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Abstract

Wildlife poaching poses a critical threat to biodiversity, disrupting trophic structures
and undermining ecosystem health. In response, some governments have adopted de-
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terrence measures, including the apprehension of poachers and the use of lethal force.
This study evaluates how the deterrence-based practices relate to population trends of
tigers, elephants, and rhinos in four national parks in Assam, India: Dibru-Saikhowa,
Kaziranga, Nameri, and Orang. Contrary to the assumption that punitive threats ensure

compliance with conservation laws and thereby reduce poaching, our findings indicate
that deterrence-based antipoaching enforcement actions have limited influence on meg-
afaunal population trends. Instead, ecological carrying capacity, proxied by park size,
showed a stronger association with changes in species population. This research repre-
sents a novel approach to assessing the relationship between deterrence-based enforce-
ment and population trends of elephants, tigers, and rhinos, offering important insights
for antipoaching control that considers ecological features and community wellbeing.
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1. Introduction

Wildlife poaching poses a serious threat to biodiversity [1, 2], disrupting trophic structures and undermining ecosystem
health [3-5]. In response, some conservation agencies have adopted deterrence measures, including lethal force—defined
here as the intentional or accidental killing of suspected poachers during poaching activities. Although highly controversial,
lethal force has been institutionalized in certain contexts through militarized or paramilitary operations, a process often
referred to as green militarization [6, 7]. This approach, involving the deployment of military strategies and actors in
conservation, has become increasingly common in protected areas, particularly across Africa [7, 8].

As poaching pressures escalate, policymakers in countries such as Malawi, the Democratic Republic of Congo, and
Uganda have embraced deterrence-based strategies where lethal force has effectively become de facto policy [7-10]. Sim-
ilar practices, though not formally codified, have been documented in South Africa’s Kruger National Park and in
Kaziranga National Park in Assam, India. [6, 8]. Between 2011 and 2016, an estimated 150-200 poachers were fatally
subjected to enforcement actions in Kruger National Park [11], while approximately 50 were reportedly lethally neutralized
by antipoaching operations in Kaziranga between 2014 and 2017 [8]. Such measures have been characterized as a “conflict
against poaching” [12, 13].
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Proponents argue that these tactics are necessary to protect both wildlife and local communities [14]. However, mount-
ing evidence suggests that militarized approaches can generate unintended consequences, including deforestation, habitat
degradation, and the displacement of indigenous populations [15]. Furthermore, deterrence measures often demonstrate
limited long-term effectiveness, as poaching networks adapt to enforcement strategies and continue to sustain illegal ac-
tivities through alternative means [16].

Despite the growing reliance on these approaches, empirical research assessing the effectiveness of deterrence-based
antipoaching enforcement measures remains limited. Existing studies, often focused on single cases, have yielded mixed
results. For instance, research on the Mexican grey wolf (Canis lupus baileyi) in the U.S. Southwest found higher rates of
disappearance when lethal protections were relaxed [17]. Conversely, other studies conclude that lethal deterrence is
largely ineffective and raises serious concerns over human rights abuses and community conflict [7, 15, 18]. Scholars
further argue that lethal-based antipoaching measures exacerbate existing power asymmetries between conservation au-
thorities and local communities, leading to violence disproportionately affecting marginalized groups [19, 20].

Beyond questions of effectiveness and ethics, scholars also contend that lethal force fails to address the root causes of
poaching, which often lie in poverty, social marginalization, and the lack of alternative livelihoods in surrounding com-
munities [12, 21, 22]. These socioeconomic drivers are particularly salient in regions such as Assam, India, where excep-
tional biodiversity coincides with porous borders and transnational wildlife trafficking networks. This intersection creates
a highly challenging conservation landscape, within which poaching has remained pervasive [23, 24]. In Assam, poaching
is fueled by its geographic proximity to Myanmar and Nagaland and the resulting cross-border smuggling of rhino horn,
tiger parts, and elephant skin [25, 26]. These illegal wildlife products are often exchanged for firearms, creating a vicious
cycle of violence and exploitation. As the region is known to show global ecological significance that contains multiple
national parks and UNESCO-designated protected areas, deterrence policies, ranging from fines and imprisonment to lethal
enforcement, remain the primary response to wildlife poaching. These policies are legally supported by the Indian Penal
Code (Sections 428 and 429) and the Indian Wildlife Protection Act of 1972 (Section 51), which empower authorities to
impose significant penalties on poachers [27]. The assumption behind these policies is that stronger legal consequences
will discourage poaching activities.

Against this backdrop, the study presents a novel empirical analysis examining the extent to which deterrence-based
antipoaching measures affect the population size of megafauna species vulnerable to poaching in Assam. We focus on two
endangered megafaunas, tigers (Panthera tigris tigris), elephants (Elephas maximus), and megafauna rhinos (Rhinoceros
unicornis) with vulnerable status by the IUCN (International Union for Conservation of Nature) [26] and use data from
the Assam Forest Department. By assessing deterrence outcomes through a multi-species lens, this study adds to the on-
going debate about whether such policies are effective in controlling poaching and/or ethical in modern conservation. We
find that deterrence-based approaches, particularly those incorporating apprehension of poachers and lethal enforcement,
are not associated with increases in population size of the three different species of our interest.

To our knowledge, this study represents the first empirical assessment of deterrence outcomes across three endangered
or vulnerable megafauna species within a unified legal and ecological framework. The findings suggest that conservation
policies should adopt a more balanced approach—one that combines enforcement with meaningful community engage-
ment, directly addresses the socioeconomic drivers of poaching, and incorporates habitat-specific management strategies.
Importantly, deterrence-based measures warrant critical reconsideration where they risk undermining conservation objec-
tives by imposing disproportionate burdens on forest-dependent communities, many of whom rely on these ecosystems
for survival yet are not themselves engaged in poaching activities [19, 20].

2. Methods
2.1 Study Sites

Among Assam’s extensive network of protected areas (1) Dibru-Saikhowa, Kaziranga, Nameri, and Orang National Parks
hold special designations for the protection of megafauna. These parks vary from 78.90 km? to 430 km? in area, Kaziranga
National Park being the largest and approximately five times the size of Orang National Park (Figure 1). Species compo-
sition also differs across each national park. For instance, both Kaziranga and Orang National Parks are home to elephants,
tigers, and rhinos, whereas rhinos are absent in Nameri National Park. Additionally, Dibru-Saikhowa National Park, des-
ignated as a UNESCO Biosphere Reserve, only has wild elephants and spans vast terrestrial ecosystems providing habitat
for numerous endangered/vulnerable mammals, birds, and reptiles [25]. Table 1 summarizes our study sites, special des-
ignations, park size, and megafauna species protected.
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Table 1. Study Sites in Assam, India

Protected Area Special Designations Size (sq. km) Megafauna
Dibru-Saikhowa National Park Biosphere Reserve 340 Elephants
Kaziranga National Park UNESCO World Heritage Site, Tiger 430 Elephant, rhino, tigers
Reserve
Nameri National Park Tiger Reserve 200 Elephant, tigers
Rajiv Gandhi Orang National Park Tiger Reserve 78.80 Elephant, rhino, tigers
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Figure 1. Diagrammatic map showing locations and landscapes of study sites.

2.2 Data and Analytic Methods

To examine the relationship between deterrence policies and wildlife conservation, a unique dataset was compiled, incor-
porating the number of poachers arrested and killed annually, along with wildlife census data from Kaziranga, Orang,
Nameri, and Dibru-Saikhowa National Parks. The Assam Forest Department collected these data between 1985 and 2020,
which were subsequently integrated with census records of rhinos, tigers and elephants across the four national parks. All
variables were transformed to make them relative to a national park size as stated below.

1. Census data: Wildlife population density for endangered tigers and elephants, and vulnerable rhinos was calculated
by using the ratio of population numbers to the national park area (km?) and natural log transformed.
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2. Apprehension of poachers: Animal Laws under Indian Penal Code of 1860 and the Wildlife Protection Act of 1972
deal with penalties regarding hunting of endangered/vulnerable species. There are fines and prison time associated with
the Indian Penal Code and Wildlife Protection Act. Both authorize the Assam Forest Department to apprehend poachers.
Lastly, poachers arrested per year were not normalized to the national park or log-transformed because the number of
poachers arrested per year for each national park was generally zero with little variation.

3. Use of lethal force toward poachers: The number of poachers killed in self-defense was included in the regression
models. Lastly, poachers killed per year was not normalized for the national park and log-transformed because the number
of poachers killed per year for each national park was generally zero with little variation.

4. Park area: The ‘park area’ variable was added as a control. It is used to designate the area of the national park.

5. Time: The ‘year’ variable was added to account for population size changes with time. The data is from 1985 to 2020.

The relationships of interest were analyzed by OLS regression method in R [28]. It should be noted that outliers were
not excluded from capturing the changes or variations of species population size that could be driven by changes in the
environment and market demands. We performed group mean imputation for missing data of rhino, tiger, and elephant
population density [29]. Each model was tested for multicollinearity using the variance inflation factor (VIF) criterion of
four (4), and there was no evidence of heteroscedasticity in each model. Kaziranga National Park was chosen as the base-
line for comparison due to its unique conservation status and protection.

3. Results

Table 2 presents three regression models for wild rhinos, tigers, and elephants. Our statistical models in Table 3 indicate
that anti-poaching enforcement with apprehension and use of incidental force toward poachers were not statistically asso-
ciated with changes in population size of wild tigers, elephants, and rhinos. In contrast, our findings reveal that park size
and year are statistically associated with tiger, rhino, and elephant population trends. Larger protected areas exhibit higher
carrying capacities, which is particularly important for species with low reproductive rates and high parental investment
(e.g., tigers, rhinos, and elephants), and these species require extensive, undisturbed habitats to support their needs for
breeding, foraging, and migration [4, 13, 30]. Additionally, the observed positive correlation between Orang National Park
and tiger populations may be attributed to tiger movement between Kaziranga and Orang, suggesting ecological connec-
tivity enhances species viability [31].

We also find a general annual increase in tiger and rhino populations, supported by census data from the Assam Forest
Department. However, elephant populations have shown a slight decline over time, likely due to their dispersal from na-
tional parks to nearby elephant reserves. For example, elephants from Kaziranga National Park can migrate to Karbi An-
glong Elephant Reserve. Moreover, Nameri National Park is linked to Sonitpur Elephant Reserve, and Dibru-Saikhowa
National Park is near the Dihing-Patkai Elephant Reserve [25].

Table 2. Descriptive statistics of variables

Observations Mean SD Max Min

Dibru Saikhowa National Park

Elephant (Elephas maximus) 36 -0.336 0.083 -0.021 -0.628
Apprehension of poachers 36 0.528 1.134 4.000 0.000
Use of lethal force toward poachers 36 0.000 0.000 0.000 0.000

Kaziranga National Park

Elephant (Elephas maximus) 36 0.416 0.019 0.478 0.342
Rhino (Rhinoceros unicornis) 36 0.608 0.073 0.749 0.400
Tiger (Panthera tigris tigris) 36 -0.849 0.025 -0.771 -0.939
Apprehension of poachers 36 37.583 26.096 113.000 2.000

Use of lethal force toward poachers 36 4.611 5.320 23.000 0.000
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Table 2 Continued

Nameri National Park

Elephant (Elephas maximus) 36 -0.116 0.046

Tiger (Panthera tigris tigris) 36 -1.718 0.065

Apprehension of poachers 36 2.409 1.543

Use of lethal force toward poachers 36 0.000 0.000
Orang National Park

Elephant (Elephas maximus) 36 -1.198 0.045

Rhino (Rhinoceros unicornis) 36 -0.025 0.054

Tiger (Panthera tigris tigris) 36 -0.594 0.113

Apprehension of poachers 36 7.278 9.773

Use of lethal force toward poachers 36 0.444 0.909

0.063 -0.248
-1.602 -2.028
7.000 0.000
0.000 0.000
-1.053 -1.296
0.107 -0.235
-0.366 -0.898
32.000 0.000
3.000 0.000

Table 3. Regression models of the relationship between deterrence-based policy measures and megafaunal species population size (*=
is separated from p<-0.05,**p<0.01, ***=p<0.001)

Model
Megafaunal species Variables
Coefficients Standard Error
Apprehension of poachers 5.761e-05 3.526e-04
Use of lethal force toward poachers -1.102¢-05 -1.102¢-05
Park area (Dibru Saikhowa) -7.494e-01*** 1.849¢-02
Elephant (Elephas Park area (Nameri) -5.297e-01%** -1.811e-02
maximus) Park area (Orang) -1.613e+00%*** 1.697¢-02
Year -2.156e-04 4.511e-04
Observations 144
Adjusted R? 0.9916
Apprehension of poachers 0.0003 0.0004
Use of lethal force toward poachers 0.0005 0.0020
Rhino (Rhinoceros Park area (Orang) -0.6214%** 0.0193
unicornis) Year 0.0020%* 0.0007
Observations 72
Adjusted R? 0.9656
Apprehension of poachers -4.961e-05 5.092¢-04
Use of lethal force toward poachers -1.971e-03 2.504e-03
Park area (Nameri) -8.799¢-01*** 2.600e-02
Tiger (Panthera Park area (Orang) 2.454e-01%** 2.435¢-02
tigris tigris)
Year 9.920e-04 7.524e-04
Observations 108
Adjusted R? 0.9753
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4. Discussion

Our analysis finds that deterrence anti-poaching measures, including arrests and lethal enforcement, had no statistically
significant effect on the population densities of tigers, rhinos, or elephants. Deterrence policies rest on the assumption that
poaching is driven by rational self-interest of poachers and could be curbed through the threat of punishment [32]. In
Assam, however, where demand for wildlife products remains high and prosecution rates are relatively low [33], fear-
based strategies appear to have limited conservation value as supported by our findings.

By contrast, ecological factors, park size and year, emerge as significant predictors of population trends. Larger parks,
such as Dibru-Saikhowa National Park (340 km?), sustain higher carrying capacities, which is especially critical for species
with low reproductive rates and high parental investment [16, 34]. These megafauna depend on extensive, relatively un-
disturbed habitats for breeding, foraging, and migration [4, 30, 31]. We also find the positive correlation between tiger
populations and Orang National Park, which suggests that landscape-level linkages enhance viability and buffer against
localized declines [25, 35].

Temporal patterns further highlight the complexity of conservation outcomes. While tiger and rhino populations show
steady increases, reflecting the benefits of sustained conservation, elephant populations show slight declines. Rather than
direct losses within parks, this trend reflects elephants’ dispersal into adjoining reserves such as Karbi Anglong, Sonitpur,
and Dihing-Patkai reserves [25, 35]. These dynamics emphasize elephants’ need for ecological networks beyond static
park boundaries.

Our study suggests that conservation strategies for antipoaching centered narrowly on apprehensions and lethal enforce-
ment operations are unlikely to achieve the desired policy outcomes. Instead, conservation in Assam and beyond can
benefit from a shift in conservation policy toward non-lethal, community-centered, and preventive strategies. Community-
based conservation initiatives—such as livelihood alternatives, revenue-sharing, and stewardship programs—have proven
effective in reducing poaching pressures [36, 37]. Complementing these efforts, technological tools such as drones, Al-
based hotspot prediction, and GPS (Global Positioning System) tracking can expand the conservation toolkit without es-
calating violence [26, 38]. As confirmed in our findings, habitat corridors and buffer zones can ensure long-term ecological
viability while strengthening the coexistence of human and wildlife [39, 40]. Given that poaching is often embedded within
organized criminal networks and global commodity chains [41, 42], national or state park authorities should evaluate
deterrence-based anti-poaching measures within a broader global context that incorporates demand reduction [6, 43]. Fur-
thermore, at higher governance levels, dismantling trafficking networks through intelligence-sharing and financial inves-
tigations can address the systemic drivers of illegal trade [44].

Future research could benefit from replicating this study with larger sample sizes and additional control variables that
capture institutional contexts across multiple jurisdictions, as our methodological approach relied on a limited dataset
within a single-country context. Nonetheless, this study makes a novel contribution to the literature on wildlife conserva-
tion and management by empirically evaluating the effectiveness of antipoaching measures using multi-species data from
Assam, India.

The overarching lesson for policymakers and conservation practitioners is that, in areas characterized by high levels of
poaching, greater attention should be devoted to designing antipoaching strategies that prioritize ecological and social
foundations, maintain landscape connectivity, and engage local communities as partners rather than adversaries. Conser-
vation policies aligned with these principles have the potential to be not only more effective in enhancing biodiversity
outcomes but also more equitable and ethically defensible.

5. Conclusion

While deterrence-based antipoaching policies and enforcement operations are intended to reduce poaching, they remain
highly controversial due to ethical, social, and practical concerns. These issues raise fundamental questions about the
appropriateness and effectiveness of punitive, enforcement-based approaches against illegal poaching. In this study, we
aim to assess whether lethal control measures in wildlife management are associated with changes in population size, even
amidst the urgent imperative to protect endangered and vulnerable species such as tigers, rhinos, and elephants from poach-
ing. Our findings from Assam indicate that deterrence-based policies, including apprehension and the use of lethal force
against suspected poachers, are not linked to changes in population sizes. Instead, park size emerges as a more significant
predictor of population trends, highlighting the central importance of habitat availability, ecological carrying capacity, and
landscape connectivity. These results point to the need for a conservation policy that prioritizes ecological requirements
while ensuring the well-being of local communities, rather than relying narrowly on punitive enforcement.
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This research contributes to the literature on antipoaching and wildlife management by linking conservation biology
with policy evaluation, drawing on approximately 40 years of data from India's national parks. Future work can extend
this methodological foundation to other regions experiencing similar pressures on megafauna poaching. Comparative anal-
yses across diverse socio-ecological contexts will be vital for refining strategies that are not only ecologically robust but
also socially just. Such efforts will strengthen global biodiversity protection by advancing conservation approaches that
balance ecological effectiveness with ethical responsibility.
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