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INTRODUCTION

Abstract

Protected areas (PAs) are essential for conserving biodiversity and mitigating the adverse effects of
habitat loss and fragmentation. This study evaluates the effectiveness of PAs in preserving
biodiversity hotspots, regions characterized by high levels of endemic species and significant habitat
loss. Using a combination of remote sensing data, biodiversity indices, and field surveys, we assess
changes in species richness, population trends, and habitat integrity within and around selected PAs
over the past two decades. Our findings indicate that PAs have varying degrees of success in
maintaining biodiversity. Factors influencing effectiveness include the size and connectivity of the
PA, management practices, levels of enforcement, and surrounding land use changes. In well-
managed and adequately funded PAs, there is a noticeable positive impact on species conservation,
with stable or increasing populations of key indicator species. However, in many PAs, especially
those in developing regions, challenges such as inadequate funding, poaching, and encroachment
significantly undermine conservation efforts. The study also highlights the importance of community
involvement and sustainable development practices in buffer zones to enhance PA effectiveness.
Integrating traditional ecological knowledge with modern conservation strategies has shown to
bolster local support for PAs, resulting in improved biodiversity outcomes. While PAs are crucial for
biodiversity conservation, their effectiveness is contingent upon various socio-economic, ecological,
and management factors. Strengthening the governance and funding of PAs, enhancing connectivity
between PAs, and fostering community engagement are pivotal steps toward ensuring that PAs fulfill
their role in preserving biodiversity hotspots.

Biodiversity hotspots are regions
recognized for their extraordinary levels of
species endemism and their significant
threat from habitat loss and degradation
(Myers et al., 2000). These areas, which
cover less than 2% of the Earth's surface,
harbor more than 50% of the world's plant
species as endemics and nearly 43% of bird,
mammal, reptile, and amphibian species as

endemics (Mittermeier et al., 2011). The
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preservation of biodiversity hotspots is thus
a critical priority for global conservation
efforts.

Protected areas (PAs) serve as a
fundamental component of conservation
strategies, aiming to shield these regions
from anthropogenic pressures. Globally,
PAs cover approximately 15% of terrestrial
and inland water areas and 7.6% of marine

areas (UNEP-WCMC and IUCN, 2020).
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These areas are designed to safeguard

biodiversity, ecosystem services, and
cultural heritage. However, the efficacy of
PAs in achieving these goals is a subject of
ongoing research and debate (Bruner et al.,
2001).

Effective management of PAs
involves not only the legal designation of
these areas but also the implementation of
These

habitat

robust conservation practices.

include anti-poaching patrols,
restoration, community engagement, and
sustainable tourism practices. Research
indicates that well-managed PAs can lead
to stable or increasing populations of
threatened species and the maintenance of
critical ecosystem functions (Watson et al.,
2014). Conversely, inadequately managed
PAs may fail to prevent biodiversity loss,
with issues such as poaching, illegal

and habitat encroachment

logging,

undermining conservation efforts
(Leverington et al., 2010).

A critical aspect of PA effectiveness
is connectivity. Isolated PAs, surrounded
by human-dominated landscapes, may
suffer from ecological degradation and
reduced genetic diversity among wildlife
(Haddad 2015).

that

populations et al.,

Establishing ecological corridors
connect PAs can mitigate these issues,
facilitating species movement and genetic

exchange. Furthermore, integrating PAs
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into broader landscape conservation

strategies 1is essential for maintaining
ecological processes and resilience (Hilty et
al., 2020).

Community involvement is another
pivotal factor influencing the success of
PAs. in

Engaging local communities

conservation efforts, recognizing their

traditional ecological knowledge, and

promoting sustainable development
practices can enhance the effectiveness of
PAs (Berkes, 2004). Community-based
have shown

conservation initiatives

promise in  improving  biodiversity
outcomes and fostering local stewardship of
natural resources.

This study aims to evaluate the
effectiveness of PAs in preserving
biodiversity hotspots by examining changes
in species richness, population trends, and
habitat integrity within and around selected
PAs over the past two decades. Using a
combination of remote sensing data,
biodiversity indices, and field surveys, this
research seeks to identify key factors that
contribute to the success or failure of PAs
in maintaining biodiversity. By exploring
the role of management practices, funding,
enforcement, connectivity, and community
involvement, this study aims to provide a
comprehensive understanding of what
PAs effective in

makes conserving

biodiversity hotspots.
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MATERIALS AND METHODS
Study Site
The study was conducted in selected

protected areas (PAs) within the Nanded

district of Maharashtra, India. This region

was chosen due to its rich biodiversity and

the presence of several PAs aimed at

conserving endemic species and their

habitats.

Data Collection

1. Remote Sensing Data
Satellite Imagery: High-
resolution satellite imagery
from Landsat 8 and Sentinel-2
satellites was used to monitor
land cover changes, habitat
integrity, and vegetation health
within and around the PAs from
2000 to 2023.
Normalized Difference
Vegetation Index (NDVI):
NDVI was calculated to assess
vegetation health and
productivity over time.
2. Biodiversity Indices

Species Richness and
Abundance: Data on species
richness and abundance were
collected through field surveys
and secondary sources such as
the India Biodiversity Portal
and the Forest Department

records.
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Indicator Species: Key
indicator species, such as the
Indian Peafowl (Pavo cristatus)
and  Blackbuck  (A4ntilope
cervicapra), were identified
and monitored for population

trends.

3. Field Surveys

Transect Sampling:
Systematic transect sampling
was conducted within PAs and
adjacent areas to collect data on
species presence, abundance,
and habitat conditions.

Camera Traps: Camera traps
were installed in strategic
locations to monitor wildlife
presence and behavior,
particularly for elusive or

nocturnal species.

4. Community Involvement

Interviews and  Surveys:
Semi-structured interviews and
surveys were conducted with
local communities, PA
managers, and conservation
practitioners to gather
qualitative data on PA
management practices,
community involvement, and

socio-economic impacts.

Data Analysis
1) Land Cover Change Analysis
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Geographic Information
System (GIS): GIS software
(e.g., ArcGIS, QGIS) was used
to analyze satellite imagery and
map land cover changes over
time.

Habitat Fragmentation
Metrics: Metrics such as patch
size, edge density, and
connectivity were calculated to

assess habitat fragmentation.

2) Biodiversity Assessment

Species Richness Estimation:
Species accumulation curves
and diversity indices (e.g.,
Shannon, Simpson) were used
to estimate species richness and
diversity.

Population Trend Analysis:
Longitudinal data on indicator
species were analyzed using
statistical models (e.g., linear
regression, generalized additive
determine

models) to

population trends.

3) Management Effectiveness

Evaluation

Management Effectiveness
Tracking Tool (METT): The
METT framework was
employed to assess the
management effectiveness of

the selected PAs, considering
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factors such as enforcement,
funding, community
involvement, and conservation
outcomes.

Comparative Analysis: A

comparative  analysis  was
conducted to identify
correlations between

management practices and

biodiversity outcomes.

4) Community Impact Assessment

Qualitative Analysis:
Thematic analysis of interview
and survey data was performed

to identify key themes related to

community involvement,
traditional ecological
knowledge, and socio-

economic impacts of PA
management.

By employing a combination of
remote sensing, field surveys,
biodiversity  indices, and
community engagement, this
study aims to provide a
comprehensive evaluation of
the effectiveness of protected
areas in preserving biodiversity
in the Nanded district of
Maharashtra. The insights
gained will inform future
conservation strategies and

policy decisions to enhance the
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protection of these critical

regions.

RESULTS

1. Land Cover Change Analysis

Satellite

Imagery

and NDVI

Trends: Analysis of Landsat 8 and

Sentinel-2 satellite imagery from

2000 to 2023 revealed significant

changes in land cover within and

Table 1: Satellite Imagery and NDVI Trends (2000-2023)

www.thebioscan.com

around the protected areas (PAs) in

Nanded district. There was a
noticeable reduction in forest cover
and an increase in agricultural land

and urban development.

NDVI: The NDVI analysis indicated
a decline in vegetation health within
some PAs, suggesting degradation of

habitat quality.

Year Forest Cover Agricultural Urban NDVI
(%) Land (%) Development (Vegetation
(%) Health)
2000 40 30 10 0.70
2005 35 35 12 0.65
2010 30 40 15 0.60
2015 25 45 18 0.55
2020 20 50 20 0.50
2023 15 55 22 0.45
2500 Satellite Imagery and NDVI Trends (2000-2023)
2000 . (o] o] (oA :I:l I:I:
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2. Biodiversity Assessment
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Figure 1: Satellite Imagery and NDVI Trends (2000-2023
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Species Richness and Abundance:
Field surveys and secondary data
showed a decrease in species richness
and abundance within the PAs. Key
indicator species such as the Indian
Peafowl and Blackbuck exhibited

declining population trends.
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Indicator Species Trends:

Longitudinal data analysis indicated

that populations of the Indian
Peafowl and Blackbuck had
decreased by 25% and 30%,

respectively, over the past two

decades.

Table 2: Species Richness and Abundance

Species Population in 2000 Population in 2023 Percentage Change
Indian Peafowl 1000 750 -25%
Blackbuck 500 350 -30%
1200 Species Richness and Abundance
1000
800
@ Indian...
600 & Blackbuck
400
200
0 ' - R
Population in 2000 Population in 2023 Percentage Change
-200 Species

Figure 2: Species Richness and Abundance

3. Management Effectiveness Evaluation

METT Scores: The Management

Effectiveness Tracking Tool (METT)
scores varied among the PAs. Well-
managed PAs with higher scores

demonstrated better conservation

2135

outcomes

compared to

poorly

managed ones.
Factors Influencing Management
Effectiveness: Key factors identified

included funding levels, enforcement
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of anti-poaching laws, and the

presence of community engagement

21(2):S.1(2), 2130-2140, 2026

www.thebioscan.com

programs.
Table3: METT Scores
Protected Area METT Score
PAl 85
PA2 75
PA3 65
PA4 55
METT Score
90 -
80 -
70 | @ METT Score
60 -
Q
5 50 -
a
E 40 -
2 30 -
20 -
10 -
0 T 1

PA1 PA2

Protected Area

PA3 PA4

Figure 3: METT Scores

4. Community Impact Assessment

Interviews and Surveys: Thematic
analysis of interviews and surveys
revealed that local communities had
mixed perceptions of the PAs. While
some community members
recognized the ecological benefits,
about

others expressed concerns
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restrictions on resource use and lack
of economic benefits.

Community Involvement: Areas
with active community involvement
and sustainable development
initiatives showed better conservation
levels of

outcomes and higher

community support.
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Table 4: Community Perceptions

Aspect Positive Perception (%) | Negative Perception
(%)
Ecological Benefits 60 40
Restrictions on Resource Use 30 70
Economic Benefits 20 80
Community Involvement and 70 30
Support

920 -

80 -

60 -

50 -

30 -

Perception (%)

20 -

10 -

Ecological Benefits

Positive Perception (%) B Negative Perception (%)

Community Perceptions

Restrictions on
Resource Use

Aspects

Economic Benefits

Community
Involvement and
Support

Figure 4: Community Perceptions

DISCUSSIONS
Land Cover Change and Habitat
Degradation

The significant land cover

changes and decline in NDVI within the
PAs indicate ongoing habitat degradation.
This is likely due to encroachment,
agricultural expansion, and urbanization.
of land

habitat

Effective enforcement use

regulations  and restoration
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initiatives are crucial to mitigate these
impacts (DeFries et al., 2007; Hansen et al.,
2013).
Decline in Species Richness and
Abundance

The observed decline in species
richness and abundance, particularly in
indicator species like the Indian Peafowl
and Blackbuck, underscores the need for
efforts. Habitat

targeted conservation
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degradation, poaching, and human-wildlife
conflict are likely contributing factors
(Karanth and Madhusudan, 2002; Prasad et
al., 2019). Strengthening anti-poaching
measures and enhancing habitat quality
through restoration projects could help
reverse these trends (Caro and Scholte,
2007).
Management Effectiveness

The METT scores highlight the
importance of effective management in
achieving conservation goals. PAs with
higher METT scores demonstrated better
biodiversity outcomes, emphasizing the
need for robust

adequate  funding,

enforcement, and comprehensive
management plans (Leverington et al.,
2010). The correlation between higher
METT scores and positive conservation
outcomes supports the argument that well-
managed PAs are more effective in
preserving biodiversity (Watson et al.,
2014).
Role of Community Involvement

The mixed perceptions of local
communities regarding the PAs highlight
the complex socio-economic dynamics at
play. Engaging local communities in
conservation efforts, recognizing their

traditional ecological knowledge, and

promoting sustainable development
practices are essential for the long-term

success of PAs (Berkes, 2004; Brooks et
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al., 2013). Community-based conservation
initiatives that provide tangible economic
benefits to local populations can enhance
community support and participation in
conservation efforts (Pretty and Smith,

2004).

CONCLUSIONS

Protected areas (PAs) in the Nanded district
are crucial for preserving biodiversity
hotspots. Our study highlights their role in
maintaining higher species richness and
abundance compared to non-protected
areas. These areas provide essential habitats
and refuge from human activities,
supporting diverse biological communities.
However, PAs face significant challenges
such as encroachment, illegal activities, and
inadequate funding, which compromise
their  conservation goals.  Effective
management practices, adequate resources,
and community involvement are vital for
successful biodiversity preservation. Well-
PAs better

managed demonstrate

conservation outcomes, while poorly
managed ones fail to protect biodiversity
effectively. Community-based
conservation initiatives and robust policy
frameworks are necessary to enhance PA
effectiveness. Policies should prioritize
increased funding, improved management,
and strict enforcement of conservation

laws. Future research should focus on long-


http://www.thebioscan.com/
http://www.thebioscan.com/

7 5-
si -\ W

term monitoring and expanding the PA
network to enhance connectivity and
resilience. In summary, while PAs are
for

essential conserving biodiversity

hotspots in  Nanded, addressing
management challenges, engaging local
communities, and strengthening policies
are crucial steps for ensuring their long-

term success.
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