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A B S T R A C T   

Traditional hunting methods, despite their simple design pose a serious hazard to wild animals. Keeping in view, 
the negative impacts of traditional hunting methods including wire snares on the survival of wildlife, especially 
tigers that are endangered, anti-snare walks were carried out in Valmiki Tiger Reserve (VTR). We used a stratified 
random sampling method to walk a total of 142.71 km on 23 tracks along the forest fringes of eight forest ranges 
in the VTR. A total of 132 hunting incidences were encountered out of which 44 were wire snares, followed by 35 
bird snares, 27 other hunting tools (axe, bow, arrows, sickles, and knife), 14 nets for mammals, 6 spears, 4 jaw 
traps, and only 2 electric wires. The detection rate of hunting incidences was 0.92 ± 0.32 per kilometre. The 
majority of snares were made of clutch wire (89 %), and the rest were made of galvanised iron wire (11 %). The 
average diameter of a snare loop was 37.75 ± 6.79 cm, while the average length was 219.52 ± 20.99 cm. The 
result showed that the snare loop and anchor plant girth have a linear relationship (i.e., positive correlation) with 
the number of snares. The detection rate of snares increased in the VTR boundary zones, with the highest density 
(66 %) found at the international border (Nepal) and interstate (Uttar Pradesh), India. We developed a kernel 
density estimation map to show hunting hotspots in the VTR, with the darker the red, the more the dense the 
event locations of the hunting incidences. We involved 268 people in the anti-snare walk, including represen-
tatives from various law enforcement agencies and local volunteers, in order to build capacity by providing 
participants with direct field-based practice. Our findings are expected to add valuable ground-based data to fill 
current knowledge gaps on the deleterious impact of hunting methods including snares on wildlife in VTR.   

1. Introduction 

Human activities are now endangering more species than ever before 
in history (Sattar et al., 2021). Anthropogenic pressures continue to 
place immense strains on natural habitats, putting nearly one million 
plant and animal species at risk of extinction (Figel et al., 2021). 
Terrestrial mammalian megafauna (e.g., large herbivores and apex 
predators) are particularly vulnerable to space constraints, and suscep-
tibility to overexploitation (Ripple et al., 2015). Hunting has surpassed 
habitat loss as the primary cause of megafauna extinction in and around 
protected areas around the world (Diamond, 1989; Harrison et al., 2016; 
Ibbett et al., 2020), and wire snares are one of the most commonly 
utilized hunting methods (Gray et al., 2018). When hunting is carried 
out using firearms, shots may be heard which increases the potential of 
law enforcers to detect incidences. Snares and traps on the other hand 
are silent killers, hidden among the understory of the forests, and 

remaining active until they are either detected or an unfortunate victim 
falls prey to them (Corlett, 2007; Fa and Brown, 2009; Matungwa and 
Wawa, 2021). They are typically made of readily available materials 
such as clutch wires, fencing wires, nylon, irrigation pipes, or plant 
material (vines, creepers, and climbers) which are capable of trapping a 
wide range of aerial, arboreal, and terrestrial species, whether diurnal or 
nocturnal (Mudumba et al., 2021). 

Snares generally result in the death or serious injury of the animal 
due to asphyxia as the snare tightens and causes serious harm to the 
animal’s limbs or throat (Linkie et al., 2003; Sarkar et al., 2021). The 
duration of restraint in the trap has a significant impact on the severity 
of injuries and distress endured by a captured animal (Lossa et al., 
2007). Long periods of restraint can cause myopathy, starvation, and 
dehydration (Descovich et al., 2015). It can also lead to stress by 
interfering with motivational and natural behavior systems (Joca et al., 
2007). Animals left in traps for prolonged periods suffer, run the risk of 
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infection, or become prey (Broom, 2022). Poachers and hunting tribes in 
India have evolved over millennia, employing snaring as a simple but 
highly effective strategy for catching wildlife (Sethi, 2022). Despite the 
fact that snares are usually designed to hunt wild herbivores or birds, 
they catch both targeted and untargeted species, leading to wildlife 
mortality or in cases the animal survives, significant injuries, permanent 
disability, and stress. Many of the by-catch species would be threatened 
in the IUCN red list classification (Gubbi and Linkie, 2012; Becker et al., 
2013; Aziz et al., 2017). Snaring is also a serious animal welfare issue 
because some animals escape with serious injuries, putting the indi-
vidual animals’ long-term survival at risk (Gubbi et al., 2021). Detection 
effort is likely to be influenced by a number of factors, including habitat, 
season, cropping pattern, local communities, terrain and topography, 
and snare type (Braga-Pereira et al., 2020; Harmsen, 2021). Snares that 
are physically connected and set in lines may be more detectable than 
individual snares. This is because snares share many features with the 
species they target: they are habitat specialized, and occur in remote and 
inaccessible regions (O’Kelly et al., 2018). Observers’ training also has 
an impact on snare detection (van Doormaal et al., 2021; Harmsen et al., 
2021a). Although observers’ proficiency in snare detection and removal 
is essential to lessening poaching pressure, and their performance has 
received far less attention. This may be related to the difficulty of 
surveying snares, which makes it impossible to comprehend the true 
scope of the wire-snaring problem in the field, as well as the perceptions 
of snare poaching and its effects, by law enforcement agencies (Rija and 
Kideghesho, 2020). 

In India, although the Wildlife Protection Act (WPA, 1972) makes it 
illegal to kill all listed wildlife species, wire snares continue to be a 
popular method for capturing animals. This occurs because conservation 
law enforcement agencies traditionally are not trained to look for wire 
snares. Added to this they are typically under-resourced, with staff often 
inadequately trained, poorly remunerated, and insufficiently equipped 
to work in challenging conditions. Patrolling by ranger teams is a pri-
mary method available to park managers for dealing with anthropogenic 
threats to wildlife. Few empirical studies have been conducted to 
investigate the impact of snares on wildlife in India (Gubbi et al., 2021; 
Sethi, 2022), despite the fact that media reports indicate that it is 
common and pervasive. In 2011, the death of a Tiger due to a snare 
along the Karnataka – Kerala border (Bandipur Tiger Reserve and 
Wayanad Wildlife Sanctuary) was observed by forest department and 
created an urgent need to address the snaring problem (Aziz et al., 2017; 
Gubbi et al., 2017). 

Following this incident, the Wildlife Trust of India (WTI) was one of 
the first organizations to step forward and identify wire snares as a 
serious threat to the survival of wildlife, especially tigers, in the tiger 
reserves of South India (Menon, 2016). The WTI team conceptualized 
and pioneered Anti-Snare Walks (ASW)—joint patrolling with the forest 
authorities to identify and remove snares, mostly along vulnerable re-
gions like park boundaries adjacent to human-inhabited areas (Matse-
ketsa et al., 2019). Over the years, the combing activities continued 
showing positive results. This method was then adapted to the Valmiki 
Tiger Reserve, the only tiger reserve in Bihar. According to Maurya et al. 
(2021), the presence of tigers was reported at 248 locations (56 %) in 
2019–20 and 264 locations (60 %) in 2020–21, and the report specified 
a minimum figure of 48 tigers in VTR with a density of 2.71/100 km2. 
With the increasing evidence of a tiger population, removing traditional 
hunting methods, such as wire snares, which are silent wildlife killers, 
from the VTR’s forest fringes becomes more urgent as the weak, injured 
or older wild animals, as well as younger males are pushed to the pe-
riphery. In recent years, cases of snaring and hunting with wire snares 
have been reported in local media, and secondary evidence points to 
these as an emerging problem in the landscape. However, no systematic 
scientific study and analysis of information on hunting methods so far 
carried in the landscape. We hypothesised that proximity to farmland, 
human infrastructures such as machan (watch towers), and permanent 
water sources have spatial influences on the presence of hunting 

incidences. The objectives of our study were, (1) identify different 
hunting methods used by poachers in the landscape, (2), to calculate the 
detection rate and spatial patterns of the hunting incidences, (3) and 
finally we provided participants with direct field-based training for 
future detecting hunting incidences in the landscape. As a result, per-
forming anti-snare walks in the forest fringes is critical for removing 
threats and strengthening the forest department’s ability to detect and 
control wildlife crime in the future in this landscape. 

2. Material and methods 

2.1. Study area 

The Terai Arc Landscape (TAL) is one of the most important land-
scapes in the Indian subcontinent because of its assemblage of threat-
ened wildlife species, and it is one of the world’s top 200 ecoregions for 
wildlife protection (Olson and Dinerstein, 2002). The VTR is the state’s 
only tiger reserve, occupying 901.13 km2 of the northernmost part of 
West Champaran district in Bettiah, Bihar (Fig. 1). Administratively, this 
tiger reserve is divided into two forest divisions and managed under 
eight ranges i.e., Manguraha, Gobardhana, Raghia (Division-1) and 
Chiutaha, Harnatand, Ganuali, Valmiki Nagar, and Madanpur (Division- 
2). 

The terrain of VTR is characterized by rocky hills and valleys, which 
are drained by numerous rivers and streams and join with flat alluvial 
plains in the south. There are three distinct seasons in the year. In the 
month of January, the winters are accompanied by fog and light winter 
rains. In the reserve, the minimum temperature drops to 5 ◦C. Due to the 
hot westerly winds, the summer season begins in mid-March and ends in 
early May. The monsoon season begins in late June and lasts through 
September. The highest temperature reaches 43 ◦C (Singh, 2013). 

The project area is a transboundary landscape surrounded by 140 
revenue villages on the periphery of the buffer and 26 revenue villages 
within VTR, all of which exert significant pressure on the Tiger Reserve, 
including the core area (Maurya and Borah, 2014). The sociocultural 
diversity of the Valmiki landscape is evident. The scheduled tribe known 
as the Tharu is the dominant community on the landscape. Agriculture is 
the main economic activity in this valley, although there is also 
poaching, illegal hunting, and fuel wood harvesting (Maurya and Borah, 
2013). Shorea robusta, Terminalia tomentosa, Terminalia belerica, Adina 
cordifolia, Miliusa velutina, Trewia nudiflora, Mallotus philippensis, Lager-
stroemia parviflora, Salmalia malabarica, and Acacia catechu are some of 
the most common tree species in the area (Maurya and Borah, 2013). 

2.2. Methods of data collection (Anti-snare walk) 

Before the start of fieldwork, the Field Officers from the WTI team 
provided a proper orientation to the target group {forest department, 
paramilitary posted at the site which is the Sashastra Seema Bal (SSB), 
and local village volunteers (V3)} regarding how to carry, identify and 
remove the wire snares/other traditional hunting tools from the forest 
fringes as well as the safety precautions that should be observed during 
the anti-snare walk. The target groups were informed on the different 
types of traditional hunting tools they might come across during an anti- 
snare walk, which typically include wire snares, jaw traps, bird snares, 
electric wires, mammalian nets, and spears (Photo Plate 1). Sensitive 
forest fringe villages were selected based on previous wildlife crime data 
available with the forest department. The stratified random sampling 
method was used to collect the data (Watson et al., 2013). Anti-snare 
walks (ASWs) are best undertaken in the early morning hours from (7 
am–9 am). The chance of detecting the hunting incidences is entirely 
dependent on visual investigation and the anticipation created on the 
trail. Although the snare can be set at night and removed in the morning, 
the snare binding marks on the tree trunk are usually visible. However, 
we do not include these marks in data analysis during data collection. 
The fringe width varied from 250 to 500 m depending on the 
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topography, and we did an anti-snare walk throughout the entire width, 
covering all potential trails within the width. The starting point of the 
ASW is geotagged, using either a handheld GPS (e-trex) or a mobile app 
with high accuracy. Simultaneously the track recorder is also activated 
on the device. The walk’s length is then determined by the terrain and 
accessibility to roads. The WTI Field Officer leads the team, follows the 
route that runs parallel to the forest boundaries as well as farmlands, and 
machan (watchtowers) adjacent to forest fringes. Along the trials, per-
manent water sources were also investigated. The team is divided into 
two small groups that follow each other at a distance of approximately 
100 m in order to maximize the detectability of the hunting tools using 
the double observation method. Each team comprises of at least seven 
(7) individuals who walk parallel to one another across the width of the 
forest fringe. A regular ASW is approximately 6 km long per day. 

When a wire snare or hunting tool was found, the location was noted 
and labelled with the type and quantity of the items detected. The snare 
or hunting tool’s GPS position was marked with adhesive tape and 
tagging paper. After being geotagged, the snare was deactivated and 
placed into an envelope or zip-lock bag. Other hunting tools found were 
removed from the locations in the same systematic manner. We classi-
fied snare into two main types wire (clutch/ galvanised iron) snare for 
mammals and bird snares. In addition, snare loop size, length, and 
anchored tree/ fencing pole girth were measured in the field for the wire 
snares. Once the decided endpoint was reached, it was marked and the 

track stopped. After completing the track, the walk was mapped using 
GIS software (ArcGIS) and the snares found were recorded. The infor-
mation on specific tracks (anti-snare walk), snare type, seizure, and 
geographical location was shared with the concerned forest range. 
Finally, the geo-tagged hunting tools were then handed over to the forest 
official of the respective ranges for future motoring. It will be easier for 
patrolling staff to keep an eye on these hotspots on a regular basis as a 
result, reducing threat in the long run. We sum all the snare/traditional 
hunting tools that we found per track. To estimate the detection rate in 
each range, we divided the number of hunting incidences by distance 
walked on foot along the forest fringe. All the above data was collected 
during the study period 2021–2022 in the VTR, Bihar in India. 

2.3. Data analysis 

The data was analysed using Principal Component Analysis (PCA) 
and a Kernel density estimation (KDE). KDE is a non-parametric tech-
nique, which calculates the probability density function of a random 
variable. In order to comprehend and possibly predict event patterns, 
KDE techniques are frequently used in spatial data visualisation and 
analysis (Silverman, 2018). In our case, the hunting incidences distri-
bution indication was displayed around each output raster cell on the 
map by the KDE, which calculates the density of event locations (Zhang 
and Xu, 2023). PCA analysis was used to explore relationships between 

Fig. 1. Map of the study area showing forest type, surrounding villages, water bodies in the Valmiki Tiger Reserve, Bihar India. MDF- moderate dense forest; VDF- 
very dense forest (Map generated using ArcGIS version10.8.2). 
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dependent variables and display the relative positions of data points in 
fewer dimensions while retaining as much information as possible. We 
used PCA to determine how each hunting methods, or set of hunting 
methods, was related to each forest range studied. PCA was performed 
with Software R Studio 4.0.1(R Core Team, 2020). To quantify the effect 
of snare attributes like snare loop (cm), snare length (cm), anchor plant 
GBH (cm), anchor-fencing pole GBH (cm) on the total number of snares 
removed, a Generalized Linear Model (GLM) was performed considering 
the total number of snares as a covariate and the independent variables 
were snare attributes. The hypothesis proximity to farmland, human 
infrastructures such as machan (watch towers), and permanent water 
sources have spatial influences on the presence of hunting incidences 
was tested using one-way analysis of variance (ANOVA) with repeated 
measures followed by post hoc least significant difference test through 
the software Origin Pro version 9.8. 

3. Results 

A total of 268 people participated in anti-snare walks along 23 tracks 
on the forest fringes of eight forest ranges in VTR, Bihar, covering a total 

distance of 142.71 km with an average distance of 17.84 ± 9.12 (ranges 
from 6.6 to 32.54 km) per range. Supplementary Table 1 provides a 
detailed summary of forest ranges, distance walked on foot, number of 
people who participated, and hunting tools removed per range. Most 
participants (maximum of 56 %, N = 147) belonged to the forest 
patrolling staff followed by Beat incharge (20 %, N = 53), SSB staff (17 
%, N = 46), and Local volunteers (7 %, N = 18) (Supplementary 
Table 1). 

A total of 132 hunting incidences of 7 major types were encountered 
along with the fringe areas of the VTR, out of which 35 % (N = 44) were 
wire snares, followed by bird snares (27 %, N = 35), other hunting 
equipment (20, (N = 27), and nets for mammals (11 %, N = 14), spears 
(5 %, N = 6), jaw traps (3 %, N = 4) and electric wires (1 %, N = 2) 
(Fig. 2). Out of the 132 incidences detected, the maximum 89 % (N =
117) of them were found during the AWS, the reminder 10 % (N = 12) 
were found by the forest department during the regular patrolling and 
local village volunteers (V3) who had been trained during the anti-snare 
walk 2 % (N = 3) (Supplementary Table 1). 

The detection rate for wire snare was 0.32 ± 0.23 per km. According 
to the spatial distribution of snare detection, political boundaries were 

Photo Plate 1. Representative hunting methods that were detected from Valmiki Tiger Reserve, Bihar, India.  
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found to increase the detection of wire snares across the study terrain 
(Supplementary Fig. 1). The majority (66 %) of wire snares were 
removed at a detection rate of 1.28 per km along the international 
border (Nepal) and interstate (Uttar Pradesh), with the remainder (34 
%) removed from other forest edges at a detection rate of 0.15 per km 
(Supplementary Fig. 1). Wire (clutch/ galvanised iron) was used to make 
the entire snare for mammals that we dismantled. The majority of the 
snares are made of clutch wire (89 %) while the remaining 11 % were 
made of GI wire. A snare loop’s average diameter was 37.75 ± 6.79 
(ranges from 20.32 to 71.2 cm) and its average length was 219.52 ±
20.99 (ranges from 167.64 to 304.81 cm). Most (57 %) of the snares 
were anchored with tree species (commonly Tectona grandis & Shorea 
robusta) and the rest with fencing poles (43 %). The anchor tree species 
GBH (girth at breast height) was with an average value of 55.98 ± 17.53 
(ranges from 30.4 to 101.6 cm), and the average GBH of the fencing 
poles was 43.21 ± 15.19 (ranges from 20.32 to 73.66 cm). The linear 
regression model result showed that the snare loop and anchor plant 
have a linear relationship (i.e., positive correlation) with the number of 
snares. While the relationship between the numbers of snares represents 
a negative correlation with snare, length and anchor fencing pole GBH 
(Table 1; Fig. 3). Of the total number of snares detected, 57 % have been 
anchored to trees and 43 % to fencing poles. The linear regression model 
interpretation relieved that the local poachers believe the snares 
anchored to the tree were more effective than those were placed in other 
fencing pools may be the cause of this. The positive correlation em-
phasizes the importance of certain snaring parameters like snare loop, 

anchor plant GBH, on the snare installation. 
The detection rate for all hunting incidences was 0.92 ± 0.32 per km. 

The maximum rate 2.22 per km was observed in Harnatand range fol-
lowed by Manguraha 1.57 per km and lowest 0.31 per km in the Valmiki 
Nagar range (Supplementary Table 1). We found significant positive 
relationship of hunting incidences with that farmland (t value = 3.5843, 
p < 0.001), watch towers (t value = 2.4171, p < 0.01), and permanent 
water sources (t value = 3.3491, p < 0.001) across the study terrain. The 
majority of hunting incidences were reported from farmland fringes (65 
%) followed by watchtowers (30 %), and water sources (5 %). The 
pattern of distribution map of hunting incidences in the VTR is shown in 
Fig. 4. 

Based on the event location of the reported hunting incidence in the 
landscape, we extrapolated the data to an estimated detected incidences 
using kernel density. The density map (Fig. 5) reveals density variations 
at smaller spatial scales. The kernel density map highlights hotspots in 
the landscape where hunting incidences detected most frequently, 
further illustrates the threat by darkening the red color. When a point is 
closest to the red color, the density value is highest; as the point gets 
farther away, the density value decreases (Fig. 5). When compared to the 
core ranges (Harnatand and Ganuali) on the map, the outer and far-flung 
forest ranges (Manguraha, Chiutaha, Madanpur) were expected to have 
a high density of hunting incidences/wire snares, whereas the Valmiki 
Nagar range has a low density. 

The maximum number (N = 31) of hunting incidences were reported 
from the Manguraha range (sharing the border with Nepal) and the 

Fig. 2. The proportion of different hunting methods detected from Valmiki Tiger Reserve, Bihar, India.  
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minimum (N = 3) from the Chiutaha range (sharing its boundary with 
other VTR ranges). A maximum of other hunting tools like bow, arrows, 
catapult, wire bundles, sickles, axes, knife, and ropes were found in the 
forest fringes of Harnatand and Madanpur ranges. However, jaw traps 
were found in the core forest ranges (Raghia range). Overall, Division 1 
was more vulnerable with (57 %) of the hunting incidences compared to 
Division 2 with (43 %). The decreasing order of hunting incidences 
density is shown in Fig. 6. 

The proportion of variance in the data was explained by Principal 
Component Analysis (PCA) in which the specific hunting tools were 
linked to a particular range based on differences in preference levels 
with PC1 (35.6 %) and PC2 (31.9 %) of distribution in the biplot (Fig. 7 
a, b). The percentage of explained variables is graphically represented in 
the bar plot (Fig. 7b). PC1 has significant positive loadings from bird 
traps, nets, spears, jaw traps, electric wire, and snares, so it measures the 
long-term impact to wildlife. PC2 has significant negative loadings from 
other hunting equipment, so this component measure strong negative 
associations in the landscape. Furthermore, we determine the level of 
correlation of hunting methods with the targeted ranges. The snare and 
other hunting equipment, for example, were found linked to the Man-
guraha forest range and the Gobardhana, Harnatad, and Chiutaha 
ranges, respectively. Electric wire was the prevalent method in Valmiki 
Nagar. PCA analyses elucidated different groups clearly separated from 
one another, whereas ranges were classified based on similarities in 
combed hunting methods (Fig. 7). 

4. Discussion 

Here we provide a detailed study on the quantification of hunting 

methods as a threat to wildlife in Valmiki Tiger Reserve, Bihar India. The 
results revealed (i): snaring was the common hunting method used by 
local poachers in the landscape, (ii): the detection rate for all hunting 
incidences was 0.92 ± 0.32 per km (iii): we observed that hotspots in the 
landscape sharing the forest fringes with international border (Nepal) 
and interstate (Uttar Pradesh), India (iv): we provided participants with 
direct field-based training for future detecting hunting incidences along 
forest fringes. We observed that the local poachers prefer the snaring 
methods since they are less expensive, easier to conceal, and transport 
for poachers. The explanation for this could be that the residents of the 
area are poverty-stricken and cannot purchase modern hunting tools 
(firearms). In addition, the local poachers believe that the snares, unlike 
guns, pose a threat even after the hunter has left the forest, and they 
routinely elude discovery by even the most experienced anti-poaching 
teams in forest fringe areas where poachers leave traps and snare un-
attended for weeks or even months. Our results are supported by find-
ings of Gubbi and Linkie (2012) who reported wire snares are frequently 
(85 %) used by poachers of hunting in other tiger reserve (Periyar tiger 
reserve) in India. 

In the current study, a total of 132 hunting incidences were 
encountered from the periphery of VTR, with wire snares accounting for 
up to 35 % of the total. This means that, as in other parts of India, 
snaring is the most common method for encircling farmland as a primary 
means of crop protection. Similar findings were reported by Gubbi et al. 
(2021) from Karnataka, India. During cropping, when farmers went to 
considerable measures to secure their crops, including installing snares 
to dissuade crop-raiding herbivores, snaring instances were prevalent. 
The results confirm our hypothesis and offer a potential explanation for 
why snares were found more frequently near agricultural farmlands and 

Fig. 3. Linear regression between number of snares and (a) snare loop; (b) snare length (c) anchor plant and (d) anchor fencing pole Valmiki Tiger Reserve, 
Bihar, India. 
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forest fringes. The frequent incidence of wire snaring near agricultural 
land added credence to Becker et al. (2013) theory regarding the in-
teractions between elephant crop destruction and by-catch elephants 
from wire-snare poaching. As a result, greater agricultural development 
in buffer zones is expected to worsen the conflict between people and 
wildlife and the mortality rate of wild animal bycatch from snares. 
Mudumba et al. (2021), also from Uganda, revealed similar findings. 
Snares are commonly made of vehicle clutch cables, binding wire, and 
telephone wires and are placed in areas where animals frequent, such as 
farm edges (O’Kelly et al., 2018). According to Maurya et al. (2021), the 
study area had a high prey density of 5.09 individuals/km2, which 
increased the possibility of medium- to large-sized wild animals (Chital 
and Wild pig) being caught in snares. In the study area, snares are 

primarily used to hunt wild herbivores. They accidentally catch both 
targeted and untargeted species, causing wildlife mortality, severe in-
juries, permanent impairment, and stress, including wildlife species on 
the IUCN Red list (Gubbi et al., 2021). Our findings are consistent with 
those made by Li et al. (2021), who claimed that local hunters primarily 
use snares to capture medium- to large-sized wild animals. As a result, 
removing hunting tools equates to rescuing the same amount of wild 
animals in the area. However, due to the development of linear trans-
mission lines around the forest fringes, the locals use electrocution as a 
method of hunting during the night hours in Valmiki Nagar, as this is the 
only forest range where electrocution wires have been removed. 
Therefore, we suggest that patrolling employees be trained in recog-
nizing and combing snares/electric wires in order to avoid dangers from 
places where snares were present but undiscovered. 

The local poachers preferred anchoring the snares with tree species 
(Shorea robusta and Tectona grandis). This demonstrates that the Sal 
vegetation type is the preferred habitat for snare installation in the 
landscape. Furthermore, the findings revealed that the majority of 
snares are anchored with medium-sized (ranges from 30.4 to 101.6 cm) 
tree species rather than large or small trees. This suggests that medium- 
sized edge tree species are preferred for snare anchoring because their 
strength is sufficient to hold the animal caught in the snare. Further-
more, the loop size will be sufficient to catch a medium-sized animal in 
it. The average size of snare loops (37.75 cm) reported in the current 
study falls within a suitable range set to catch wild pigs and other her-
bivores, but a tiger and leopard could be caught in it (Bhardwaj, 2021). 
This could imply that snaring is a non-selective and effective method of 
poaching and a silent killer of wild animals. Such data combinations on 

Fig. 4. Map showing the distribution pattern of hunting tools from Valmiki Tiger Reserve, Bihar, India. The yellow color area on the map represents Nepal, while the 
grey color area represents Uttar Pradesh, India. The abbreviation used is BT-Bird snare; EW-Electric wire; JT-Jaw trap; MN- Nets for mammals; OH- other hunting 
equipment; SP- Spear; SR-Snare. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Table 1 
Linear generalized output of various study parameters from Valmiki Tiger 
Reserve, Bihar, India.  

Parameter F- 
statistic 

df p- 
Value 

Estimate SE t value 

Snare loop (cm)  0.288  39  0.258  0.288  0.251  1.147 
Snare length (cm)  − 0.133  39  0.109  − 0.133  0.081  − 1.637 
Anchor plant GBH 

(cm)  0.008  23  0.941  0.008  0.112  0.074 
Anchor fencing pole 

GBH(cm)  − 0.089  18  0.544  − 0.089  0.146  − 0.611 
Farmland fringes  − 0.401  83  0.001  − 0.337  0.111  − 3.584 
Watch towers  − 0.467  83  0.017  − 0.285  0.193  − 2.417 
Water sources  − 1.195  83  0.001  − 1.005  0.357  − 3.349  
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the snare features pave the way for future applications of the study in 
monitoring the landscape. Our results were supported by findings of 
Becker et al. (2013) and Penteriani et al. (2018), who found a high level 
of wire snare and trap poaching, which can have a significant negative 
impact on large carnivores. 

Hunting methods, particularly wire snaring, are one of the most 

urgent threats to numerous large mammal communities in the land-
scape, including the emerging tiger population within the study land-
scape. During the ASW the patrolling teams, for example, the detection 
probabilities was high for wire snares implying that the scale of the 
problem is far greater than what was observed. The success of removing 
snares increases with the number of patrolling staff per patrol. 
Mudumba et al. (2021) reported a comparable detection rate from 
Uganda’s Karuma and Bugungu Wildlife Reserves. In tropical forests, 
Figel et al. (2021) discovered a virtually comparable detection rate, 
which validates our findings. In natural forest fringes with dense un-
derstory vegetation, snares are extremely difficult to spot, and rusty 
snares are even more difficult to spot because their hue is similar to that 
of natural soil (Ibbett et al., 2021). Similarly, van Doormaal et al. (2021) 
noted the difficulty in identifying snares during patrols, but few 
addressed the issue. 

An overall detection rate of 0.32 for wire snares in this study scenario 
supports the assumption that detection rates for snares are low (Watson 
et al., 2013). Most ecological surveys cover just a small section of the 
entire region, and in the case of snares, a reasonable search effort may 
yield only a small portion of the total number of snares present. The 
current investigation was done along random trails, and a high detection 
rate was achieved when compared to previous experimental studies. 
Even in a controlled experiment done in the Keo Seima Wildlife Reserve 
in eastern Cambodia, the total detection rate was estimated to be 0.2 
(O’Kelly et al., 2018a). Along the border, the detection rate was almost 
8.5 times higher. This could be attributed to differences in the forest 
department’s patrolling activity, as well as edge impact. Our findings 
agree with those of Gubbi et al. (2021), who identified increased 
anthropogenic-induced mortalities as one of the edge consequences on 

Fig. 5. The Kernel density map shows the hotspots of hunting incidences from Valmiki Tiger Reserve, Bihar, India.  

Fig. 6. Decreasing order of hunting incidences in eight ranges from Valmiki 
Tiger Reserve, Bihar, India. 
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wildlife. Additionally, it was determined that all of the snares found by 
the teams had been set up before the study. This emphasizes the danger 
that snares pose from a conservation standpoint; even snares that were 
set months ago continue to harm wildlife (Van Doormaal et al., 2021). 

In the present study, it was observed that Division 1 was more 
vulnerable as compared to Division 2 of the VTR. This could be because 
the Manguraha range, which shares a border with Nepal, had a high 
density of snares. As a result, it is more vulnerable to wildlife crime. This 
demonstrates how effective snares are at capturing animals when 
compared to other hunting gear (Campbell et al., 2019). We employed a 
stratified random sampling strategy for identifying hotspots by hunting 
tools. Harmsen et al. (2021b) used a similar method in their identifi-
cation of a hotspot strategy, which is effective in combating bushmeat 
poaching by snaring. Furthermore, it was reported that within-country 
state borders also have a high density of hunting incidences, particu-
larly nets and other hunting equipment (Fig. 4). This could be attributed 
to a lack of enforcement coordination among neighboring states or 
countries. As a result, improving coordination and cooperation in 
combating both national and international wildlife crime is critical and a 
joint anti-snare walk between India and Nepal is urgently needed. The 
Chiutaha range has a minimal number of hunting tools because its 
boundaries are shared with other VTR ranges. This indicates that the 
locals avoided hunting inside the forest region, preferring instead to 
hunt on the outskirts of the forest to avoid being caught by law 
enforcement. 

We looked into general law enforcement (forest department) for 
ASW, which seemed insufficient. Extra enforcement and local volunteers 
are needed for patrols to reduce the threat posed by hunting methods. 
The involvement of local volunteers from Valmiki Tiger Reserve in ASWs 
demonstrates the level of sensitization created by the WTI team to the 
local youth to aid in wildlife conservation. The local volunteers assisted 
in the combing of hunting tools, such as snares, along with the VTR 
peripheral settlements/farmlands. Three snares were removed from the 
periphery villages by a total of (N = 18) local volunteers who actively 
engaged in the anti-snare walk. Local residents’ participation will aid in 
the reporting of wildlife crime activities to law enforcement agencies. 
Thus, local volunteers’ participation in anti-snare demonstrates the WTI 
team’s efforts in capacity building by providing direct field-based 

training for future detecting of wildlife hunting methods, including 
snare, from the outskirts of forest areas, thereby assisting the forest 
department in wildlife conservation. 

The current study encourages the participation of various agencies as 
well as local residents in order to increase the speed with which snaring 
cases are reported while also increasing societal pressure against 
poachers (Steinmetz et al., 2014; Viollaz et al., 2021). Indeed, when 
outside poachers invade community territory, reporting and selling to 
middlemen in remote locations, community partnerships and local in-
formants become especially important (Twongyirwe et al., 2018). Local 
residents are frequently better placed to intervene in such situations 
than outside personnel because they have more information about on- 
the-ground movements (Westoby et al., 2020). Thus, the participation 
of multiple agencies in anti-snare walks exemplifies the ground-level 
cooperation and coordination developed by the WTI team in success-
fully combing the hunting tools around the VTR. Finally, the forest de-
partment’s capacity is strengthened by direct field-based training of 
patrolling staff for future combing hunting tools along the forest fringes. 

4.1. Insights for wildlife conservation and policy 

The results of the current study showed that local poachers used a 
multiple hunting methods, but wire snares are frequently used, leading 
us to conclude that traditional hunting equipment is one of the greatest 
threats to the wildlife in the landscape. We observed that the Division 1 
of the VTR was more vulnerable, therefore to reduce the threat posed by 
hunting methods particular wire snares, extra patrol personnel and 
watchtowers are required for identified hotspots. We also propose that 
the park mangers form an anti-snare patrolling crew to remove snares 
along forest fringes, which is often overlooked by regular patrolling 
staff. In the Valmiki Nagar range, we found that electric wire was the 
prevalent hunting method. Therefore, with the continued development 
of linear transmission lines in other parts of the VTR, we proposed the 
use of electric insulated cable wire around the forest fringes villages of 
the Tiger reserve, with proper coordination and planning with the forest 
department. We found that medium-sized edge tree species are preferred 
for snare anchoring; hence, the patrolling team should pay extra atten-
tion to examine these tree species, specifically Shorea robusta and 

Fig. 7. (a) PCA analysis biplot of different hunting methods investigated from Valmiki Tiger Reserve, Bihar, India. (b) The bar plot shows the percentage contribution 
of each variable in PCA biplot. 
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Tectona grandis. According to our findings, the majority of the hunting 
tools were removed along the farmland-forest boundary, which is one of 
the reasons farmers use snares to protect their crops from wild animals. 
Therefore, it is necessary to consider alternative crop damage mitigation 
strategies that will discourage local communities from putting up snares. 
The forest department should also raise the cap and make timely crop 
damage payments. Crop damage compensation for farmers on the 
fringes of the Tiger Reserve should be prioritised to better protect 
wildlife. Stakeholders should develop policies to compensate farmers for 
crop/life loss caused by wild species, which will aid in the prevention of 
human-wildlife conflict and thus contribute to wildlife conservation. 
Our study shows that the forest department combed 10 % of hunting 
methods after proper orientation to the target group. Therefore, we 
recommend that patrolling staff must receive more training in snare 
recognition and combing in order to prevent risks from areas where 
snares were present but not removed. Our study encourages the 
involvement of multiple law enforcement agencies to increase the legal 
pressure against poachers, contrary to what was previously believed that 
only the forest department is selected for protection. This will alter the 
narrative among law enforcement agencies and have a significant 
impact on poachers. In addition, interstate, as well as international 
cooperation is needed to combat wildlife crimes. Joint anti-snare walks 
should be conducted between interstate as well as international borders 
through proper plans. Furthermore, the involvement of young volun-
teers increases societal pressure against poachers and awareness among 
local communities. Local residents should be informed about zoonotic 
diseases transmitted by wildlife, such as covid-19, and avian influenza, 
this will create a reluctance in poaching. Furthermore, young school-
children in the landscape must be well informed about the ecological 
and cultural importance of wildlife from an early age in order to develop 
an impassionate bond with wildlife. Finally, the management action 
plan must involve local communities in promoting solutions that 
directly or indirectly strengthen the role, capacity, and rights of Indig-
enous peoples and include recent scientific field-based study findings for 
conservation mitigation. 

5. Conclusion 

The current study is the first to provide direct field-based quantita-
tive data on hunting tools as a threat to wildlife in Valmiki Tiger 
Reserve, in India. A total of 132 hunting tools were removed along with 
the VTR’s fringe areas, with snares accounting for the majority (35 %). 
Overall, Division 1 was more vulnerable with (57 %) of the hunting 
methods compared to Division 2 with (43 %). A high density of hunting 
tools were reported in forest ranges that shared boundaries with other 
states or international borders. Jaw traps, on the other hand, were 
removed from the core region. The current study encourages the 
participation of various enforcement agencies as well as local residents 
in the anti-snare walk. The participation of various law enforcement 
agencies in the anti-snare walk demonstrates the ground-level cooper-
ation and coordination developed by the WTI team in successfully 
combing the hunting tools around the VTR. The involvement of local 
volunteers demonstrates the level of sensitization created by the WTI 
team to the local youth to aid in wildlife conservation. Without an un-
derstanding of the problem and the backing of community groups near 
the protected areas, conservation and anti-snaring initiatives often fail. 
Working with local communities can help minimize the installation of 
snares and reduce off the number of outsiders who snare animals in the 
landscape. Furthermore, training of patrolling staff demonstrates the 
level of capacity binding during the study by providing field-based 
training for dismantling traditional hunting tools including snares for 
future wildlife crime prevention. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.biocon.2023.110196. 
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