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ARTICLE INFO ABSTRACT

Article history: Poaching of tigers and their key prey threatens the survival of tigers across their range. This
Received 21 October 2016 study investigated the methods, intensity, and driving factors of tiger and prey poaching
Received in revised form 6 December 2016 in the Sundarbans Reserved Forest of Bangladesh, to help better design and direct future

Accepted 6 December 2016 management interventions. The study identified a range of snaring methods used to catch

prey and an approach to killing tigers by poisoning prey carcasses with a Carbofuran
pesticide. We recorded six poisoned baits set to kill tigers and 1427 snare loops in 56

g:{,gi?;h snare sets to kill tiger prey. With an average of 23 snare loops/snare set, this is equivalent
Carbofuran to an estimated 6268 snare loops across the Sundarbans or 147 snare loops/100 km?.
Prey poaching Poachers selected sites that tended to be away from guard posts, and close to river banks,
Snares but were not influenced by protected area status or distance to the forest boundary. The
Sundarbans current poaching pressure is likely to have contributed to a recent decline in relative tiger

Tiger poisoning abundance. We recommend using better regulation of Carbofuran use across tiger range

countries, and using remote camera traps set up around snares and poisoned baits to help

authorities identify poachers for arrest. This study demonstrates a simple approach to

investigating the methods, intensity and distribution of poaching, that could be replicated

across all tiger landscapes to better direct mitigating actions and monitor changes in threat

levels over time.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Global tiger Panthera tigris populations have collapsed from an estimated 100 000 to 3500 tigers in just 100 years (Morell,
2007; Sanderson et al., 2006), and now occupy less than 7% of their historic range (Sanderson et al., 2006). The remaining
tigers are mostly now restricted to small pockets of protected areas across their range (Walston et al., 2010b), and their
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numbers continue to decline in important areas despite significant conservation efforts by international agencies, local
conservation groups and governments (Dinerstein et al., 2007; Seidensticker et al., 1999).

Poaching of tiger and prey has been identified as one of the major threats to tiger populations where they still persist (Aziz
et al.,, 2013; Damania et al., 2003; Dinerstein et al., 2007; Goodrich et al., 2008; Jhala et al., 2008; Karanth and Stith, 1999;
Wikramanayake et al., 2011). Tiger poaching is thought to be mainly driven by the international demand for tiger parts
in traditional Asian medicine (Ellis, 2005; Jackson, 1990), while prey poaching may be driven by more localized demand
(Damania et al., 2003; Mohsanin et al., 2013) and trade (Knapp et al., 2010; Madhusudan and Karanth, 2002).

However, due to the difficulty and risk involved in studying these covert and illegal activities (Karanth and Stith, 1999;
Madhusudan and Karanth, 2002) it has been difficult to collect the information needed to address this problem across the
76 tiger conservation landscapes (Sanderson et al., 2006). Critical to assessing the level of tiger and prey poaching across
each landscape, is the monitoring of the spatial scale and intensity of these threats to enable conservationists to design
effective interventions, and to be able to monitor the impact of their activities (Duangchantrasiri et al., 2016; Hotte et al.,
2016; Johnson et al., 2016; Stokes, 2010). To date, few studies have assessed the scale and spatial intensity of tiger and prey
poaching to design improved law enforcement strategy at a specific site of Sumatra (Linkie et al., 2015; Rifaie et al., 2015).

To refine patrolling strategies and enhance evidence gathering efforts, it is also necessary to catalogue the specific
methods that poachers employ (Karanth and Stith, 1999; Watson et al., 2013; Linkie et al., 2015). Previous studies have
identified some site-specific poaching methods for tigers such as iron spring traps in India (Wright, 2010), traditional
common wire cable, traps and gun in Sumatra (Linkie et al., 2015; Shepherd and Magnus, 2004; Treep, 1973), direct shooting
in the Russian Far East (Goodrich et al., 2008), and poisoning by pesticides in Sumatra and India (Tilson et al., 2010; Treep,
1973; Wright, 2010) and explosive traps and snares in Laos and Cambodia (Johnson et al., 2016; O'Kelly et al., 2012). Likewise,
the methods for prey poaching documented so far include guns and snares in India (Madhusudan and Karanth, 2002), snares
in the Sundarbans (Jagrata Juba Shangha, 2003; Khan, 2004), and traps in Sumatra (Linkie et al., 2015).

The Sundarbans Reserve Forest (SRF) of Bangladesh currently has incomplete information on the scale, intensity, and
methods of tiger and prey poaching. The SRF is part of the wider Sundarbans landscape, which is classified as a tiger ‘source
site’ (Walston et al., 2010a) and a Class IIl Tiger Conservation Landscape of global priority (Sanderson et al., 2006). Tiger and
prey poaching have been highlighted as key threats in this landscape for several decades (Ahmad et al., 2009; Aziz et al.,
2013; Salter, 1984), and the nature and scale of local use or consumption of tiger and prey parts as well as people involved
in tiger killing has recently been documented (Mohsanin et al., 2013; Saif et al., 2016, 2015). Over the last few years, law
enforcement agencies have confiscated piles of tiger skins, bones, and live tiger cubs in the country (Table A.1; Fig. 1). A pilot
study also managed to gain insight into the scale of general illegal activities in the SRF (Hossain et al., 2016), but data on tiger
and prey poaching inside the forest are still lacking.

The objectives of our study in the SRF were, therefore, to (1) identify tiger and prey poaching methods, (2) assess the
spatial intensity of poaching activities, and (3) identify the factors influencing the spatial distribution of poaching. To this
end, we collected and analysed field data on tiger and tiger prey poaching incidents sampled from four representative areas of
the SRF. We believe that our findings will be useful in developing focused patrolling and effective law enforcement strategies
to secure the survival of tigers in the SRF, and present an approach that could be replicated across all landscapes where large
carnivore and ungulate poaching are a threat.

2. Methods
2.1. Study site

The SRF is 6017 km?, of which 1750 km? is water (Iftekhar and Islam, 2004) consisting of a maze of rivers and creeks that
make most of the forest areas accessible by water-based vessels. The SRF is bordered on the south by the Bay of Bengal and
on the west by the international boundary with India, demarcated by the Raimongal and Hariabhanga rivers. The north and
east sides are bounded by districts of densely populated human settlements (Hussain and Acharya, 1994) (Fig. 2).

The SRF has a high diversity of floral communities comprising 330 plant species dominated by gewa (Excoecaria agallocha)
and sundri (Heritiera fomes), and a diverse assemblage of vertebrate fauna including eight species of amphibians, 35 species
of reptiles, over 300 species of birds, and 42 species of mammals (Islam and Wahab, 2005; IUCN-Bangladesh, 2001). The
major ungulates which make up the tiger’s prey are the chital (Axis axis), wild boar (Sus scrofa), rhesus monkey (Macaca
mulatta) and barking deer (Muntiacus muntjak) (Khan, 2008).

The SRF is managed as a Reserve Forest and three areas within the forest are designated as wildlife sanctuaries:
Sundarbans West (715 km?), Sundarbans South (370 km?), and Sundarbans East (312 km?). These sanctuaries have been
collectively declared a UNESCO World Heritage Site (Iftekhar and Islam, 2004). Administration of the SRF is overseen by
three Divisional Forest Officers (DFO East, DFO West and DFO Wildlife) working under a Conservator of Forests based in
Khulna. For management purposes, the SRF is delineated into 55 compartments under four ranges, with over 90 guard posts
distributed across the forest (Ahmad et al., 2009) (Fig. 2).

The SRF provides a wide range of forest and aquatic resources which are fundamental to the wellbeing of local
communities (Islam and Wahab, 2005; Tamang, 1993). Several million people earn their livelihood from the SRF by collecting
fish, nypa palm (Nypa fruticans) and honey (Ahmad et al., 2009; Tamang, 1993). Fishing activities continue throughout the
year but the collection of nypa palm and honey usually starts between February and April, and lasts for a few months. The
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Fig. 1. Tiger confiscation locations in and around the SRF in relation to sampling areas, tiger bait stations and guard posts. Data of tiger confiscations were
collected from secondary sources after validation against the wildlife crime database of WildTeam, which keeps records only after verification with Forest
Department and law enforcing agencies.

Bangladesh Forest Department issues permits for limited collection of these resources across the SRF, apart from the wildlife
sanctuaries. The fishermen, however tend to move towards the wildlife sanctuaries to benefit from the perceived better fish
stock in these areas (Russ and Alcala, 2011).

No permanent human habitations exist within the forest, except forest department, navy, and coast guard camps.
However, there are some temporary fishing villages on several islands (e.g., Dublar char) located on the south edge of forest
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Fig. 2. Sampling area and associated features of the SRF. SB = Satkhira Block, CB = Chandpai Block, WS = West Wildlife Sanctuary, ES = East Wildlife
Sanctuary.

where ca 8000 fishermen make their temporary home for fishing activities in the winter months (October to March) (Huda
and Haque, 2001).

2.2. Sampling approach

We selected four areas (totalling 1994 km?) to sample within the SRF; East Wildlife Sanctuary (ES, 383 km?), West Wildlife
Sanctuary (WS, 715 km?), Satkhira Block (SB, 342 km?), and Chandpai Block (CB, 554 km?) (Fig. 2). We selected these areas
as they differed in location, protection status, and human use. The ES and WS areas have higher protection status and are
situated away from human settlements, whereas the CB and SB areas have lower protection status and are located close to
local villages (Fig. 2).

Following approaches used in other studies (Kimanzi et al., 2015; Wato et al., 2006; Watson et al., 2013), to select sampling
points, we first divided each of our areas into 2 x2 km grid cells, creating a total of 373 grid cells for potential sampling across
the four areas. We then aimed to sample all grid squares with three separate transects (using one transect each time), walked
by teams of four observers. Starting points for each transect were selected by where the grid cell could be easily accessed by
boat. From the start point the observers walked a transect roughly in the direction of the opposite side of the grid square.
Each transect was continued for a length of 1 km, or until the observers could not continue further because of particularly
dense habitat or a large water body. The observers walked in parallel along the transect line, with the distance between the
first and last observer being kept to 15 m (5 m between each observer).
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Five teams of four observers were used to simultaneously survey a sample area over a short (13-22 days) period of time,
to reduce the possibility that poachers in the area would be able to remove signs of poaching activity due to the presence of
the survey teams. Teams collected data on the number, location (using a Garmin GPSMAP 64), and method of tiger and prey
poaching evidence encountered. We also noted any indirect evidence of poaching such as sites where poached animals had
been stored or processed. If a suspected poisoned bait carcass was encountered, we collected a sample of the poison. We
then analysed the poison in the laboratory of the School of Biosciences, University of Kent, using liquid chromatography-mass
spectrometry (Ameno et al., 2001; Relji¢ et al., 2012), to identify what type of poison it was.

We chose winter months for sampling to avoid extreme weather conditions, with sampling of SB area from 20 November
to 11 December 2014 and WS area from 17 to 30 December in 2014, and with sampling of ES and CB areas from 4 to 26
February 2015. We managed to survey 10 grid cells with four transects, 297 grid cells with three transects, 7 grid cells with
two transects, and 32 grid cells with one transect. 27 grid cells were not surveyed at all due to inaccessibility and security
issues.

2.3. Covariate selection and analysis

We considered a set of four covariates that might have influenced poachers on selecting sites for poaching activities:
protection status (wildlife sanctuary versus reserve forest), distance to the nearest forest guard post, distance to the nearest
river, and distance to the nearest human habitation. The protection status was included to investigate if poaching was
distributed due to the perceived differences in protection levels (Watson et al., 2013) or abundance of tiger and prey (Kimanzi
et al., 2015). Distance to forest guard posts was included to investigate if the actual intensity of protection influenced the
distribution of poaching (Kimanzi et al., 2015). The distance to the nearest river was used as a covariate to investigate if
poachers selected sites close to rivers because of the ease of access to those areas (Fitzgibbon and Mogaka, 1995). Likewise,
the distance to forest boundary was used to investigate if areas closer to human habitation also had higher poaching levels
due to ease of access (Hoffer et al., 2000; Wato et al., 2006). The covariates were analysed with respect to the density of all
types of poaching evidence within a sampled grid square. Grid squares where poaching activities were not detected were not
used in the analysis because of issues relating to imperfect detection (Lahoz-Monfort et al., 2014). Preliminary data analysis
using a generalized linear model indicated that the dataset was over-dispersed (Crawley, 2007; Zuur et al., 2010), so we used
a negative binomial regression model with Poisson distribution commonly applied for over-dispersed data (Kimanzi et al.,
2015; Zuur et al., 2010).

We performed an initial analysis on our explanatory variables according to Zuur et al. (2010) to confirm that none were
collinear. We also performed the global Moran’s I test for each sampling area independently to check for potential spatial
autocorrelation, which would be a potential constraint for regression analysis (Koenig, 1999).

Following approaches in other studies (Bavaghar, 2015; Rivera et al., 2013), we prepared a risk map with different levels of
probability relating to poaching activities in the SRF. Using parameter estimates of the negative binomial regression model,
the probability of poaching activity (P) was determined by,

Y = Bo+ ZBiX;

where By is the constant coefficient, 8; represents the significant independent variable coefficients, and X; represents
their associated independent variables. Through incorporating the natural exponential (e) into the previous equation the
probability of poaching activity was constructed by the following equation,

P=e"/1+¢".

One-way analysis of variance (ANOVA) was used to investigate the differences in poaching activity between sampled
areas.
We used R (R Core Development Team 2016) and ArcGIS 10.3 for our statistical and spatial analyses.

3. Results
3.1. Poaching methods

The only tiger poaching method detected was poisoned baits. Spotted deer, the principal prey of Sundarbans tiger, was
used as bait in all cases. Poisoned bait was typically attached to a tree trimmed to the approximate height of a tiger, and placed
next to tiger trails (indicated by tiger tracks). A single spotted dear was used to create 2 bait stations, with body parts being
prepared by removing the intestines, dismembering, skinning, and coating in poison (Fig. 3, A). The liquid chromatography-
mass spectrometry analysis identified the poison as a carbamate pesticide (Carbofuran).

The prey poaching methods detected were snares and shooting. The snares were set up to target either catch the deer’s
neck or leg. The neck snares were either set up individually (locally known as fush) or in lines of multiple snares all tied to a
single rope (locally known as daon). The fush snare is held by small sticks or tree branches (for holding and acting as a trigger)
with an open noose placed vertically above the ground. Each individual snare was positioned and fenced by sticks and twigs
to direct the ungulate prey towards the snare set. The daon snare is placed in a line by clearing the forest undergrowth and
suspending hundreds of nooses suspended vertically from a common rope that is tied on both ends to trees. (Fig. 3, B.)
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Fig. 3. Tiger bait, snares and killed tiger prey in the SRF: (A) Tiger bait station, (B) Daon, (C) Fush with bait, (D) Chhitka, and (E) Spotted deer that died from
bullet injuries.

The leg snare (locally called chhitka) contains a loop placed on animal trails and attached to a spring pole (usually adjacent
to a small trimmed tree) by a fine trigger thread, with a fence of twigs and sticks to guide animals into the snare (Fig. 3, D).
The chhitka snare is the technically complex snare type, and was often found set up in conjunction with fush neck snares
(Fig. 3, D). We noted that poachers used twigs and leaves of Keora (Sonneratia apetala) and epiphytes as bait on either side
of a snare set up in order to lure ungulates (Fig. 3, C). Both neck and leg snares were made from a nylon rope (80-100 mm
diameter) that is commonly used for fishing nets, which is locally available, and inexpensive. All snares appeared to be set
with higher intensity around ungulate trails.
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Fig. 4. Probability of poaching activity derived from negative binomial regression coefficients of the distance to guard posts and distance to water.

The method of shooting deer was indicated from one case of a deer carcass with bullet wounds (Fig. 3, E). We also observed
small-sized snares (n = 9) targeted for the red jungle fowl (Gallus gallus) in the SB.

3.2. Poaching intensity

Of the six tiger poison baits, four were recorded in the WS and two in the ES. No bait stations were found in the CB and SB.
We recorded 1427 ungulate snare loops in 56 snare sets across the SRF. Of these, 1141 snare loops were found in 12 daon,
237 snares in 15 fush and 29 chhitka. Overall, 83% were neck and 17% were leg snare sets. The number of snare loops in each
set ranged from a single neck snare (usually chhitka) to a maximum of 296 neck snares in a single daon. The estimated mean
density of snare set was 6 snare sets/100 km? of forest, which is equivalent to 273 snare sets (95% CI: 204-341) for the whole
SRF landscape. With an average of 23 (range = 1-296, SDEV = £54) snare loops/set, this is equivalent to approximately 6268
(95% Cl = 4692-7843) snare loops set out in the SRF at any one time, or 147 snare loops/100 km?.

Dead animals found in snares were one spotted deer, one wild boar, and one red jungle fowl, all of which were found in
the SB. In addition, we observed ungulate slaughter locations in the ES with evidence of spotted deer skin (n = 5), and in the
South wildlife sanctuaries with skin, guts, and head of spotted deer (n = 15) and wild boar (n = 2). In the SB we released a
live spotted deer and a rhesus monkey from snares.

3.3. Drivers influencing poaching intensity

Overall higher poaching activities were recorded in WS (37%) following ES (25%), SB and CB (19%) areas. One-way
ANOVA analysis (@ = 0.05) showed that the difference in poaching activities between sample areas was not significant,
F(3,59) = 2.169, p = 0.101. The negative binomial regression model identified two significant drivers that likely influenced
poachers to select sites for poaching activity in the SRF: distance to forest guard posts and distance to the nearest river
(Table 1). The occurrence of poaching activity was significantly positively correlated with the distance from forest guard
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Table 1
Predictors associated with poaching activity in the SRF using negative binomial regression fit to Poisson distribution.
Response Predictors (drivers) B SE Z value Pr(>|z|)
(Intercept) 443 0.51 8.65 2e—16
Protection status 0.05 0.49 0.09 0.925
Occurrence of poaching activity Distance to guard post 0.06 0.03 221 0.027
Distance to the river 297 1.03 2.87 0.004
Distance to forest boundary —0.06 0.51 —1.44 0.149

posts (8 = 0.06, SE = 0.03, p = 0.027), and significantly positively correlated with the distance from the nearest river
(B = 2.97,SE = 1.03, p = 0.004). However, protection status (8 = 0.05, SE = 0.51, p = 0.925) and distance from the
forest boundary (8 = —0.06, SE = 0.51, p = 0.149), did not significantly predict the number of poaching activities (Fig. 4).

4. Discussion
4.1. Poaching methods

This is the first field-based study to specifically identify carbofuran as a poison used to kill tigers in the Sundarbans.
Although previous studies reported unknown poison in baiting carcasses (Neumann-Denzau, 2006), and arrestees with
unidentified liquid intended to poison tiger’s kill in the SRF (Khan, 2004). A recent study based on interview data reported
range of poison including carbofuran used in tiger killing (Saif et al., 2016). The carbofuran pesticide used to poison carcasses
to catch Kkills tigers is readily and cheaply available in local markets, and is widely used in crop production worldwide (Relji¢
et al., 2012). While it appears that the use of carbofuran to kill tigers is significant, it is not well reported in peer-reviewed
literature, though there are numerous reports of its use in poisoning other wild animals (Guitart et al., 2010; Hernandez
and Margalida, 2008; Jung et al., 2009; Satar et al., 2005; Wobeser et al., 2004). In Africa in particular, carbofuran has lead
to substantial reductions in populations of lions (Frank et al., 2006), vultures and large mammals (Brown, 2006, 1991) and
hyenas (Hofer and Mills, 1998). Use of such poisons may kill both the target animal and any other animal that consumes the
poisoned carcass. In the SRF, for example, this would include monitor lizards, wild boar, and lesser adjutant storks (Adam
Barlow, personal observation). This is supported by our study, which found four dead monitor lizards within 3 m of a poisoned
tiger bait. Carbofuran is classified by the US Environmental Protection Agency (EPA) as a group I toxin, and in most cases,
animals die from respiratory failure following ingestion (Tomlin, 2000).

Poaching of deer with snares has been reported from the SRF over several decades (Jagrata Juba Shangha, 2003; Salter,
1984). A previous study documented a case where poachers had been arrested with a snare intended for deer poaching in
the ES (Khan, 2004), but our study is the first to document the different types of snare sets used in the SRF. Of all the snare
types identified in the SRF, the daon snare, with its multiple snare loops, was particularly destructive, as it had the potential to
capture large number of animals at a time. The observed practice of setting snares near to trails and using prey-preferred bait
plants suggests that poachers have been well adapted to the SRF landscape and applied local knowledge about the species’
behaviour to increase their chances of success, as poachers have done in other landscapes (Gadgil et al., 1993).

Interestingly, in one instance we found a plastic sack full of snares, which may suggest that the poachers store their snares
in the forest rather than carrying with them. This practice may reduce the poaching effort and also reduce the chances of
capture with incriminating evidence by authorities.

Although poaching of tigers using snare traps or cable snare has been detected in most tiger range states (Johnson et al.,
2016; Shepherd and Magnus, 2004; Wright, 2010), in the SRF the snare materials, placement, and association with prey food
suggest that the snares were set up to only target tiger prey. Similar to the poison baits, snares may also lead to the capture,
injury, and death of non-target species (Barlow, 2009). For example, in 2013 in the SRF a tiger was seen with the loop of a
nylon snare tightly constricting its forearm. Another tigress were rescued from a village adjacent to the SRF in 2012 that had
probably escaped from a prey snare and had lost its right hind leg (Reza et al., 2012).

Although only detected once in this study, poaching of tigers and prey by shooting with a gun may be more widespread
in the SRF, as it is in other South-Asian landscapes (Madhusudan and Karanth, 2002). For example, in 2016 a group of deer
poachers was arrested with hides and guns from the SRF.

4.2. Poaching intensity

It seems reasonable to conclude that tiger poaching, particularly by poison bait, could be one of the underlying causes
of the recorded decline in relative tiger abundance in the SRF over the past 7 years (Aziz et al., 2013; Rahman et al., 2012).
Likewise, the estimated 147 snare loops/100 km? in the SRF indicates a widespread and large-scale threat to the tiger’s prey
base in the SRF. This level of snaring intensity in the SRF is very high compared to approximately 21 trap sets/100 km?
recorded in Kerinci Seblat National Park of Sumatra (Linkie et al., 2015). The estimated snare loop density in our study is also
higher than the estimate of 55 snares/100 km? reported from the Tsavo National Park, Kenya where bush meat hunting is a
common practice (Wato et al., 2006). The widespread and intensified prey snaring in the SRF is likely driven by the high levels
of prey meat consumed by local people, that may account for 11 195 deer being killed annually (Mohsanin et al., 2013). The
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continued reduction of the tigers’ prey base may well also be contributing to the overall recent decline in tiger abundance
(Chapron et al., 2008; Karanth and Stith, 1999). However, additional modelling of the response of the tiger population to
tiger and prey poaching levels is needed to better quantify these threats.

4.3. Drivers influencing poaching intensity

The relatively high concentrations of poaching activities within the sanctuaries, may be due to the relatively high density
of tigers and prey in these areas (Dey et al., 2015). We found that there was higher poaching intensity in the WS compared to
the ES, which is in line with a recent study assessing the frequency of illegal human activity associated with wildlife crimes
detected in these areas (Hossain et al., 2016). Of note, the highest number of prey snare loops in a single daon (n = 296) was
also recorded in the WS. The positive relationship of poaching activities with the distance to forest guard posts suggest that
poachers avoid these guard posts to reduce their chances of detection from the authorities. This also explains why a high
intensity of poaching activities was recorded in the south and southwest areas of WS, where two forest guard posts were
either destroyed or temporarily abandoned (Fig. 4). In the Khao Yai National Park of Thailand, Jenks et al. (2012) observed
similar situation where poaching activity generally increased away from ranger stations.

While seemingly reducing their chances of detection, poachers seem to be reducing their effort by carrying out their
activities close to the navigable rivers and creeks. Unlike in other landscapes where poachers avoid transport networks
(Kimanzi et al., 2015), the poachers use of the SRF transport network may indicate either a low level of patrolling by the
authorities (Hossain et al., 2016) or an ability of the poachers to disguise their intentions while using the transport network.
The reduction of effort may also have the added advantage of enabling the poachers to check the bait and snare sets more
regularly to avoid animals escaping or decomposing (Wato et al., 2006). Our observations of intensive human foot-prints
around baits and snares suggest that poachers checked their bait and snare regularly to ensure a timely capture of ensnared
or poisoned animals, and replacement of bait.

Our finding that there was no significant effect of distance from the forest boundary on bait and snare intensity in the
SRF differed from studies in other landscapes where poaching signs were shown to either increase with distance to the
forest boundary (Wato et al., 2006; Kimanzi et al., 2015), or decrease with the increase of distance from the forest boundary
(Fitzgibbon and Mogaka, 1995). However, our results approached significance (P = 0.101), suggesting that there was some
effect that may have become significant with larger samples.

A camera trap study that detected high levels of activities such as fishing and wood collection in the SRF wildlife
sanctuaries did not detect any poaching activities (Hossain et al., 2016), despite there being high numbers of snare and
bait sets in those areas. This indicates that poaching in the SRF is being carried out as an ancillary activity by other types of
resource collectors, where nylon rope in particular can be used and transported for repairing fishing gear or making snares.
This would be a similar situation to other landscapes such as Tsavo West National Park, Kenya, where honey gatherers
were found to be setting snares while staying in the forest (Wato et al., 2006). Alternatively, poachers could be disguising
themselves as honey collectors or fishermen, or simply travelling with these groups.

4.4. Conservation implications

This study demonstrated a simple approach to investigating the methods, intensity and distribution of poaching, that
could be replicated across all tiger landscapes to better direct mitigating actions and monitor changes to tiger and deer
poaching. However, the approach we used does not appear an effective means of detecting the poachers themselves. Like
the SRF, many conservation situations involve dealing with poachers that are difficult to detect because they actively avoid
check points and/or disguise their activities. Although reducing poaching ultimately requires tackling the demand for the
wildlife products outside the forests, there is scope to improve how poachers are detected and identified while trying to catch
animals in the forest. For example, the effectiveness of existing patrolling techniques could be increased by concentrating
efforts away from guard posts and close to waterways, using randomized patrol times and routes, and searching boats for
poaching implements and captured prey. Likewise, improving anti-poaching intelligence networks is an effective and cost-
effective way to strengthen any patrolling efforts, as well as incorporating the use of new intelligence technologies and
software to enhance poaching detection. While drones or remote sensing methods may be able to detect the presence of
vehicles and people in a landscape, they do not necessarily facilitate the linking of those vehicles and people to an illegal
activity. As an alternative, our study suggests that remote camera traps would be a useful tool to identify poachers when
they return to their snare or bait sets. Camera traps are relatively low cost, are generally more robust and harder to detect,
and can produce better evidence than a forest guard trying to collect the same evidence. However, camera traps may be less
intrusive than ranger patrols but they should be hidden and made secure to reduce the risk of detection and theft.

Wildlife sanctuaries in the SRF are closed to all resource extraction, including fishing and honey collection. Since the
only access to the sanctuaries is by boat, excluding people from these areas would relatively simple matter by increasing the
surveillance and patrolling of rivers and waterways. Boats are easily detected, relative to poachers travelling on foot through
dense forest as is the case throughout much of tiger range, and therefore could be easily captured by rapid response teams
equipped with appropriate speedboats. Future developments would include technology like drones and camera traps with
real time GSM or satellite uplinks which could help to guide patrols to suspect boats.

In addition, this study and others suggest that there is a risk of wide spread use of carbofuran as a poison to kill tigers
across their range. Tigers have been killed by an unidentified poisons in Nepal (Martin, 1992), India (Wright, 2010) and



M.A. Aziz et al. / Global Ecology and Conservation 9 (2017) 70-81 79

Sumatra (Tilson et al., 2010), and the use of carbofuran is commonly reported by conservation practitioners in S and SE Asia
(J. Goodrich, unpublished data). Banning the use of carbofuran, or at the very least restricting its use in the SRF and other
tiger range states would be an important first step in making it more difficult for poachers to use this method. In other parts
of the world such as the European Union, Canada, the United States of America and parts of Africa, carbofuran use has already
been prohibited or severely restricted (Ogada, 2014; Relji¢ et al., 2012; Ruiz-Suarez et al., 2015).
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Appendix

Table A.1
Records of seizures of tiger parts in Bangladesh from 2011 to 2016.*

Date Location of seizure Tiger parts seized Seizure notes

26-Aug-16 Koyra, Khulna 1 tiger skin Six poachers arrested

21-Jul-16 Paikghacha, Khulna Tiger bones (15 pieces) Two poachers arrested

04-Mar-16 Bhatiagat, Khulna 1 tiger skin Two traders arrested

04-Mar-16 Koyra, Khulna 1 tiger skin Two traders arrested

26-Aug-15 Khulna city, Khulna 1 tiger skin Two smugglers arrested

25-Aug-15 Koyra, Khulna Tiger bones (5 pieces) Bones recovered by Forest Department

09-Aug-15 Mandarbaria, 3 tiger skins Five poachers arrested

Sundarbans

08-Aug-15 Rupsha, Khulna Tiger bones (69 pieces) Two poachers arrested

09-Jun-15 DCCmarket, Dhaka 1 tiger skull, 15 bones Also seized 20 vanity bags made of skins of
tiger, fishing cat, monitor lizard and snake

13-May-15 Sarankhola, Bagerhat 1 skull and157 tiger bones, One poacher held

deer snares

05-Feb-15 Tala, Satkhira 1 tiger skin One poacher held

25-Feb-15 Assassuni, Satkhira 1 tiger skin, 4 deer skins Three poachers arrested

20-Feb-15 Bhandaria, Pirojpur 1 tiger skin, 14 deer skins One poacher held

19-Jan-15 Kalabagan, Dhaka 1 skin, 5 deer skins Tiger skin had bullet holes indicating killed
by gun

14-Jan-15 Morrelganj, Bagerhat 1 skin, 1 skull, 25 bones, 29 Skin was about 10 ft long; immediate

teeth destination was Bagerhat
17-Oct-14 Satkhira sadar, 2 tiger skins Six poachers arrested with 2 fresh skins
Satkhira without any bullet signs

27-Jan-14 Khulna, Sundarbans 1 injured tiger Female tiger rescued but eventually died;
tiger escaped from rope snare on her right
arm

13-Apr-13 Uttara, Dhaka 1 tiger skin Two foreigners arrested with a skin

11-Jun-12 Shaymoli, Dhaka 3 tiger cubs Honey collectors caught them live from
Satkhira range and then handed over to
group of smugglers

08-Dec-11 Mothbaria, Pirojpur 1 tiger skin, 18 pieces of bones No sign of bullet or trap on skin;
destination was Benapole close to Indian
border

16-Feb-11 Sarankhola, Bagerhat 3 skins; 4 skulls, 32 kg bones Tigers poisoned with baits comprising 2

(138 pieces) of tigers

males and 1 female, with another skull

4 This information was collected from different secondary sources, and validated with wildlife crime database of WildTeam, which keeps records only after
verification with Forest Department and law enforcing agencies.



80 M.A. Aziz et al. / Global Ecology and Conservation 9 (2017) 70-81

References

Ahmad, M.LU., Greendwood, CJ., Barlow, A.C.D., Islam, M.A., Hossain, A.N.M., Khan, M.M.H., Smith, J.L.D., 2009. Bangladesh Tiger Action Plan 2009-2017.
Ministry of Environment and Forests, Bangladesh Forest Department, Dhaka.

Ameno, K, Lee, S.K, In, SW., Yang, ].Y., Yoo, Y.C., Ameno, S., Kubota, T., Kinoshita, H., ljiri, I, 2001. Blood carbofuran concentrations in suicidal ingestion
cases. Forensic Sci. Int. 116, 59-61. http://dx.doi.org/10.1016/S0379-0738(00)00336-4.

Aziz, A., Barlow, A.C.D., Greenwood, C.G., Islam, A., 2013. Prioritizing threats to improve conservation strategy for the tiger Panthera tigris in the Sundarbans
Reserve Forest of Bangladesh. Oryx 47, 510-518. http://dx.doi.org/10.1017/S0030605311001682.

Barlow, A.C.D., 2009. The Sundarbans Tiger: Evolution, Population Status and Conflict Managment. University of Minnesota.

Bavaghar, M.P., 2015. Deforestation modelling using logistic regression and GIS. J. For. Sci. 61, 193-199. http://dx.doi.org/10.17221/78/2014-JFS.

Brown, CJ., 1991. An investigation into the decline of the bearded vulture in southern Africa. Biol. Conserv. 57, 315-337.

Brown, CJ., 2006. Historic distribution of large mammals in the Greater Fish River Canyon Complex, southern Namibia, and recommendations for re-
introductions. Namibia.

Chapron, G., Miquelle, D., Lambert, A., Goodrich, J., Legendre, S., Clobert, J., 2008. The impact on tigers of poaching versus prey depletion. ]. Appl. Ecol. 45,
1667-1674.

Crawley, MJ., 2007. The R Book. John Wiley and Sons, Ltd., England, The Atrium, West Sussex.

Damania, R, Stringer, R., Karanth, K.U.U., Stith, B., 2003. The economics of protecting tiger populations?: linking household behaviour to poaching and prey
depletion. Land Econom. 79, 1-38. http://dx.doi.org/10.2307/3146867.

Dey, T.K., Kabir, M.]., Ahsan, M.M., Islam, M.M., Chowdhury, M.M.R., Hassan, S., Roy, M., Qureshi, Q., Naha, D., Kumar, U., Jhala, Y.V., 2015. First Phase Tiger
Status Report of Bangladesh Sundarbans. Bangladesh Forest Department, Ministry of Environment and Forests, Government of Bangladesh.

Dinerstein, E., Loucks, C., Wikramanayake, E., Ginsberg, ]., Sanderson, E., Seidensticker, ., Forrest, ], Bryja, G., Heydlauff, A., Klenzendorf, S., Leimgruber, P.,
Mills, J., O'Brien, T.G., Shrestha, M., Simons, R., Songer, M., 2007. The fate of wild tigers. Bioscience 57, 508. http://dx.doi.org/10.1641/B570608.

Duangchantrasiri, S., Umponjan, M., Simcharoen, S., Pattanavibool, A., Chaiwattana, S., Maneerat, S., Kumar, N.S., Jathanna, D., Srivathsa, A., Karanth,
K.U., 2016. Dynamics of a low-density tiger population in Southeast Asia in the context of improved law enforcement. Conserv. Biol. 30, 639-648.
http://dx.doi.org/10.1111/cobi.12655.

Ellis, R., 2005. Tiger Bone & Rhino Horn?: The Destruction of Wildlife for Traditional Chinese Medicine. Island Press, Washington D.C.

Fitzgibbon, C., Mogaka, H., 1995. Subsistence hunting in Arabuko-Sokoke Forest, Kenya, and its effects on mammal populations. Conserv. Biol. 9, 1116-1126.

Frank, L., Maclennan S., Hazzah, L., 2006. Lion Killing in the Amboseli-Tsavo Ecosystem, 2001-2006, and Its Implications for Kenya’S Lion Population, Nairobi.

Gadgil, M., Berkes, F., Folke, C., 1993. Indigenous knowledge for biodiversit conservation. Ambio 22, 151-156.

Goodrich, J.M., Kerley, L.L., Smirnov, E.N., Miquelle, D.G., McDonald, L., Quigley, H.B., Hornocker, M.G., McDonald, T., 2008. Survival rates and causes of
mortality of Amur tigers on and near the Sikhote-Alin Biosphere Zapovednik. J. Zool. 276, 323-329. http://dx.doi.org/10.1111/j.1469-7998.2008.00458.

X.

Guitart, R., Sachana, M., Caloni, F., Croubels, S., Vandenbroucke, V., Berny, P., 2010. Animal poisoning in Europe Part 3: Wildlife. Vet. J. 183, 260-265.
http://dx.doi.org/10.1016/j.tvjl.2009.03.033.

Herndndez, M., Margalida, A., 2008. Pesticide abuse in Europe: effects on the Cinereous vulture (Aegypius monachus) population in Spain. Ecotoxicology
17, 264-272. http://dx.doi.org/10.1007/510646-008-0193- 1.

Hofer, H., Mills, M.G.L., 1998. Population size, threats and conservation status of hyaenas. In: Mills, M.G.L., Hofer, H. (Eds.), Hyaenas: Status Survey and
Conservation Action Plan, IUCN/SSC Hyaena Specialist Group, Gland, Switzerland, pp. 64-79.

Hoffer, H., Campbell, K.L.I,, East, M.L., Huish, S.A., 2000. Modelling the spatial distribution of the economic costs and benefits of illegal game meat hunting
in the Serengati. Nat. Resour. Model. 13, 151-177.

Hossain, A.N.M., Barlow, A., Barlow, C.G., Lynam, A.J., Chakma, S., Savini, T., 2016. Assessing the efficacy of camera trapping as a tool for increasing detection
rates of wildlife crime in tropical protected areas. Biol. Conserv. 201, 314-319. http://dx.doi.org/10.1016/j.biocon.2016.07.023.

Hotte, M.H.H., Kolodin, L.A., Bereznuk, S.L., Slaght, ].C., Kerley, L.L., Soutyrina, S.V., Salakina, G.P., Zaumyslova, O.Y., Stokes, E.J., Miquelle, D.G., 2016. Indicators
of success for smart law enforcement in protected areas: A case study for Russian Amur tiger (Panthera tigris altaica) reserves. Integr. Zool. 11, 2-15.
http://dx.doi.org/10.1111/1749-4877.12168.

Huda, M.S. and Haque, M.E., 2001. Current Status of Dublar Char Winter Fishery and options for Improvements. Dhaka.

Hussain, Z., Acharya, G., 1994. Mangroves of the Sundarbans, Vol. Il. Bangladesh. IUCN - The Intenational Conservation Union, Bangkok.

Iftekhar, ML.S., Islam, M.R., 2004. Managing mangroves in Bangladesh: A strategy analysis. ]. Coast. Conserv. 10, 139-146. http://dx.doi.org/10.1652/1400-
0350(2004)010[0139:MMIBAS]2.0.CO2.

Islam, M., Wahab, M., 2005. A review on the present status and management of mangrove wetland habitat resources in Bangladesh with emphasis on
mangrove fisheries and aquaculture. Hydrobiologiaa 542, 165-190. http://dx.doi.org/10.1007/1-4020-4111-X_19.

IUCN-Bangladesh, 2001. The Bangladesh Sundarbans: A Photoreal Sojourn. IUCN - The Intenational Conservation Union Bangladesh country office, Dhaka,
Bangladesh.

Jackson, P., 1990. Chinese medicine threatens Asia’s last tigers. Cat News 13.

Jagrata Juba Shangha, 2003. Human-wildlife Interaction Study. Dhaka, Bangladesh.

Jenks, K.E., Howard, J., Leimgruber, P., 2012. Do ranger stations deter poaching activity in national parks in Thailand? Biotropica 44, 826-833. http:
//dx.doi.org/10.1111/j.1744-7429.2012.00869.x.

Jhala, Y., Gopal, R. and Qureshi, Q., 2008. Status of tigers, co-predators, and prey in India. New Delhi.

Johnson, A., Goodrich, J., Hansel, T., Rasphone, A., Strindberg, S., 2016. To protect or neglect: Design, monitoring and evaluation of a law enforcement strategy
to recover small populations of wild tigers and their prey. Biol. Conserv. 202, 99-109. http://dx.doi.org/10.1016/j.biocon.2016.08.018.

Jung, K., Kim, Y., Lee, H., Kim, ].-T., 2009. Aspergillus fumigatus infection in two wild Eurasian black vultures (Aegypius monachus Linnaeus) with carbofuran
insecticide poisoning: a case report. Vet. J. 179, 307-312. http://dx.doi.org/10.1016/j.tvjl.2007.09.004.

Karanth, U.K,, Stith, B.M., 1999. Prey depletion as a critical determinant of tiger population viability. In: Seidensticker, J., Christie, S., Jackson, P. (Eds.), Riding
the Tiger: Tiger Conservation in Human-Dominated Landscapes, Cambridge University Press, Cambridge, UK, pp. 100-113.

Khan, M.M.H., 2004. Ecology and Conservation of the Bengal Tiger. University of Cambridge.

Khan, M.M.H,, 2008. Prey selection by tigers Panthera tigris (Linnaeus 1758) in the Sundarbans East Wildlife Sanctuary of Bangladesh. J. Bombay Nat. Hist.
Soc. 105, 255-263.

Kimanzi, ].K., Sanderson, R.a., Rushton, S.P., Mugo, M.]., 2015. Spatial distribution of snares in Ruma National Park, Kenya, with implications for management
of the roan antelope Hippotragus equinus langheldi and other wildlife. Oryx 49, 295-302. http://dx.doi.org/10.1017/S0030605313000689.

Knapp, E.J., Rentsch, D., Schmitt, ., Lewis, C., Polasky, S., 2010. A tale of three villages: choosing an effective method for assessing poaching levels in western
Serengeti, Tanzania. Oryx 44, 178. http://dx.doi.org/10.1017/S0030605309990895.

Koenig, W.D., 1999. Spatial autosorrelation of ecological phenomena. Trends Ecol. Evol. 14, 22-26.

Lahoz-Monfort, ].J., Guillera-Arroita, G., Wintle, B.A., 2014. Imperfect detection impacts the performance of species distribution models. Glob. Ecol. Biogeogr.
23,504-515. http://dx.doi.org/10.1111/geb.12138.


http://refhub.elsevier.com/S0893-9659(15)00125-1/sb1
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb1
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb1
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb1
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb1
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb1
http://dx.doi.org/10.1016/S0379-0738(00)00336-4
http://dx.doi.org/10.1017/S0030605311001682
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb4
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb4
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb4
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb4
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb4
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb4
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb4
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb4
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb4
http://dx.doi.org/10.17221/78/2014-JFS
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb6
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb6
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb6
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb6
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb6
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb6
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb6
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb8
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb8
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb8
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb8
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb8
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb8
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb8
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb8
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb9
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb9
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb9
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb9
http://dx.doi.org/10.2307/3146867
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb11
http://dx.doi.org/10.1641/B570608
http://dx.doi.org/10.1111/cobi.12655
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb14
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb15
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb15
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb15
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb15
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb15
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb15
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb17
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb17
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb17
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb17
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb17
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb17
http://dx.doi.org/10.1111/j.1469-7998. 2008.00458.x
http://dx.doi.org/10.1111/j.1469-7998. 2008.00458.x
http://dx.doi.org/10.1111/j.1469-7998. 2008.00458.x
http://dx.doi.org/10.1016/j.tvjl. 2009.03.033
http://dx.doi.org/10.1007/s10646-008-0193-1
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb21
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb22
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb22
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb22
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb22
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb22
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb22
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb22
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb22
http://dx.doi.org/10.1016/j.biocon. 2016.07.023
http://dx.doi.org/10.1111/1749-4877.12168
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb26
http://dx.doi.org/10.1652/1400-0350(2004)010[0139:MMIBAS]2.0.CO2
http://dx.doi.org/10.1652/1400-0350(2004)010[0139:MMIBAS]2.0.CO2
http://dx.doi.org/10.1652/1400-0350(2004)010[0139:MMIBAS]2.0.CO2
http://dx.doi.org/10.1007/1-4020-4111-X_19
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb29
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb30
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb30
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb30
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb30
http://dx.doi.org/10.1111/j.1744-7429.2012.00869.x
http://dx.doi.org/10.1111/j.1744-7429.2012.00869.x
http://dx.doi.org/10.1111/j.1744-7429.2012.00869.x
http://dx.doi.org/10.1016/j.biocon.2016.08.018
http://dx.doi.org/10.1016/j.tvjl.2007.09.004
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb35
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb36
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb36
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb36
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb37
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb37
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb37
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb37
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb37
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb37
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb37
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb37
http://dx.doi.org/10.1017/S0030605313000689
http://dx.doi.org/10.1017/S0030605309990895
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb40
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb40
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb40
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb40
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb40
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb40
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb40
http://dx.doi.org/10.1111/geb.12138

M.A. Aziz et al. / Global Ecology and Conservation 9 (2017) 70-81 81

Linkie, M., Martyr, D.J., Harihar, A., Risdianto, D., Nugraha, R.T., Maryati, Leader-Williams, N., Wong, W.M., 2015. Safeguarding Sumatran tigers: Evaluating
effectiveness of law enforcement patrols and local informant networks. J. Appl. Ecol. 52, 851-860. http://dx.doi.org/10.1111/1365-2664.12461.

Madhusudan, M.D., Karanth, K.U., 2002. Local hunting and the conservation of large mammals in India. Ambio 31, 49-54. http://dx.doi.org/10.1579/0044-
7447-31.1.49.

Martin, E.B., 1992. The poisoning of rhinos and tigers in Nepal. Oryx 26, 82-86. http://dx.doi.org/10.1017/S0030605300023668.

Mohsanin, S., Barlow, A.C.D., Greenwood, CJ., Islam, M.A., Kabir, M.M., Rahman, M.M., Howlader, A., 2013. Assessing the threat of human consumption of
tiger prey in the Bangladesh Sundarbans. Anim. Conserv. 16, 69-76. http://dx.doi.org/10.1111/j.1469-1795.2012.00571.x.

Morell, V., 2007. Can the wild tiger survive? Science 317 (80), 1312-1314.

Neumann-Denzau, G., 2006. The tiger as scavenger: case histories and deduced recommendations. Tigerpaper 33, 1-9.

Ogada, D.L., 2014. The power of poison: Pesticide poisoning of Africa’s wildlife. Ann. NY Acad. Sci. 1322, 1-20. http://dx.doi.org/10.1111/nyas.12405.

O’Kelly, HJ., Evans, T.D., Stokes, E.J., Clements, T.J., Dara, A., Gately, M., Menghor, N., Pollard, E.H.B., Soriyun, M., Walston, ]J., Delacour, ]., Steinmetz,
R., Chutipong, W., Seuaturien, N., Walston, J., Robinson, ]., Bennett, E., Breitenmoser, U., Fonseca, G.da., Lynam, A., Redford, K., Corlett, R., Wilkie,
D., Bennett, E., Peres, C., Cunningham, A., Karanth, K., Nichols, J., Kumar, N., Link, W., Hines, ]., Cardillo, M., Mace, G., Jones, K., Bielby, ]J., Bininda-
Emonds, O., Milner-Gulland, E., Bennett, E., Jones, ]J., Nichols, J., Williams, B., Sutherland, W., Pullin, A., Dolman, P., Knight, T., Ferraro, P., Pattanayak,
S., Datta, A, Anand, M., Naniwadekar, R., Nowell, K., Sun, H., Weiler, H., Smith, D., Thomas, L., Buckland, S., Rexstad, E., Laake, ]., Strindberg, S.,
Karanth, K., Nichols, ., Kerley, L., Reed, S., Bidlack, A., Hurt, A., Getz, W., Kenney, ]., Smith, J., Starfield, A., Mcdougal, C., Johnson, A., Vongkhamheng, C.,
Hedemark, M., Saithongdam, T., Jenks, K., Chanteap, P., Damrongchainarong, K., Cutter, P., Redford, T., Srikosamatara, S., 2012. Identifying conservation
successes, failures and future opportunities; assessing recovery potential of wild ungulates and tigers in Eastern Cambodia. PLoS One 7, e40482.
http://dx.doi.org/10.1371/journal.pone.0040482.

Rahman, A, Lehann, P., Hossain, A.N.M., Ahsan, M., Chakma, S., Probert, J., Mahmud, S., Kabir, H.A., Karim, R., 2012. Bangladesh Sundarbans Relative Tiger
Abundance Survey: Technical Report 2012, Dhaka, Bangladesh.

Relji¢, S., Srebocan, E., Huber, D., Kusak, J., §uran,]., Brzica, S., Cukrov, S., Crnié, A.P., 2012. A case of a brown bear poisoning with carbofuran in Croatia. Ursus
23, 86-90.

Reza, A.M.M., Rahman, M.A,, Islam, K., Lahann, P., 2012. Summary on Immobilization of the Angtihara Tiger. Dhaka, Bangladesh.

Rifaie, F., Sugardjito, ]., Fitriana, Y.S., 2015. Spatial point pattern analysis of the Sumatran tiger (Panthera tigris sumatrae) poaching cases in and around
Kerinci Seblat National Park, Sumatra. Biodiversitas 16, 311-319. http://dx.doi.org/10.13057/biodiv/d 160228.

Rivera, S., Martinez de Anguita, P., Ramsey, R.D., Crowl, T.A., 2013. Spatial modeling of tropical deforestation using socioeconomic and biophysical data.
Small-Scale For. 12, 321-334. http://dx.doi.org/10.1007/s11842-012-9214-2.

Ruiz-Sudrez, N., Boada, L.D., Henriquez-Hernandez, L.A., Gonzalez-Moreo, F., Sudrez-Pérez, A., Camacho, M., Zumbado, M., Almeida-Gonzalez, M., del Mar
Travieso-Aja, M., Luzardo, O.P., 2015. Continued implication of the banned pesticides carbofuran and aldicarb in the poisoning of domestic and wild
animals of the Canary Islands (Spain). Sci. Total Environ. 505, 1093-1099. http://dx.doi.org/10.1016/j.scitotenv.2014.10.093.

Russ, G.R,, Alcala, A.C,, 2011. Enhanced biodiversity beyond marine reserve boundaries: the cup spillith over. Ecol. Appl. 21, 241-250.

Saif, S., Rahman, T.H.M., MacMillan, D.C., 2016. Who is killing the tiger Panthera tigris and why? Oryx 9, 1-9. http://dx.doi.org/10.1017/S0030605316000491.

Saif, S., Russell, A.M., Nodie, S.I, Inskip, C., Lehann, P., Barlow, A., Barlow, C.G., Islam, M.A., MacMillan, D.C., 2015. Local usage of tiger parts and its role in
tiger killing in the Bangladesh Sundarbans. Hum. Dimens. Wildl. 21, 95-110. http://dx.doi.org/10.1080/10871209.2015.1107786.

Salter, R.E, 1984. Integrated development of the Sundarbans: status and utilization of wildlife. Rome.

Sanderson, E., Forrest, J., Loucks, C., Ginsberg, J., Dinerstein, E., Seidensticker, ]., Leimgruber, P., Songer, M., Heydlauff, A., O'Brien, T., Bryja, G., Klenzendorf,
S., Wikramanayake, E. , 2006. Setting Priorities for the Conservation and Recovery of Wild Tigers: 2005-2015, The Technical Assessment. New York,
Washington D.C.

Satar, S., Satar, S., Sebe, A., Yesilagac, H., 2005. Carbofuran poisoning among farm workers. Mt. Sinai J. Med. 72, 389-392.

Seidensticker, ., Jackson, P., Christie, S., 1999. Riding the Tiger?: Tiger Conservation in Human-Dominated Landscapes. Zoological Society of London.

Shepherd, C.R., Magnus, N., 2004. Nowhere To Hide: The Trade in Sumatran Tiger, TRAFFIC Southeast Asia.

Stokes, E.J., 2010. Improving effectiveness of protection efforts in tiger source sites: Developing a framework for law enforcement monitoring using MIST.
Integr. Zool. 5, 363-377. http://dx.doi.org/10.1111/j.1749-4877.2010.00223 .

Tamang, K.M., 1993. Wildlife Management Plan for the Sundarbans Reserved Forest. Dhaka.

Tilson, R., Nyhus, P.J., Sriyanto, Rubianto, A., 2010. Poaching and poisoning of tigers in Sumatra for the domestic market. In: Tilson, R., Nyhus, P.J. (Eds.), The
Tigers of the World - the Science, Politics and Conservation of Panthera Tigris, Elsevier Inc., London, UK, pp. 101-112.

Tomlin, C.D.S., 2000. The Pesticide Manual, twelveth ed. British Crop Protection Council, Hampshire, UK.

Treep, L., 1973. On the Tiger in Indonesia (with Special Reference To Its Status and Conservation). Wageningen, The Netherlands.

Walston, J., Karanth, K.U., Stokes, E., Stokes, E., 2010a. Avoiding the Unthinkable: What Will It Cost to Prevent Tigers Becoming Extinct in the Wild?
Washington D.C.

Walston, ]., Robinson, J.G., Bennett, E.L.,, Breitenmoser, U., da Fonseca, G.A.B., Goodrich, J., Gumal, M., Hunter, L., Johnson, A., Ullas Karanth, K., Leader-
Williams, N., MacKinnon, K., Miquelle, D., Pattanavibool, A., Poole, C., Rabinowitz, A., Smith, ].L.D., Stokes, E.J., Stuart, S.N., Vongkhamheng, C., Wibisono,
H., 2010b. Bringing the tiger back from the brink-the six percent solution. PLoS Biol. 8, 6-9. http://dx.doi.org/10.1371/journal.pbio.1000485.

Wato, Y.A., Wahungu, G.M., Okello, M.M., 2006. Correlates of wildlife snaring patterns in Tsavo West National Park, Kenya. Biol. Conserv. 132, 500-509.
http://dx.doi.org/10.1016/j.biocon.2006.05.010.

Watson, F., Becker, M.S., Mcrobb, R., Kanyembo, B., 2013. Spatial patterns of wire-snare poaching: Implications for community conservation in buffer zones
around National Parks. Biol. Conserv. 168, 1-9. http://dx.doi.org/10.1016/j.biocon.2013.09.003.

Wikramanayake, E., Dinerstein, E., Seidensticker, ., Lumpkin, S., Pandav, B., Shrestha, M., Mishra, H., Ballou, ., Johnsingh, A.J.T., Chestin, L., Sunarto, S., Thinley,
P., Thapa, K., Jiang, G., Elagupillay, S., Kafley, H., Pradhan, N.M.B,, Jigme, K., Teak, S., Cutter, P., Aziz, M.A,, Than, U., 2011. A landscape-based conservation
strategy to double the wild tiger population. Conserv. Lett. 4, 219-227. http://dx.doi.org/10.1111/j.1755-263X.2010.00162.x.

Wobeser, G., Bollinger, T., Leighton, F.A., Blakley, B., Mineau, P., 2004. Secondary poisoning of eagles following intentional poisoning of coyotes with
anticholinesterase pesticides in westen Canada. J. Wildl. Dis. 40, 163-172.

Wright, B., 2010. Will the tiger survive in India? In: Tilson, R., Nyhus, P.J. (Eds.), The Tigers of the World - the Science, Politics and Conservation of Panthera
Tigris, Elsevier Inc., London, UK, pp. 88-99.

Zuur, AF., leno, E.N., Elphick, C.S., 2010. A protocol for data exploration to avoid common statistical problems. Methods Ecol. Evol. 1, 3-14. http://dx.doi.
org/10.1111/j.2041-210X.2009.00001.x.


http://dx.doi.org/10.1111/1365-2664.12461
http://dx.doi.org/10.1579/0044-7447-31.1.49
http://dx.doi.org/10.1579/0044-7447-31.1.49
http://dx.doi.org/10.1579/0044-7447-31.1.49
http://dx.doi.org/10.1017/S0030605300023668
http://dx.doi.org/10.1111/j.1469-1795. 2012.00571.x
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb46
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb46
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb46
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb46
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb46
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb46
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb46
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb47
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb47
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb47
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb47
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb47
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb47
http://dx.doi.org/10.1111/nyas.12405
http://dx.doi.org/10.1371/journal.pone.0040482
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb50
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb51
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb51
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb51
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb51
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb51
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb51
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb51
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb51
http://dx.doi.org/10.13057/biodiv/d160228
http://dx.doi.org/10.1007/s11842-012-9214-2
http://dx.doi.org/10.1016/j.scitotenv. 2014.10.093
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb56
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb56
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb56
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb56
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb56
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb56
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb56
http://dx.doi.org/10.1017/S0030605316000491
http://dx.doi.org/10.1080/10871209. 2015.1107786
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb61
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb61
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb61
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb61
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb61
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb61
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb61
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb62
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb62
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb62
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb64
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb64
http://dx.doi.org/10.1111/j.1749-4877.2010.00223.x
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb67
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb68
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb68
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb68
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb68
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb68
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb69
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb69
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb69
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb69
http://dx.doi.org/10.1371/journal.pbio.1000485
http://dx.doi.org/10.1016/j.biocon.2006.05.010
http://dx.doi.org/10.1016/j.biocon. 2013.09.003
http://dx.doi.org/10.1111/j.1755-263X.2010.00162.x
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb75
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb75
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb75
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb75
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb75
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb75
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb75
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb75
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb75
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://refhub.elsevier.com/S0893-9659(15)00125-1/sb76
http://dx.doi.org/10.1111/j.2041-210X.2009.00001.x
http://dx.doi.org/10.1111/j.2041-210X.2009.00001.x
http://dx.doi.org/10.1111/j.2041-210X.2009.00001.x

