March 2022. Altogether, 54 samples of water were
collected; among these 39 samples were collected near recorded otter sign. Sterile
polyethylene bottles with a capacity of 1 litre were used to collect water samples.
Samples were acidified immediately by adding 2 ml of concentrated HNO3z as described
by the American Public Health Association (APHA 2005). The samples were delivered
to the laboratory of Siddhanath Science Campus, Tribhuvan University, Nepal. Until
analysis, all samples were kept refrigerated at 4 °C. The samples were filtered using a
0.45 um milli-pore nitrocellulose filter and the filtrate was collected in 20 mL HDPE
bottles (Pant et al., 2019). pH, temperature, dissolved oxygen, biological oxygen
demand, chloride, and hardness are important parameters affecting aquatic organisms
and ultimately have direct or indirect effects on the water quality, aquatic diversity and,
potentially, on otter presence. Therefore, these parameters were measured in the
collected samples. Water temperature (WT) and pH were measured at sample sites
using a digital meter. Chemical parameters, including hardness (H), dissolved oxygen
(DO), biological oxygen demand (BOD), and chloride concentration were analyzed
using standard methods (APHA, 2005). Microbiological analysis was performed using
the standard membrane filtration technique for total coliform counts and thermotolerant
coliform. Isolates were identified by biochemical testing (Pal et al., 2019).

Habitat Parameters

Habitat variables were measured at each of the water sampling sites. Habitat
variables included average depth, water channel width, width of channel with
sandy/rocky/muddy bed, water flow velocity, bank side condition (based on human
disturbances parameters such as pollution, livestock grazing, illegal sand mining,
fishing, clothes washing, bathing infrastructures, construction and invasive plant
species) (Table 1). Also, 16 plots of 10x10 m? each were sampled in ShNP and 16 plots
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along the otter absent sites. Tree species occurring within each plot was reported.
Shrubs and herbs were recorded from 5x5 m? and 1x1 m? plots respectively within each
of the large plots. Plant species were identified with the help of experts. The water
channel width of wetlands was considered as the width of the wetland with water area.
Width® considered as the width of river including the width with sandy/rocky bed.

Table 1. Predictor variables.

Variable Description Measure Type of
Variable
Flow Water flow velocity 1 - Slow Categorical
2 — Fast
3 — Stagnant
Slope Riverbank slope 1 - Flat Categorical

2 — Gentle slope
3 — Steep slope

Bank side Human Disturbance Index (HDI)* 1 — High disturbance Categorical
condition 2 — Moderate disturbance
3 — No disturbance

Depth Average depth Centimeter (cm)
Width Water channel width Meter (m)
Width_shoreline River width with sandy/rocky Meter (m)

shoreline
Otter Presence PR

Absence AB

* Disturbance factor: 0 = no disturbance, 1-3 moderate disturbance and >3 high disturbance.

Data Analysis

This study employed descriptive analysis, including the calculation of mean,
standard deviation, and standard error of the mean. Additionally, a water sampling
location and otter distribution map was created using Arc Map 10.3. The statistical
analysis was performed using SPSS version 20 software. One-way ANOVA was
conducted for Dissolved Oxygen (DO), and the Kruskal-Wallace Test was conducted
for Temperature, pH, BOD, and Chloride. However, there were insufficient samples for
a hardness analysis. The association between otters and microbial parameters was
examined using the Chi-Square Test. Canonical correspondence analysis (CCA) (Ter
Braak 1987), an extension of reciprocal averaging and DCA, was used to relate otter
species and water quality to the vegetation variables described in the vegetation
analysis. With CCA, the species ordination axes are constrained to be linear
combinations of specified environmental variables (Ter Braak, 1987). The association
between the most important vegetation variables (identified by CCA) and otter species
presence/absence at five sites was assessed using Spearman rank correlation
coefficients. The relationship between otter presence and water quality and vegetation
variables was visualized using a biplot of otter presence/absence and vegetation
variables (Fielding and Brusven, 1993).

RESULTS
Physical Status of Wetlands and River

Physical parameters, average water depth (cm), water channel width (m), river
width (m), water flow velocity, bank slope, and bankside condition and otter presence
or absence are given in Table 2. The depth of wetland was 92.57 (cm) £ 2.11 followed
by Chaudhar River, Mohana River and Chaudhar River (Settlement Site) (Table 2).
Similarly, the water channel was wider in wetlands (average width of the wetland,
Hruby, et al., 1999), followed by Chaudhar Junction, river and settlement sites, and the
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Mohana River. Riverbank slopes at all river sites were flat to gentle and the wetland
sites were flat. The habitat condition was good in wetlands and the Chaudhar River of
ShNP, but poor to moderate in human settlement sites of the Chaudhar River and
Mohana River (Table 2).

Table 2: Physical measurement results at wetlands and river sampling sites.

Location Mohana Chaudhar Chaudhar Chaudhar Lakes
River (MR) River outside River River within the
the ShNP at junction, inside the ShNP:
settlement site river entry ShNP Rani Tal,
SR area of the ShNP(R) Salgaudi
Park Tal, Baba
ShNP(RJ) Tal, and
New
Pokhari
(ShNP(W)
Site Type River River River River Wetland
Average 36.75 27.74 27.90 37.69 92.57
Depth(cm) +1.85 +1.80 +2.25 +2.97 +211
(mean + sd)
Water channel 24.87 29.38 38.98 33.18 93.67
width(m) +2.36 +4.64 +555 +2091 +78.17
(mean + sd)
Slope Flat - Gentle Flat - Gentle Flat - Gentle | Flat - Gentle Flat
Slope Slope Slope Slope
River Width 30.87 37.78 49.42 3541 -
with +251 +4.03 +6.86 +5.28
sandy/rocky
bed(m)
(mean £ sd)
Water flow Slow-Fast Slow-Fast Slow Slow Stagnant
velocity
Bank side Poor - Poor - Moderate Moderate - Good Good
condition Moderate Good
Otter AB AB PR PR PR

Physico-Chemical Parameters of Water

There was significant variation in all physico-chemical parameters of water
among different sites (P<0.001) (Table 3). Temperature was high in ShNP (RJ),
followed by ShNP (R) and ShNP (W) and low in the MR (Table 1). Similarly, pH was
found near 8 in all sites except MR, at 7.80.

DO value was found the highest in ShNP(W) followed by ShNP(RJ), ShNP(R),
MR and lowest in SR, but there were no significant differences among ShNP(W),
ShNP(R), and ShNP(RJ). Similarly, BOD was found highest in ShNP(R) followed by
ShNP(RJ), ShANP(W), SR and lowest in MR. Chloride was found to be high at ShNP(R),
followed by ShNP(RJ), ShNP(W), SR and lowest in MR. Water hardness was higher
in ShNP(R), and lowest in ShNP(RJ) (Table 3).
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Table 3: Physico-chemical parameter of Water at sampling sites (n=number of sample)

Site Mohana Chaudhar Lakes Chaudhar  Chaudhar P value
River River within the River River
(MR) outside the ShNP: inside the  junction,
ShNP at Rani Tal, ShNP river entry
settlement  Salgaudi ShNP(R) area of the
site Tal, Baba Park
SR Tal, and ShNP(RJ)
New
Pokhari
(ShNP(W)
(n=8) (n=8) (n=18) (n=8) (n=12)
Temperature 31.77 31.76 37.13 38.12 38.29 <0.001
+0.24 +0.24 +0.27 +0.10 +0.25
pH 7.8 8 8.2 8.2 8.2 <0.001
+0.55 +0.33 +0.82 +0.20 +0.41
DO 5.25 5.12 5.12 5.49 5.69 <0.001
+0.31% +0.102 +0.102 +0.163° +0.13%¢
BOD 3.66 3.35 4.44 4.55 4.52 <0.001
+0.972 +0.732 +0.16° +0.12° +0.74"
Chloride 79.87 81.86 104.35 137.73 124.85 <0.001
+5.152 +3.38® +5,89bc +5,03¢ +4.14«
Hardness 204.00 196.00 196.00 220.00 168.00

One-way ANOVA in DO and Kruskal-Wallace Test in Temperature, pH, BOD, and Chloride. There
were not enough samples to carry out a statistical analysis of water hardness. Superscripts @ to ¢
indicate significant differences among the sites.

Otter Presence correlated with Microbial Parameters

Eight microbes were analyzed to correlate with otter presence. Based on a chi
square test, there was no relationship between otter presence or absence with microbial
parameters. However, the Pearson chi square value was high in Shigella dysenteries
followed by Bacillus subtilis, Escherichia faeclis, E. coli, K. pneumoniae, Salmonella
paratyphi, Salmonella typhi and lowest for Vibrio cholera (Table 4).

Table 4: Association of microbial parameters with otter presence (Chi-Square Test).

K. E. Bacillus Salmonella Salmonella  Shigella Escherichia Vibrio
pneumoniae coli  subtilis typhi paratyphi  dysentriae faeclis cholera

Value 0.284 1.033 1.243 0.98 0.284 2.438 1.034 0.71
P - 0.594 0.31  0.265 0.754 0.594 0.118 0.309 0.79

Value

Vegetation Composition and Environmental Factor (CCA)

Bankside vegetation of wetlands and rivers may have impacts on water quality
parameters. The CCA biplot shows that six species Parthenium hysterophorus,
Dryopteris filix, Ipomea carnea, Ageratum houstonianum, Scchharum spontaneum, and
Bombex ceiba were positively associated with high pH and DO with waters. The species
Persicaria barbata, Xanthium strumarium, Imperata cylindrical, Cynodon dactylon,
Hemarthria compressa, Dalbergia sisoo were negatively associated with pH and DO.
Similarly, twelve species, Ageratum houstonianum, Colebrookea oppositifolia,
Murraya koenigii, Clerodendrum viscosum, Syzygium cumini, Lantana camara,
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Ipomea carnea, Bombex ceiba, Trewia nudiflora, Flemingia strobilifera, Acacia
catcheu, and Clerodendrum viscosum were positively associated with chloride,
temperature, and BOD. The species Mallotus philippinensis, Saccharum bengalensis,
Flemingia strobilifera, and Acacia catcheu were negatively associated with chloride,
temperature, and BOD (Fig. 2).
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Figure 2. A CCA biplot showing effect of vegetation on water parameters (Abbreviations: Aca.cat-
Acacia catcheu, Age.hou-Ageratum houstonianum, Bom.cei-Bombex ceiba., Cle.vis-Clerodendrum
viscosum., Col.opp-Colebrookea oppositifolia., Cyn.dac-Cynodon dactylon., Cyp. rot-Cyperus
rotundus., Dal.sis-Dalbergia siso., Dry.fil-Dryopteris filix., Fic.rac-Ficus racemose, Fle.str-Flemingia
strobilifera, Hem.com-Hemarthria compress, Imp.cyl- Imperata cylindrical, Ipo.car-lpomea carnea,
Lan.cam-Lantana camara, Mol.phi-Mallotus philippinensis, Mur.koe- Murraya koenigii, Par.hys-
Parthenium hysterophorus, Per.bar-Persicaria barbata, Pog.ben-Pogostemon benghalensis, Syz.cum-
Syzygium cumini, Sac.spo-Sacchharum spontaneum, Sac.ben-Saccharum bengalensis, Tre.nud-Trewia
nudiflora, Xan.str-Xanthium strumarium).

Effect of Vegetation on Otter Presence

A CCA analysis was done to characterize the effect of vegetation on sign of otter
presence. The CCA biplot in the Fig. 3 depicts otters present at sites with the species
Ageratum houstonianum, Ipomoea carnea, Dryopteris filix, Parthenium hysterophorus,
Sacchharum spontaneum, Ficus racemos, indicating a positive correlation. Also,
Syzygium cumini, Pogostemon benghalensis, Mallotus philippinensis, Clerodendrum
viscosum, Bombex ceiba, Colebrookea oppositifolia, and Murraya koenigii were also
associated with otter presence.
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Figure 3. CCA biplot showing relationship of vegetation with otter sign (full name of plant species
given in Fig. 2).

DISCUSSION

Habitat selection by Smooth-coated otters has been reported to be associated with
water quantity (Scorpio et al., 2016) and complexity of riverbank vegetation (Pedroso
et al., 2014), bankside canopy cover (Scorpio et al., 2016; de Almeida and Ramos
Pereira, 2017), presence of mature vegetation for denning (McCafferty, 2005; Kruuk,
2006), and availability of prey and shelter for resting, grooming and breeding (Anoop
and Hussain, 2004).

The Chaudhar River stretches outside the protected area (SR) and Mohana River
were highly disturbed due to anthropogenic activities such as fishing and sand and
gravel extraction, at a greater intensity of human disturbance as compared with habitat
inside the protected area (Awasthi, unpublished data; Khan et al., 2014). In this study,
otter sign was not found along the Chaudhar River located outside the protected area
and Mohana River (Fig. 1). The presence of otters in the riverine ecosystem of Kailali
districts was mentioned by Suwal and Verheught (1995). Local fishers have also
indicated a potential presence of otters in the river, although they have not observed
any signs recently. However, one fisherman reported observing an otter about 30 years
ago. But in recent time, otters have not been reported as present in the Mohana River
and no evidence of their presence has been found. We did not analyze the causes for
absence of otter along the Mohana River, but the characteristics of water and vegetation
were analyzed. In addition to the effects of vegetation and water quality, another reason
for the absence of otters may be a limitation of food resources in the river (Bedford,
2009; de Almeida and Ramos Pereira, 2017). According to local people, there are only
small fish in this part of the Mohana River. There are also high levels of human
disturbance in the Mohana River, including fishing, grazing, sand extraction, bathing
and clothes washing (Thapa et al., 2020; Joshi et al., 2021; Acharya et al., 2022). A
detailed study of otter presence, using camera traps, is needed to confirm the presence
or absence of otters in the Mohana River, considered a potential site for otter presence.
Other rivers and wetlands in Kanchanpur and Kailali, located in the same landscape
and watershed, have provided evidence of otter presence. Otter signs on the Chudhar
River and wetlands of ShNP, where otters are documented in undisturbed portions of
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the protected area, indicate otter preference for undisturbed sites (Acharya and Lamsal,
2010).

The physical parameters of rivers and wetlands, such as average depth(cm), water
channel width, slope, water velocity are similar between sites, with the exception of
bank side condition, which are poor in the SR and MR. This appears to suggest that
habitat regeneration could potentially reestablish otter populations where they currently
appear to be absent (Bedford, 2009).

Overall, water quality parameter temperature, pH, DO, BOD, chloride and
hardness did not differ significantly between otter presence and absence sites. However,
the water quality parameters of temperature, pH, DO, BOD, chloride and hardness are
higher in ShNP(W), ShNP(R), and ShNP(RJ) than in the Mohana River (MR) and
Chaudhar human settlement sites (SR) (Table 3). Otters were present in sites with high
values of these five water quality parameters. It appears that otters may prefer
temperatures ranging near 37-38 °C, pH around 8, DO ranging from 5-6, BOD >3 to 4
and high concentration of chloride and hardness (Table 3). The optimal ranges of water
quality parameters support the growth and development of aquatic plants and animals
(Clarke et al., 2003). Low levels of dissolved oxygen can lead to anoxic conditions,
suffocating aerobic organisms (Bedford, 2009). Otters in coastal environments need
fresh water for drinking and bathing (Abdul-Patah et al., 2014). High salinity
concentrations are documented to have negative impacts on otters (Dias et al., 2022).
A high concentration of organic matter can decrease dissolved oxygen availability,
resulting in a decrease in the diversity and abundance of otter prey like fish and
macroinvertebrates (Damanik-Ambarita et al., 2016; Papadaki et al., 2016). Monitoring
water quality is crucial for managing riverine systems and promoting sustainable water
use. This is essential for the conservation of freshwater ecosystems. Insufficient water
quantity can adversely affect otters, particularly in relation to their food sources, such
as fish abundance (Papadaki et al., 2016).

This study also examined the relationship between otter presence and vegetation
cover. Contrary to previous studies (Thom et al., 1998; McCafferty, 2005; Preston et
al., 2006), no significant relationship was found. Bankside areas with dense canopy
cover, characterized by taller and older trees, offer more protection to riverbanks,
resulting in less temperature variation and a greater diversity of food resources (Chase
et al., 2016). These areas also supply nutrients and organic matter to watercourses
(Swanson et al., 2017; Taniwaki et al., 2017) and are favorable for otter presence
(Rheingantz et al., 2014).

The CCA biplot shows that six species Parthenium hysterophorus, Dryopteris
filix, Ipomea carnea, Ageratum houstonianum, Scchharum spontaneum, and Bombex
ceiba were positively associated with high pH and DO, indicating that leachates from
these species contribute the water quality by increasing the pH and DO (Musser, et al.,
2019).The species Persicaria barbata, Xanthium strumarium, Imperata cylindrical,
Cynodon dactylon, Hemarthria compressa, Dalbergia sisoo were negatively associated
with pH and DO. These species contribute chemicals through leaching that reduce the
pH and DO (Saklaurs et al., 2022). Similarly, twelve species Ageratum houstonianum,
Colebrookea oppositifolia, Murraya koenigii, Clerodendrum viscosum, Syzygium
cumini, Lantana camara, Ipomea carnea, Bombex ceiba, Trewia nudiflora, Flemingia
strobilifera, Acacia catcheu, and Clerodendrum viscosum were positively associated
with chloride, temperature and BOD parameters. The species Mallotus philippinensis,
Saccharum bengalensis, Flemingia strobilifera, Acacia catcheu were negatively
associated with chloride, temperature and BOD. These species may release a lower
amount of chloride and may shade the water to reduce temperature and reducing BOD.
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The CCA biplot analysis indicates that otter sign was found near sites dominated
by B. ceiba, M. philippensis, C. viscosum, C. oppositifolia, L. camara, S. cumini, I.
carnea, S. spontaneum, A. houstonianum, and T. nudiflora. These tree species provide
a suitable high canopy habitat for otters (Scorpio et al., 2016; de Almeida and Pereira,
2017). The CCA biplot (Fig. 2) also reveals the influence of vegetation on water quality
and its association with otter habitat. Furthermore, there was no significant difference
in plant species diversity between the sites. The study also examined the relationship
between otter sign and microbial parameters in the water, but the chi-square test did not
show any significant association (Table 4).

The sampled waterways along MR and SR were heavily used by humans;
nonetheless, bankside vegetation is sufficient to provide cover for otters. If local otter
populations were to migrate to these river stretches, and human disturbances reduced,
they may provide suitable otter habitat.

Our study has several limitations that prevent a complete analysis of potential
otter habitat. Other factors such as electrical conductivity, turbidity, total suspended
solids, ammonia, nitrate, orthophosphate, and COD (Acharya and Rajbhandari, 2014)
may be relevant parameters and have an impact on otter habitats, populations, and the
overall ecosystem health of wetlands. In order to determine the suitability of the
Mohana river for Smooth-coated otters, additional information and detailed surveys are
needed. Future studies should focus on assessing the status, and potential habitat
evaluation and restoration. Our knowledge of habitat restoration and restoration of
otters and their ecological functions is limited, so it is important to further examine
parameters of potential suitable habitat, particularly in terms of the impact of the species
on other crucial ecological services.

Management Implications

Currently, there is insufficient knowledge regarding the restoration of degraded
habitat and the prediction of rewilding otter species to sites where they have been
extirpated. In this study, we examined water quality parameters and vegetation in sites
with and without otter presence. Our findings suggest that the overall habitat quality of
sites where otters were recently extirpated is potentially suitable for future
recolonization or expansion Smooth-Coated otters. Otters are considered keystone
species that significantly impact the structure and function of wetland ecosystems,
enhanceing the ecological well-being of water resources. This study provides a valuable
foundation for determining potential habitats of Smooth-coated otters in far western
Nepal. The analysis of the habitat parameters presented here have management
implications, by offering further characteristics of suitable otter habitats and supporting
evidence for rewilding efforts in rivers and wetlands.

CONCLUSION

Our study indicates that otter habitat in the Western Terai region of Nepal is
influenced by water parameters, vegetation structure, and human disturbances.
Negative relationships were found between otter sign and fishing activities, livestock
grazing, and sand and gravel extraction, while a positive correlation was observed
between otter presence and tree canopy. Our analysis indicates that suitable habitat
conditions of the water environment of the Smooth-coated otter include water
temperatures ranging around 37-38°C, pH around 8, Dissolved Oxygen levels ranging
from 5-6 mg/L, Biological Oxygen Demand between 3.35 to 4.55 mg/L, and high
concentrations of chloride and hardness. Microbe concentration in the water was found
to be unrelated to indications of otter presence. In sum, our study suggests that the
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presence of riverbank vegetation and water quality can impact the ability of rivers and
wetlands to support otter populations, and that habitat regeneration may encourage otter
to return to areas which they no longer inhabit. Urgent actions to conserve the Smooth-
coated otter and its habitat in the western lowlands of Nepal include regular monitoring
of water quality and vegetation, as well as managing anthropogenic activities. These
research findings should be considered when developing otter reintroduction strategies
and management plans in human-dominated landscapes.
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ANNEX 1: CCA STATISTICS - VEGETATION COMPOSITION AND
ENVIRONMENTAL FACTORS.

Effect of Vegetation on Water Parameters

Inertia Proportion p-Value
Constrained 0.4525 0.2186 0.001
Unconstrained 1.6172 0.7814
Importance of Components
CCA1l CCA2 CCA3 CCA4
Eigenvalue 0.2166 0.09869 0.06464 0.04174
Proportion 0.1046 0.04768 0.03123 0.02017

explained
Biplot Scores for Constraining Variables

CCA1 CCA2 CCA3 CCA4
Temperature 0.9423 -0.1856 -0.05138 -0.23263
pH 0.8086 0.5643 -0.107 -0.01057
DO 0.4378 0.2262 -0.29725 -0.64163
BOD 0.7857 -0.3109 -0.38548 -0.3704
Chloride 0.8703 -0.1437 -0.20325 0.1524

Effect of Water Parameters on Otter Presence

Inertia Proportion
Constrained 0.2083 0.1006
Unconstrained 1.8614 0.8994
Importance of Components

CCA1 CCA2 CCA3 CCA4
Eigenvalue 0.2083 0.3692 0.2241 0.1634
Proportion 0.1006 0.1784 0.1083 0.07895

ANNEX 2: EFFECT OF VEGETATION ON OTTER PRESENCE

Inertia Proportion P-value
Constrained 0.2333 0.1111 0.001
Unconstrained 1.8659 0.8889

Eigenvalues, and their Contribution to the Scaled Chi-Square
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CAl CA2 CA3 CA4 CA5
Eigenvalue 0.2333 0.3751 0.2118 0.1784 0.15251
Proportion 0.1111 0.1787 0.1009 0.0850 0.07265

RESUME : LES EFFETS DE LA QUALITE BIOLOGIQUE DE L’EAU SUR LA
PRESENCE DE LA LOUTRE A PELAGE LISSE DANS L’EXTREME OUEST
DU NEPAL

Les loutres sont une espéce indicatrice clé pour évaluer 1’intégrité écologique et sont
trés vulnérables a 1’altération de 1’habitat et a la pollution de I’environnement. La
Loutre a pelage lisse habite a la fois des habitats terrestres et aquatiques, préférant les
eaux peu profondes, des berges fluviales de sable mou et d’argile, ainsi qu’une
végétation riveraine avec une couverture satisfaisante. Dans notre étude, nous avons
mené des enquétes sur le terrain et analysé divers facteurs tels que la qualité de I’eau,
les perturbations humaines et la structure de la végétation afin d’étudier la corrélation
entre la présence des loutres et ces parametres. Cette étude a révélé que I’habitat de la
loutre a pelage lisse dans I’ouest du Terai est influencé par la qualité de I’eau, la
structure de la végétation et les activités humaines. Les perturbations humaines ont une
corrélation négative avec la présence des loutres, alors que le couvert forestier est
positivement corrélé a la présence des loutres. Les parametres de la qualité de I’eau rs
(température autour de 37-38 °C, pH autour de 8, oxygeéne dissous allant de 5,12 a 5,91
mg/L, demande biologique en oxygéne > 3,35 a 4,55 mg/L, une concentration en
chlorure et une dureté élevée) sont les conditions d’habitat préférées pour la loutre a
pelage lisse. La concentration de bactéries dans I’eau ne semble avoir aucun rapport
avec la présence de la loutre. Cette étude suggere que la végétation riveraine et la qualité
de I’eau sont susceptibles d’affecter la capacité d'une riviére ou d’un milieu humide a
accueillir les populations de loutres, et la restauration de I’habitat peut encourager leur
retour dans des zones ou elles sont actuellement absentes. Une surveillance réguliere
de la qualité de I’eau et de la végétation, ainsi qu’une réduction des pressions
anthropiques, sont, de toute urgence, nécessaires pour maintenir a long terme la
population et les habitats de la loutre a pelage lisse dans les bassins fluviaux des basses
terres de I’ouest du Népal.

RESUMEN : EFECTOS DE LA CALIDAD BIOLOGICA DEL AGUA EN LA
PRESENCIA DE LA NUTRIA LISA EN EL EXTREMO OESTE DE NEPAL

Las nutrias son especies indicadoras clave para evaluar la integridad ecoldgica y son
altamente vulnerables a la alteracion del habitat y la contaminacion ambiental. La nutria
lisa vive en habitats tanto terrestres como acuaticos, prefiriendo aguas someras,
barrancas riberefias blandas de arenay arcilla, y vegetacion riparia con buena cobertura.
En nuestro estudio, condujimos relevamientos de terreno y analizamos varios factores
como la calidad del agua, el disturbio humano y la estructura de la vegetacion, para
investigar la correlacién entre la presencia de nutrias y éstos parametros. Este estudio
concluyo que el habitat de la Nutria lisa en Terai occidental esta influenciado por la
calidad del agua, la estructura de la vegetacion, y las actividades humanas. El disturbio
humano tiene una relacion negativa con la presencia de nutrias, mientras que las copas
de los arboles (el canopeo) se correlacionan positivamente con la presencia de nutrias.
Los parametros de calidad del agua (temperatura alrededor de 37-38 °C, pH alrededor
de 8, Oxigeno Disuelto entre 5.12-5.91 mg/L, Demanda Bioldgica de Oxigeno > 3.35
a4.55 mg/L y una alta concentracion de cloro y la dureza) son las condiciones de habitat
preferidas por la nutria Lisa. La concentracion microbiana en el agua parece no tener
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relacion con la presencia de nutrias. Este estudio sugiere que es probable que la
vegetacion riparia y la calidad del agua afecten la capacidad de un rio o de un humedal
para sostener poblaciones de nutrias, y la restauracion de habitats puede favorecer su
retorno a areas en las cuales estan actualmente ausentes. EI monitoreo regular de la
calidad del agua y la vegetacion, junto con la reduccidn de las presiones antropogénicas,
son necesarios en forma urgente para mantener a largo plazo a la poblacion y el hébitat
de la Nutria Lisa en las cuencas hidricas de las tierras bajas occidentales de Nepal.
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