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Abstract

This study examines the relationship between anti-poaching management strategies and wild greater one-horned
rhinoceros population outcomes in Assam, India. Drawing on archival data from the Assam Forest Department,
the study assesses whether key anti-poaching measures, including frontline staffing levels, personnel salary
expenditures, poacher arrests, and patrolling efforts, are associated with changes in wild rhino populations. The
findings reveal that frontline staffing levels and salary expenditures are significantly associated with rhinoceros
population recovery, suggesting that investments in human resources may strengthen deterrence, field
monitoring, and habitat protection. Legal enforcement, measured by the number of poachers arrested, also
demonstrates a statistically significant association with rhinoceros population outcomes, highlighting the
importance of effective law enforcement in anti-poaching strategies. In contrast, patrolling effort alone was not a
statistically significant predictor of rhinoceros population changes, suggesting that patrol effectiveness may
depend on complementary measures, such as adequate staffing, consistent law enforcement, and systematic
monitoring. Overall, the findings highlight the importance of institutional capacity and coordinated enforcement
strategies in rhinoceros conservation. The study offers practical policy implications for prioritizing investments
in frontline personnel, strengthening enforcement capacity, and improving monitoring systems to support
long-term rhinoceros population recovery.

Keywords: anti-poaching, rhinoceros population, workforce capacity, legal enforcement, patrolling, protected
areas, national park

1. Introduction

The greater one-horned rhino (Rhinoceros unicornis Linnaeus, 1758) is a megaherbivore classified as Vulnerable
(Ellis & Talukdar, 2019), with an estimated 4,075 mature individuals remaining in the wild (Save the Rhino,
2026). The species faces multiple threats, including habitat loss (A. Medhi & Saha, 2014; Sarma et al., 2009),
human—wildlife conflict (S. Medhi & Saikia, 2025), poaching (Gogoi & Gogoi, 2022; United Nations Office on
Drugs and Crime, 2022), and climate change (D. K. Dutta et al., 2021; Hira, 2022; Thukral et al., 2025). In the
late 1800s and early 1900s, the decline in alluvial plains grasslands for agricultural development led to an
increase in sport hunting for wild rhinos. Wild rhinos are illegally hunted mainly for their horns, and
occasionally for their tails and nails to be used in Traditional Asian Medicine (Ellis & Talukdar, 2019). In
Taiwanese, Vietnamese, and Chinese markets, Asian rhino horn is traditionally referred to as “fire horn,”
whereas African rhino horn is known as “water horn.” These distinctions reflect cultural associations and the
perceived status associated with rhino horn in these markets (Ellis & Talukdar, 2019; Gogoi & Gogoi, 2022).
Rhino horn has also commanded exceptionally high prices on illegal markets, with reported values ranging from
US$97,000 to US$400,000 per kilogram (Dang Vu & Nielsen, 2018; Haas & Ferreira, 2016).

Two major strongholds of greater one-horned rhino populations occur in the floodplains of Chitwan National
Park in Nepal and Kaziranga National Park in India (Subedi et al., 2017). India and Nepal have been major
sources of illegally harvested rhino horn, with China identified as a destination market and Myanmar serving as
a transit route for smuggling (United Nations Office of Drug and Crime, 2022). According to the Asian Rhino
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Specialist Group, cross-border trafficking through Myanmar has become a primary route for moving rhino horn
from Assam to Kachin State in Myanmar, Yunnan Province in China, and other Southeast Asian countries,
including Vietnam (Gogoi & Gogoi, 2022). This trafficking has contributed to significant declines in several
important wild rhino populations, particularly in Chitwan and Bardia National Parks in Nepal and Manas
National Park and Laokhowa Wildlife Sanctuary in India. Nevertheless, government-led conservation policies
and targeted protection measures in India and Nepal have contributed to the preservation of remaining greater
one-horned rhinoceros populations. These efforts have been associated with declining poaching incidents across
several protected areas, although Laokhowa Wildlife Sanctuary in India has been identified as a notable
exception (Ellis & Talukdar, 2019).

Illegal wildlife trafficking remains a significant threat to the conservation of the greater one-horned rhinoceros.
According to the Asian Rhino Specialist Group, cross-border trafficking routes extend from Assam, India,
through Kachin State in Myanmar to Yunnan Province in China and other Southeast Asian markets, including
Vietnam (Gogoi & Gogoi, 2022). Poaching and illegal wildlife trade have contributed to substantial declines in
several important rhinoceros populations, particularly those in Chitwan and Bardiya National Parks in Nepal and
Manas National Park and Laokhowa Wildlife Sanctuary in India. In response, local governments in India and
Nepal have implemented conservation policies and anti-poaching measures to protect remaining rhinoceros
populations. These efforts have contributed to reductions in poaching across several protected areas, although
Laokhowa Wildlife Sanctuary in India remains a notable exception (Ellis & Talukdar, 2019).

Although greater one-horned rhino populations have shown increasing trends in India and Nepal (Ellis &
Talukdar, 2019), global rhino horn seizures have also increased, highlighting the continued challenges posed by
illegal trade (United Nations Office on Drugs and Crime, 2022). Rhino horns seizures make up 11.8% of the
total seizures between 2014 to 2018, and there were 10 live rhinos and 970.5 kg of rhino horns were illegally
seized in 2019 (United Nations Office of Drug and Crime, 2022). Between 2010 to 2020, 83 incidents of rhino
horns estimated to be approximately 63 kg was seized and 43 suspects were arrested between 2018 to 2021 by
the law enforcement authorities in India alone (CITES CoP19, 75, 2021). These scizures could have a
devastating impact on wild rhino populations, and could cause broader crisis in biodiversity loss (Jhala et al.,
2021; Subedi et al., 2017).

This study evaluates the effectiveness of long-term anti-poaching management practices by examining the
relationships between workforce capacity, legal enforcement, patrolling effort, and wild greater one-horned rhino
population outcomes in Assam, India. Workforce capacity reflects sustained institutional investment in frontline
personnel, including staffing levels and salary expenditures, which support rhino protection, habitat monitoring,
and community engagement (World Wildlife Fund for Nature, 2018; WWF-India, 2021). Legal enforcement
captures the implementation of wildlife protection laws, including Sections 428 and 429 of the Indian Penal
Code of 1860 and Section 51 of the Wildlife Protection Act of 1972, which establish legal penalties for offenses
involving wildlife (Chandewar, 2024; WWF-India, 2021). Patrolling efforts refers to systematic field-based
enforcement and monitoring activities aimed at detecting illegal activities, identifying poaching hotspots,
documenting wildlife distribution and habitat use (Hoppe-Dominik et al., 2011; Hotte et al., 2016; Jachmann,
2008; Lotter & Clark, 2014; Moreto & Matusiak, 2017). Those three dimensions are operationalized using
administrative indicators, including the number of frontline personnel, salary expenditures, poacher arrests, and
patrolling effort. By examining these measures over time, the study assesses whether sustained investments in
institutional capacity, legal enforcement, and field monitoring are associated with long-term changes in
rhinoceros populations across Assam’s national parks.

2. Poaching Vulnerability and Conservation Enforcement in Assam

Wild rhinos are particularly vulnerable to external threats, such as poaching, due to their slow life cycle (H. Y.
Jhala et al., 2021; Subedi et al., 2017). Their reproduction and biology predisposes them to longevity estimates
of 30 to 45 years, lengthy gestation length of approximately 16 months, longer median inter-calve interval of
approximately 2.8 years, and higher age of sexual maturity estimates of 5 to 7 years for females and 8 to 10 years
for males (Ellis & Talukdar, 2019; Laurie, 1982). Laurie (1982) also notes that some males are lost to
male-to-male competition during mating.

The vulnerability of wild rhinoceros populations to poaching varies considerably depending on population size,
poaching intensity, and the demographic characteristics of individuals targeted. Jhala et al. (2021) found that
small populations of fewer than 10 individuals and medium-sized populations of 20 to 30 individuals were
particularly vulnerable to poaching and unable to sustain continued losses. Even larger populations exceeding 50
individuals could withstand only low levels of poaching for a limited period before experiencing population

120



par.ccsenet.org Public Administration Research Vol. 15, No. 2; 2026

collapse. Moreover, sustained low-level poaching may pose a greater long-term extinction risk than intense but
intermittent poaching events. Similarly, Subedi et al. (2017) demonstrated that persistent poaching at moderate
levels can substantially increase the probability of rhinoceros population extinction. However, Jhala et al. (2021)
suggested that populations of approximately 100 individuals may remain viable over the long term under low
levels of poaching while maintaining high genetic heterozygosity, even without immigration from other
populations. Beyond population size and poaching intensity, the demographic composition of poaching losses
also influences population viability. Although poachers frequently target male rhinoceroses because of their
larger horns, Subedi et al. (2017) found that the loss of reproductive females poses a greater threat to population
persistence than the loss of males. Specifically, annual poaching losses exceeding 6 females and 12 males may
result in negative population growth and heightened extinction risk, particularly when accompanied by declining
habitat quality (Subedi et al., 2017).

Assam is recognized for its rich biodiversity and contains several national parks and UNESCO-designated
protected areas (Government of Assam—Environment and Forest, 2025). Despite these conservation efforts,
wildlife poaching remains a significant challenge. Assam’s porous international border with Myanmar and its
state border with Nagaland may facilitate opportunistic poaching and the movement of wildlife products (Gogoi
& Gogoi, 2022; Talukdar, 2003). Gogoi and Gogoi (2022) report that poachers maintain clandestine camps in
Dimapur, Nagaland, and along the riverbanks of the Brahmaputra River. The authors also indicate that river
routes are widely used for travel and communication, potentially facilitating covert poaching activities. In Assam,
the management of protected areas and the implementation of anti-poaching measures involve the Office of the
Principal Chief Conservator of Forests (PCCF), the Head of Forest Force (HoFF), and the State Board for
Wildlife. These institutions play roles in overseeing biodiversity conservation and supporting wildlife protection
initiatives, including anti-poaching operations, within the framework of the Assam Project on Forest and
Biodiversity Conservation (2018).

3. Data and Methods

Assam is in northeastern India, south of the eastern Himalayas, and encompasses the Brahmaputra and Barak
River valleys. The state is recognized for its rich biodiversity, diverse flora and fauna, and extensive network of
protected areas. Kaziranga, Manas, and Orang National Parks support important wild rhino populations and vary
considerably in size, ranging from approximately 78.80 to 500 km? (Government of Assam—Environment and
Forest, 2025).

Kaziranga, Manas, and Orang protected areas were first created under the British government. Kaziranga
National Park was created as a reserve forest in 1905 under Lord Curzon, the Viceroy of India. Similarly, Manas
National Parks were created as wildlife sanctuary in 1928, and Orang National Park was created as a game
reserve in 1915 (Government of Assam--Environment and Forest, 2025; National Tiger Conservation Authority,
2025; Saikia, 2011). After independence, these protected areas became national parks and assigned special
designations under the new Indian government--Table 1 summaries the park designations (Government of
Assam--Environment and Forest, 2025; National Tiger Conservation Authority, 2025). In the mid to late-1980s,
data collection on conservation actions such as workforce capacity, legal enforcement, patrolling efforts, and
wildlife census gathering was formalized in terms of mandatory actions and record-keeping. This study heavily
relies on administrative records logged by forest officers in the national parks and verified by the Principal Chief
Conservator of Forests and Head of Forest Force (PCCF/HoFF), Assam. The dataset used records that include: (1)
annual workforce numbers, (2) annual workforce salary expenditures, (3) the number of poachers arrested per
year, (4) average kilometers patrolled per year, and (5) rhino census data covering the period from 1985 to 2020.
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Table 1. Study sites and conservation designation timeline

Tiger Biosphere
National Park  National Park UNESCO

Protected Area Reserve Reserve Megafauna
Size (sq. km) Designation Designation
Notification Notification
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Figure 1. Locations of National Parks with Wild Greater One-Horned Rhinoceros Populations in Assam, India

For the empirical analysis, we developed a set of variables to examine the effects of workforce capacity, legal
enforcement, and patrolling efforts on rhino population outcomes. These variables are defined as follows.
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Table 2. Description of variables used in the analysis

Dimensions

Variables

Description

Dependent

Rhino population

density

We calculated rhino population density by dividing the estimated number of rhinos by the
area of each national park (km?). The resulting density values were then natural

log-transformed for analysis.

Independent

Legal

enforcement

Legal enforcement was measured as the annual number of poachers arrested in each
national park. During the study period, India's wildlife protection framework included the
Wildlife (Protection) Act of 1972 and relevant provisions of the Indian Penal Code of 1860.
These laws established penalties for wildlife-related offenses, including fines and
imprisonment, and provided a legal basis for enforcement against illegal hunting. Annual
arrest counts were neither normalized by national park area nor natural log-transformed

because the recorded values were predominantly zero and exhibited little variation.

Patrolling efforts

Patrolling effort was measured as the average number of kilometers patrolled on foot per
year. Patrolling is an important wildlife protection strategy intended to deter poaching and
support wildlife law enforcement. In Assam’s national parks, frontline forest staff conduct
patrols during both daytime and nighttime. Although patrolling methods include boats,
jeeps, elephant-back patrols, and foot patrols, this study focused exclusively on
foot-patrolling distance in the regression models. Annual foot-patrolling distance was
neither normalized by national park area nor natural log-transformed because the analysis
focused on absolute patrolling effort rather than the proportion of each park’s area covered

by patrols. Differences in park area were accounted for in the regression models.

Workforce
capacity

. Workforce Numbers: Frontline staffing included Forest Guards, Game Watchers,
Foresters I and II, and Ranger Officers I and II. We calculated frontline staff density
by dividing the number of frontline staff by the area of each national park (km?). The
resulting values were then natural log-transformed to account for differences in park
size and standardize workforce measures relative to the area of each park.

o Workforce Salary: Because salaries were uniform across frontline staff within each
year, we estimated total annual frontline staft salary for each national park using a
standardized calculation. First, we calculated the midpoint of the reported salary
range for frontline staff. We then converted this amount from Indian rupees to U.S.
dollars using the corresponding annual exchange rate. Next, we multiplied the
midpoint salary in U.S. dollars by the number of frontline staff in each national park
for each year to estimate total frontline staff salary. This measure was therefore
proportional to the number of frontline staff employed. Finally, we applied a natural
logarithmic transformation to the estimated total salary to reduce skewness in the

data.

Control

Biosphere

reserve

The reserve plays a critical role in protecting endangered species, maintaining ecological
corridors, and supporting transboundary wildlife conservation with Bhutan. It also

contributes to rhino reintroduction programs and habitat restoration

UNESCO world

Areas with outstanding natural beauty, geological formations, ecological processes, or

heritage site  habitats for endangered species
(UNESCO)
Time To account for year-specific variation across the study period from 1985 to 2020.
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4. Results

To evaluate the conservation outcomes of long-term anti-poaching management practices, we examined the
associations between workforce capacity, legal enforcement, patrolling effort, and changes in wild greater
one-horned rhino populations. We used ordinary least squares (OLS) regression models implemented in R (R
Core Team, 2022) to assess these relationships. Outliers were retained because observed population fluctuations
may represent ecologically meaningful variation associated with environmental change, poaching pressure, or
market demand. Missing values in rhino population density were addressed using group mean imputation (Tay,
2021). We assessed multicollinearity using the variance inflation factor (VIF), applying a threshold of 4; all
models had VIF values below this threshold. We evaluated heteroscedasticity using the Breusch—Pagan test and
found no evidence of heteroscedasticity in the models. Table 3 presents descriptive statistics for the variables
included in the analysis, and Table 4 summarizes the results of the rhino population regression models.

Model 1 serves as the baseline specification and includes all control variables. In Models 2 through 5, the
biosphere reserve and UNESCO designation variables were excluded to address multicollinearity concerns. In
Models 6 and 7, the UNESCO variable was excluded, while in Model 8, the biosphere reserve variable was
excluded for the same reason. Additionally, in Models 6 through 8, workforce capacity was disaggregated into
two separate measures, workforce size and salary expenditures, to address multicollinearity. A model
simultaneously including UNESCO designation, workforce salary expenditures, legal enforcement, and
patrolling effort was not estimated because of multicollinearity concerns. Across the estimated models,
UNESCO designation, biosphere reserve status, workforce size, salary expenditures, and legal enforcement were
statistically significant predictors of rhinoceros population outcomes (p < .001). Time and patrolling effort were
also statistically significant predictors, although at a slightly lower significance level (p < .01). These findings
highlight the associations between institutional protection measures, workforce capacity, law enforcement, and
long-term rhinoceros population outcomes.

Table 3. Descriptive statistics for variables used in the analysis

Variable Number of Observations Mean SD Max Min
Legal enforcement 108 16.676 22.130 113.000 0.000
Rhino population 108 8278 3.371 10.000  0.000
Patrolling 108 -0.254 0.848  0.749 -2.699
Workforce number 108 -0.201 0.136  0.075 -0.354
Workforce salary 108 -5.729 0.565 -4.611 -6.397
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Table 4. Regression analysis of rhino population density

Dependent variable:

Rhino Population Density (Log Transformed)

Control + Control + Control
Control +
Control + Control ~ + Workforce Workforce Workforce
Workforce Salary +
Control ~ + Workforce Workforce  Capacity + Numbers  + Numbers
Legal
Control Workforce  Capacity  + Capacity + Legal Legal Legal
Enforcement
Capacity Legal Patrolling ~ Enforcement + Enforcement Enforcement
+ Patrolling
Enforcement Efforts Patrolling + Patrolling +  Patrolling
Efforts
Efforts Efforts Efforts
1) (@) (3) 4) %) (6) ) ®)
0.633" -1.4327
UNESCO
(0.055) (0.105)
Biosphere -1.951™ -1.514™ -1.919™
Reserve (0.055) (0.062) (0.070)
Time -0.002 0.002 -0.003 0.003 -0.001 -0.002 -0.011™ -0.004
(0.002) (0.004) (0.003) (0.004) (0.004) (0.002) (0.004) (0.002)
Workforce 1.349™ 1.326™ 1392 1.388™ -0.455™
Salary (0.088) (0.082) (0.105) (0.097) (0.056)
Workforce 7.459™" 6.531"" 7.5917 6.704"" 1.625" 5.802""
Numbers (0.362) (0.400) (0.405) (0.426) 0.217) (0.401)
Legal 0.009™" 0.009™" 0.003 0.008™" 0.001
Enforcement (0.002) (0.002) (0.001) (0.002) (0.001)
Patrolling -0.010 -0.015 -0.026™ -0.003 -0.023"
Efforts (0.014) (0.013) (0.008) (0.013) (0.008)
Constant 3.239 4815 14.151 3.095 11.858 5.611 24.399" 5.265
(4.291) (7.063) (6.905) (7.452) (7.171) (4.761) (7.256) (4.629)
Observations 108 108 108 108 108 108 108 108
R? 0.928 0.805 0.834 0.806 0.837 0.929 0.827 0.933
Adjusted R 0.926 0.800 0.828 0.799 0.829 0.925 0.818 0.930
Residual  Std. 0.231 0.379 0.352 0.380 0.351 0.232 0.362 0.225
Error (df =104) (df=104) (df=103) (df=103) (df=102) (df=102) (df=102) (df =102)
444,495 143.421 129.727""  107.231""  104.403"" 266.398""  97.303™ 283.362""
F Statistic
(df=3;104) (df=3;104) (df=4;103) (df=4;103) (df=5;102) (df=5;102) (df=5;102) (df=5;102)

Note: "p<0.05, "p< 0.01, ™"p<0.001

5. Discussion

The empirical results indicate that workforce capacity, measured by the number of frontline staff and total
workforce salary, is significantly associated with wild rhino population outcomes. A sustained investment in
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forest personnel can strengthen rhino protection by increasing field presence, improving habitat and population
monitoring, and deterring illegal hunting. This finding is supported by Acharya et al. (2020), who found that
increased forest staff presence may reduce rhino poaching and support population recovery. Similarly, Moore et
al. (2018) found that increasing the number of rangers substantially reduced the likelihood of poaching-related
threats in areas where such threats were present.

Furthermore, these findings indicate that workforce capacity serves as a direct conservation intervention, rather
than merely an administrative resource. The presence forest staff can increase surveillance, discourage poachers,
support rapid response to threats, and improve monitoring of rhino populations and habitats. However,
consequences of insufficient workforce capacity in terms of salary support may be illustrated by Manas National
Park, where the Assam Forest Department’s withdrawal during the civil conflict from the mid-1980s to 2003
contributed to the local extinction of the greater one-horned rhino (A. Dutta, 2020). The conflict increased the
availability of arms within the park, intensifying commercial rhino poaching, bushmeat hunting, and local
encroachment, all of which undermined rhino conservation outcomes even in protected areas that are designated
as UNESCO World Heritage Sites and Biosphere Reserve (Dudley et al., 2002; Sahoo et al., 2013).

Our analysis indicates that legal enforcement, measured by the number of poachers arrested, is predictive of wild
rhino population outcomes. This finding suggests that enforcement actions may contribute to rhino protection by
increasing the risks and consequences associated with poaching. Although rhino poaching has declined in recent
years (Ellis & Talukdar, 2019), it has not been fully eliminated in Assam (Gogoi & Gogoi, 2022). For example,
in Kaziranga National Park, reported cases show that poaching incidents declined from 89 rhinos poached and 22
poachers arrested during 2015-2016 to 12 rhinos poached and one poacher arrested during 2019-2020 (Gogoi &
Gogoi, 2022). This decline suggests that legal enforcement, when combined with broader anti-poaching
management, can strengthen deterrence and improve rhino protection outcomes.

India’s legal framework provides an important institutional basis for these enforcement actions. During the study
period, the Indian Penal Code of 1860 and the Wildlife (Protection) Act of 1972 provided the legal framework
for penalizing wildlife-related offenses, including through fines and imprisonment. Such legal provisions support
the prosecution of offenders and may help deter illegal hunting. Evidence from other contexts in India also
suggests that stronger enforcement, including more frequent prosecutions, may be associated with measurable
reductions in poaching incidents (Chandewar, 2024). However, legal enforcement alone may not be sufficient.
Sustained rhino protection also requires investments in enforcement infrastructure, including anti-poaching
camps, trained personnel, and stakeholder engagement with local communities (Gogoi & Gogoi, 2022; S. Medhi
& Saikia, 2025). These findings indicate that legal enforcement is most effective when embedded within a
broader conservation strategy that combines prosecution, field presence, and community-based support for rhino
protection.

The empirical results further indicate that patrolling effort is a statistically significant predictor of wild
rhinoceros population outcomes. However, this association does not necessarily imply that increased patrolling
alone is sufficient to enhance rhinoceros protection. Rather, the effectiveness of patrol activities may depend on
their strategic deployment, systematic monitoring, and coordination with broader law enforcement measures. In
Assam’s national parks, frontline forest personnel conduct foot patrols during both daytime and nighttime,
typically in pairs and equipped with firearms, radios, compasses, and protective gear (Gogoi & Gogoi, 2022;
WWF-India, 2021). Despite these efforts, Vigne and Martin (1994) observed that poachers were rarely
apprehended within national parks, raising questions about the effectiveness of conventional foot patrols in
detecting and preventing illegal activities.

The negative predictive effect of foot patrolling may also reflect the methods used in rhino poaching. While
homemade traps such as snares are used in parts of South Asia, they are more commonly associated with small
mammal poaching rather than rhino poaching in Assam (Gogoi & Gogoi, 2022; Sethi, 2022; Wong & Lemicux,
2021). In Assam, the primary methods of rhino poaching include shooting, pit poaching, electrocution, and
poisoning (Gogoi & Gogoi, 2022). These methods may be difficult to detect through routine patrol presence
alone, particularly when patrols are not guided by spatial intelligence on poaching risk.

For patrolling to achieve stronger conservation outcomes, patrol efforts should prioritize identifying poaching
hotspots and concentrating enforcement resources in these high-risk areas (Hotte et al., 2016; Moreto &
Matusiak, 2017). Expanding the use of GIS-based monitoring systems, such as M-STrIPES in every protected
area, could improve the effectiveness of patrols by recording the location of poaching incidents, identifying
recurring threat patterns, and supporting more targeted deployment of frontline staff (WCS Thailand, 2022).
Therefore, while patrolling remains an important anti-poaching action, its contribution to rhino population
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protection may depend less on the total distance covered by foot patrol, and more on the strategic use of spatial
monitoring, intelligence-led enforcement with coordination from legal enforcement and workforce capacity.

The findings from Assam highlight the importance of workforce capacity, legal enforcement, and patrolling
efforts in supporting greater one-horned rhino conservation. Rather than relying only on broad conservation
strategies, effective rhino protection depends on sustained institutional capacity, adequate frontline personnel,
and the consistent implementation of wildlife protection laws. These elements help translate conservation policy
into practice by strengthening field-level protection, improving monitoring, and increasing accountability for
poaching-related offenses. For rhino conservation more broadly, the Assam case suggests that long-term
population recovery requires not only protected-area designation and policy commitments, but also the human
and institutional capacity needed to implement conservation actions on the ground.

6. Conclusion

This study examined how workforce capacity, legal enforcement, and patrolling efforts are associated with
greater one-horned rhino population outcomes across national parks in Assam, India. The findings indicate that
conservation outcomes are closely associated with institutional and enforcement capacity, particularly frontline
staffing, salary support, and legal enforcement. These results suggest that sustained investment in personnel and
enforcement infrastructure is important for translating wildlife protection policies into effective conservation
practice.

The analysis also suggests that patrolling effectiveness should not be assessed solely by the distance covered.
Rather, its contribution appears to depend on how strategically patrols are deployed and how effectively they are
integrated with adequate staffing, monitoring systems, spatial intelligence, and legal enforcement. This points to
the importance of a coordinated anti-poaching strategy in which field presence, enforcement authority, and
monitoring capacity reinforce one another.

More broadly, the findings underscore that long-term rhino conservation depends not only on formal
protected-area designation and wildlife protection laws, but also on the institutional capacity to implement those
protections on the ground. Adequately supported frontline personnel, consistent enforcement, and targeted
monitoring of poaching risks are therefore central components of effective conservation management. The
Assam case provides practical insights for strengthening greater one-horned rhino conservation and may also
inform anti-poaching strategies for other threatened wildlife populations facing similar enforcement and
institutional challenges.

References

Acharya, K. P., Thapa, R. K., Kuwar, K. J., Thapalia, B. P., & Paudel, P. K. (2020). Policy and management
actions that resulted in curbing rhinoceros poaching. Journal of Applied Ecology, 57(8), 1452—1458.
https://doi.org/10.1111/1365-2664.13692

Assam Project on Forest and Biodiversity Conservation. (2018). Evaluation of Assam Project on Forest and
Biodiversity Conservation (APFBC) followed by Drafting of Phase II of the Project. Retrieved from
http://www.Evaluation-Report-APFBC%20Nov%202018.pdf

Chandewar, N. G. (2024). Uncovering wildlife trafficking, poaching methods and law enforcement strategies in
vidarbha region of central India: A comprehensive analysis. International Journal of Criminal, Common
and Statutory Law, 4(2), 51-59. https://doi.org/10.22271/27899497.2024 .v4.i2a.93

CITES CoP19, 75. (2021, November). RHINOCEROSES. CITES. Retrieved from
https://cites.org/sites/default/files/documents/E-CoP19-75.pdf#35

Dang Vu, H. N., & Nielsen, M. R. (2018). Understanding utilitarian and hedonic values determining the demand
for rhino horn in  Vietnam. Human  Dimensions of  Wildlife, 23(5), 417-432.
https://doi.org/10.1080/10871209.2018.1449038

Dudley, J. P., Ginsberg, J. R., Plumptre, A. J., Hart, J. A., & Campos, L. C. (2002). Effects of War and Civil
Strife  on  Wildlife and  Wildlife  Habitats.  Conservation  Biology, 16(2), 319-329.
https://doi.org/10.1046/j.1523-1739.2002.00306.x

Dutta, A. (2020). Forest becomes frontline: Conservation and counter-insurgency in a space of violent conflict in
Assam, Northeast India. Political Geography, 77, 102117. https://doi.org/10.1016/j.polge0.2019.102117

Dutta, D. K., Bora, P. J.,, Sharma, R., Sarmah, A., Sharma, A., Kumar, J., Dekaraja, K. S., Saikia, R. B., &
Halliday, A. (2021). Greater one-horned rhino (Rhinoceros unicornis) behaviour during high floods at
Kaziranga National Park and the Burhachapori Wildlife Sanctuary, Assam, India. Pachyderm, 62, 63-73.

127



par.ccsenet.org Public Administration Research Vol. 15, No. 2; 2026

Ellis, S., &  Talukdar, B. (2019).  Rhinoceros  unicornis.  IUCN.  Retrieved  from
https://dx.doi.org/10.2305/ITUCN.UK.2019-3.RLTS.T19496A18494149.en.

Gait, E. A. (1926). History of assam. (Second Ed). Thacker, Spink & Co.

Gogoi, D., & Gogoi, B. (2022). Endangering the Endangered: The Poaching and Conservation Conundrum
Facing the Greater Indian One-Horned Rhinoceros in Kaziranga National Park, Assam, India. Journal of
International Wildlife Law & Policy, 1-17. https://doi.org/10.1080/13880292.2022.2124609

Government of Assam--Environment and Forest. (2025). National Parks. National Park | Environment & Forest |
Government of Assam, India. Retrieved from
https://environmentandforest.assam.gov.in/information-services/national-park

Haas, T. C., & Ferreira, S. M. (2016). Combating Rhino Horn Trafficking: The Need to Disrupt Criminal
Networks. PLOS ONE, 11(11), e0167040. https://doi.org/10.1371/journal.pone.0167040

Hira, B. (2022). Whether is flood doom or boon for Kaziranga National Park of Assam, India. J Geogr Environ
Earth Sci Int, 26(4), 36-49.
Hoppe-Dominik, B., Kiihl, H. S., Radl, G., & Fischer, F. (2011). Long-term monitoring of large rainforest

mammals in the biosphere reserve of Tai National Park, Cote d’Ivoire. African Journal of Ecology, 49(4),
450-458.

Hotte, M. H. H., Kolodin, I. A., Bereznuk, S. L., Slaght, J. C., Kerley, L. L., Soutyrina, S. V., Salkina, 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. Integrative
Zoology, 11(1), 2—15. https://doi.org/10.1111/1749-4877.12168

Jachmann, H. (2008). Monitoring law-enforcement performance in nine protected areas in Ghana. Biological
Conservation, 141(1), 89-99.

Jhala, H. Y., Qureshi, Q., Jhala, Y. V., & Black, S. A. (2021). Feasibility of reintroducing grassland
megaherbivores, the greater one-horned rhinoceros, and swamp buffalo within their historic global range.
Scientific Reports, 11(1), 4469. https://doi.org/10.1038/s41598-021-83174-4

Laurie, A. (1982). Behavioural ecology of the Greater one-horned rhinoceros (Rhinoceros unicornis). Journal of
Zoology, 196(3), 307-341. https://doi.org/10.1111/j.1469-7998.1982.tb03506.x

Lotter, W., & Clark, K. (2014). Community involvement and joint operations aid effective anti-poaching in
Tanzania. Parks, 20(1), 19-28.

Medhi, A., & Saha, A. K. (2014). Land cover change and rhino habitat mapping of Kaziranga National Park,
Assam. Climate Change and Biodiversity: Proceedings of IGU Rohtak Conference, Vol. 1, 125-138.

Medhi, S., & Saikia, M. K. (2025). Alert distance as a measure of tolerance and effect of human intervention on
the behaviour of Rhinoceros unicornis in Kaziranga National Park. Scientific Reports, 15(1), 32366.
https://doi.org/10.1038/s41598-025-01484-3

Moore, J. F., Mulindahabi, F., Masozera, M. K., Nichols, J. D., Hines, J. E., Turikunkiko, E., & Oli, M. K. (2018).
Are ranger patrols effective in reducing poaching-related threats within protected areas? Journal of Applied
Ecology, 55(1), 99-107. https://doi.org/10.1111/1365-2664.12965

Moreto, W. D., & Matusiak, M. C. (2017). “We fight against wrong doers”: Law enforcement rangers’ roles,
responsibilities, and patrol operations in Uganda. Deviant Behavior, 38(4), 426—447.

National Tiger Conservation Authority. (2025). Project Tiger. https://ntca.gov.in/tiger-reserves/#tiger-reserves-2

Sahoo, S., Puyravaud, J.-P., & Davidar, P. (2013). Local Knowledge Suggests Significant Wildlife Decline and
Forest Loss in Insurgent Affected Similipal Tiger Reserve, India. Tropical Conservation Science, 6(2), 230—
240. https://doi.org/10.1177/194008291300600205

Saikia, A. (2011). Forests and ecological history of Assam, 1826—2000. Oxford University Press.

Sarma, P., Talukdar, B., Sarma, K., & Barua, M. (2009). Assessment of habitat change and threats to the greater
one-horned rhino (Rhinoceros unicornis) in Pabitora Wildlife Sanctuary, Assam, using multi-temporal
satellite data. Pachyderm, 46, 18-24.

Save the Rhino. (2026). Global Rhino Population. Retrieved from
https://www.savetherhino.org/rhino-info/population-figures/?cn-reloaded=1

128



par.ccsenet.org Public Administration Research Vol. 15, No. 2; 2026

Sethi, S. (2022). Insights into illegal wildlife hunting by forest guards of selected tiger reserves in Central India.
European Journal of Wildlife Research, 65(1), 4. https://doi.org/10.1007/s10344-021-01553-8

Subedi, N., Lamichhane, B. R., Amin, R., Jnawali, S. R., & Jhala, Y. V. (2017). Demography and viability of the

largest population of greater one-horned rhinoceros in Nepal. Global Ecology and Conservation, 12, 241—
252. https://doi.org/10.1016/j.gecco.2017.11.008

Talukdar, B. K. (2003). Importance of anti-poaching measures towards successful conservation and protection of
rhinos and elephants, north-eastern India. Pachyderm, 34, 59—65.

Thukral, S., Thambi, R., Bhati, R., Gupta, A., & Durve, N. C. (2025). A Review-Biodiversity Conservation
Efforts in India and Connection to Climate Change. Ecology, Environment & Conservation (0971765X), 31.
United Nations Office of Drug and Crime. (2022). World Wildlife Crime Report: Trafficking in protected species.
UNODC. Retrieved from
https://www.unodc.org/documents/data-and-analysis/wildlife/2020/World Wildlife Report 2020 9July.pdf

Vigne, L., & Martin, E. B. (1994). The greater one-horned rhino of Assam is threatened by poachers. Pachyderm,
18,28-43.

WCS Thailand. (2022). Dynamic Occupancy of Wild Asian Elephant: A Case Study Based On the SMART
Database from the Western Forest Complex in Thailand. Environment and Natural Resources Journal,
20(3), 1-13. https://doi.org/10.32526/ennrj/20/202200005

Wong, R. W. Y., & Lemieux, A. M. (2021). Poaching of Domestic Protected Species in China: Using Legal
Cases to Understand the Poaching of Wild Boars. Deviant Behavior, 42(6), 792-806.
https://doi.org/10.1080/01639625.2021.1929570

World Wildlife Fund for Nature. (2018). LIFE ON THE FRONTLINE 2018 A global survey of the working
conditions of rangers. Retrieved from
http://d2ouvy59p0dgok.cloudfront.net/downloads/wwf rangers survey report 181005 hires page 2.pdf

WWF-India. (2021). Caretakers of Conservation. Recognizing the Efforts of Forest Frontline Workers as

Caretakers of Conservation. Retrieved from
https://www.wwfindia.org/?20222/Recognizing-the-efforts-of-forest-frontline-workers-as-caretakers-of-con
servation

Author Statements
Author(s) declared the statement below:
Acknowledgments

We gratefully acknowledge Dr. Thomas E. Lovejoy and Dr. Lee M. Talbot for their support during the early
stages of this research. We especially honour Dr. Talbot’s legacy and his significant contributions to the
conservation of the greater one-horned rhino. We also extend our sincere appreciation to the Principal Chief
Conservator of Forests and Head of Forest Force (PCCF/HoFF) in Assam, and Gauhati University for their
continued support, resources, and guidance.

Author Contributions

Conceptualization: Dr. Sudha Balajapalli, https://orcid.org/0009-0008-6698-3085, Dr. Younsung Kim,
https://orcid.org/0000-0002-7498-9865

Methodology: Dr. Sudha Balajapalli https://orcid.org/0009-0008-6698-3085, Dr. Younsung Kim,
https://orcid.org/0000-0002-7498-9865

Formal analysis: Dr. Sudha Balajapalli https://orcid.org/0009-0008-6698-3085, Dr. Younsung Kim,
https://orcid.org/0000-0002-7498-9865

Writing — original draft: Dr. Sudha Balajapalli, https://orcid.org/0009-0008-6698-3085, Dr. Younsung Kim,
https://orcid.org/0009-0008-6698-3085

Writing — review & editing: Dr. Sudha, Balajapalli, https://orcid.org/0009-0008-6698-3085,

Dr. Younsung Kim, https://orcid.org/0000-0002-7498-9865, Dr. Prasanta Kumar Saikia

Supervision: Dr. Younsung Kim, https://orcid.org/0000-0002-7498-9865

129



par.ccsenet.org Public Administration Research Vol. 15, No. 2; 2026

Consent for Publication

All authors have read and approved the published version of the manuscript.
Funding

This research received no external funding.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.

Informed Consent

Not applicable.

Ethics Approval

This article does not require ethical approval.
Data Availability Statement

Restricted: The datasets generated and/or analyzed during the current study are not publicly available due to
legal restrictions, but are available from the corresponding author upon reasonable request and with permission
from the the Principal Chief Conservator of Forests and Head of Forest Force (PCCF/HoFF) of Assam, where
applicable.

Use of Artificial Intelligence

The authors declare that no generative artificial intelligence (AI) tools were used in the conception, design,
analysis, interpretation, or writing of this manuscript.

Supplementary Materials

No supplementary materials are available.

Journal Information

The Editorial Board declared the below statement on behalf of the journal and publisher.

Ethics Statement

The journal’s policies adhere to the Core Practices established by the Committee on Publication Ethics (COPE).
Preservation Policy

This journal is archived by Library and Archives Canada (LAC).

Open Access

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CC BY 4.0). Please find details at https://creativecommons.org/licenses/by/4.0.

Copyright © The Author(s)

Copyright remains with the author(s). The author(s) grant the journal the right of first publication, and the article
is published under the terms of the Creative Commons Attribution (CC BY 4.0) License.

130



