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Climate change has posed a threat to biodiversity, paving the way for the implementation 

of climate adaptation measures in protected areas. These strategies aim to enhance 

ecosystem resilience and safeguard biodiversity against the adverse effects of climate 

change. This paper evaluates the effectiveness of various climate adaptation measures 

applied in protected areas and their impact on biodiversity conservation. A comprehensive 

literature review is conducted to familiarize oneself with available adaptation strategies, 

their success, and the problems associated with their implementation. The study paper 

discusses differences in biodiversity levels in the chosen regions before and after the 

implementation of the climate adaptation approach, using data collection and analysis. The 

findings indicate that not all of these strategies yield the same outcome, and ecological 

peculiarities, management routines, and external pressure are key factors that modulate 

their outcomes. Besides, the research notes that problem-specific solutions should be 

offered based on the systems and species. It also describes how these strategies can be 

enhanced by engaging stakeholders and governing them. The paper also examines the 

implications for future biodiversity conservation and offers recommendations to improve 

the effectiveness of climate adaptation strategies. The paper concludes that these measures 

should be continuously monitored and reviewed to ensure the long-term protection of the 

biodiversity of the protected areas. 
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Introduction  

Strategies of climate adaptation are steps 

taken to help ecosystems and species survive a 

changing climate. These plans will help minimize 

the adverse effects of climate change on 

biodiversity, especially in protected areas, by 

providing shelter for the most endangered species 

Gillingham et al., 2024; Reginald, 2024; Zeng et 

al., 2022). Due to constant changes in weather 

patterns, extreme temperatures, and other effects 

of climate change, including rising precipitation, 

the need for these strategies has become even 

more urgent. The adaptability of the changing 

climate is endangering the existence of 

endangered species; therefore, there is a need to 

develop adaptation strategies to protect the areas 

of concern, which are mostly the remaining 

bastions of these species. These plans aim to 

promote ecological stability by conserving 

important habitats and species diversity and 

improving ecosystem functionality. Such 

strategies are even becoming necessary because 

climate change continues to influence 

environmental processes, and the risk of habitat 

loss is increasing (Rajan & Senthil, 2024).  

The ability of ecosystems to withstand the 

shock of climatic change is declining; therefore, 

conservation efforts need to be transformed to 

reduce the unprecedented pressures they face 

(Graham et al., 2021). Preservation to ensure 

biodiversity and ecosystem services, and to 

protect species facing challenges due to climate 

change, will all be under conservation (Carroll & 

Ray, 2021; Coldrey et al., 2022). The paper shall 

evaluate the effectiveness of these strategies for 

biodiversity conservation in protected areas, 

noting the opportunities and challenges of 

climate adaptation programs (Rodríguez-

Rodríguez & Martínez-Vega, 2022; Chen et al., 

2023; De Marco Jr et al., 2023). The efficacy of 

these strategies is also imperative for 

understanding future conservation priorities and 

enhancing the resilience of protected ecosystems 

(Zhang et al., 2023). 

Several approaches to climate adaptation have 

been proposed and applied in the preservation 

regions. The strategies include habitat 

restoration, the creation of ecocorridors, species 

translocation, and the manipulation of genetic 

diversity, among others. These strategies are 

intended to improve the health and sustainability 

of ecosystems and species, enabling them to 

adapt to changing environmental conditions. One 

of them is habitat restoration, which aims to undo 

habitat degradation and restore natural processes 

that support species (Condro et al., 2021). The 

ecological corridors also provide migratory 

routes for the species, helping them traverse 

fragmented habitats in response to changing 

climatic conditions. Species relocation involves 

transferring species to regions where they are 

better adapted to new climate conditions, and 

genetic diversity manipulation can enhance their 

adaptation to environmental stressors.  

Climate change has dire impacts on 

biodiversity, altering species distributions, the 

occurrence of ecological processes, and the 

functioning of ecosystems (Iyer & Verma, 2023; 

Hoveka et al., 2022). There is species 

displacement and changes in the productivity, 

composition, and resilience of the ecosystem. 

The disruptions have the potential to trigger a 



Journal of Animal Environment, Vol. 17, No. 3, Autumn 2025 

702 

wave of ecological effects, disrupting ecosystems 

and the services they deliver. Climate change is 

normally irreversible, so there is an urgent need 

to evaluate the efficacy of these adaptation 

processes in mitigating biodiversity loss (Singh 

& Joshi, 2025; Silvestro et al., 2022). Given that 

adaptation measures must be carefully tailored to 

a specific ecosystem, otherwise, they can 

overlook the real causes of species disappearance 

and have side effects. The effectiveness of these 

strategies would be determined by their ability to 

monitor and adjust to long-term environmental 

changes. 

Even though attempts have been made to 

adopt climate adaptation strategies, there remains 

a significant knowledge gap regarding their 

effectiveness (Tun et al., 2025). The literature has 

covered problems and the efficacy of adaptation 

strategies in specific regions. However, it has 

never explained how adaptation occurs in other 

ecosystems or how preservation is achieved. The 

absence of a global study of adaptation efforts to 

climate change prevents comparisons of results 

across different strategies within the same 

ecosystems. Furthermore, although in some areas 

of protection adaptations have been successful, 

the strategy's effectiveness can be situational and 

dependent on various factors. Local 

environmental conditions, management 

techniques, and external factors such as species 

invasions, pollution, and human intrusions can 

influence the efficacy of these strategies.  

Local factors, including soil structure, water 

supply, and other species, may affect the extent to 

which an ecosystem can cope with climate 

change (Nzegbule & Obiajunwa, 2025). Also 

crucial to the success of adaptation efforts are 

management practices, such as funding levels, 

political support, and local community 

participation. The effect of external forces, such 

as the intrusion of human activities into protected 

zones, can erode the effectiveness of the adopted 

adaptation; in other words, these issues must be 

addressed simultaneously with climate 

adaptation. The present paper seeks to fill this 

gap by analyzing how various climate adaptation 

tools in the field can be practical, the primary 

factors that define their effectiveness, and the 

implications for biodiversity conservation 

endeavors (Pettorelli et al., 2021). Through case 

studies across a wide range of ecosystems, this 

paper will identify common challenges and 

successes to inform more efficient approaches to 

climate adaptation. Knowledge of these factors 

will aid policymakers and conservationists in 

formulating more effective interventions that 

account for the specifics of each ecosystem and 

ensure the conservation of biodiversity 

worldwide (Agung et al., 2022). 

Key Contribution 

• The article presents a critical analysis of the 

efficiency of different climate change 

practices in preserving biodiversity in parks. 

• It identifies the factors that determine an 

effective adaptation strategy, such as 

ecological characteristics, bureaucratic 

protocols, and exogenous forces. 

• The paper provides practical solutions to 

enhance climate adaptation strategies and 

underscores the need to maintain ongoing 

monitoring and evaluation to promote 

biodiversity conservation in protected areas. 
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The paper will consider the effectiveness of 

climate adaptation interventions in protecting 

biodiversity, with reference to how they have 

helped address climate change. Section I outlines 

the concepts of climate adaptation strategies and 

biodiversity preservation, and presents the 

paper's aim. It will examine existing efforts to 

adapt to climate change, the effects of climate 

change on biodiversity, and prior research on the 

effectiveness of such efforts. Section II presents 

the study's methodology, including the selection 

of the study samples (protected areas), data 

collection procedures, and data analysis 

procedures to assess the effectiveness of 

adaptation strategies. In Section III, the analysis 

results, including the efficiency of different 

strategies, comparisons of biodiversity levels 

before and after the implementation of specific 

strategies, and key success factors, are provided. 

Section IV describes the implications of these 

findings for biodiversity conservation, provides 

recommendations for enhancing adaptation 

strategies, and outlines future research directions. 

Methodology 

Selection of Protected Areas for 

Evaluation 

A broad range of areas was selected to 

evaluate the effectiveness of climate adaptation 

strategies because they are ecologically relevant, 

vulnerable to climate change, and are addressed 

as adaptation measures. This has been done by 

selecting ecosystems across climatic regions, 

including forests, wetlands, and grasslands, to 

capture a wide range of climate change effects. 

The selection criteria may include biodiversity 

importance, the extent of exposure to climate 

threats (e.g., rising temperatures, changing 

precipitation patterns), and a history of 

adaptation measures. This was to ensure an even 

distribution of areas protected, with some 

exposed to varying climatic pressures and 

adopting varying adaptation strategies. 

 
Figure 1: Climate Adaptation Strategy Framework 

 

EVALUATING THE EFFECTIVENESS OF CLIMATE ADAPTATION STRATEGIES IN 

PROTECTING BIODIVERSITY IN PROTECTED AREAS 

(Long Impact Assessment & 

Strategy Design) 

Implementation of 

Climate Adaptation 

Strategies 

Long-Term Outcomes 

(1–5 Years After) 

Biodiversity Monitoring 

& Data Collection 

Short-Term Outcomes 

(Immediately After) 

Evaluation & Adaptive 

Management 

Long-Term  

Monitoring 

Ecosystem Resilience 

Genetic Diversity (+20%) 

Carbon Sequestration (8%) 

Sustainable Community Use 

Reduced Poaching Incidents 

Adaptation 

Feedback Loop 

Data Analysis & Trend 

Evaluation 

 

Statistical Effectiveness Report 

eDNA Sensing (NDVI) 

Effect Size Calculation 

Time-Series Analysis 

Funding Allocation 

Protected Area 

Vulnerability 

Assessment Data Analysis 

Short-Term Outcomes (Immediately 

After) 

 

Habitat Connectivity (+15%) 

Keystone Species Population 

(+5%) 

Reduced Poaching Incidents 

Threat Occurrence (–10%) 

Climate Projections 

Assessment 

Species Distribution Models 

Habitat Threat Mapping 

Socio-Economic Factors 



704 

The general plan of the climate adaptation 

strategies assessment system to protect the 

biodiversity of the protected areas is presented in 

Figure 1. It focuses on key procedures, such as 

vulnerability testing of the area under protection, 

and accommodates climatology forecasts, field 

distribution models, and other socio-economic 

factors. The short-term results and monitoring 

procedures are then used in the model to execute 

the adaptation techniques. The diagram in 

question clarifies why information should be 

collected on biodiversity, trend assessment, and 

adaptive management, as all of them will be 

crucial for assessing the sustainability of actions 

in the short and long term. The final aim of such 

a process is to generate beneficial feedback to 

inform future adaptation strategies that enhance 

ecosystem stability and biodiversity 

conservation. 

Data Collection Methods 

The quantitative and qualitative methods are 

included in the data collection process. 

Biodiversity measurements provide quantitative 

data used to monitor the population of the 

species, the condition of the habitat, and the well-

being of the ecosystem before and after the 

introduction of the measures to be adopted. The 

quantity and diversity of species are identified 

through the survey, and the health of the habitats 

is assessed using indicators such as vegetation 

cover and ecosystem integrity. Qualitative data 

regarding the strategies of adaptation followed, 

the management practices, and perceived 

challenges are collected in the interviews and 

discussions with the park managers, local 

stakeholders, and conservation practitioners. 

Other information, such as climate predictions 

and land-use changes, is added as well to provide 

context for the environmental conditions under 

which these regions operate. 

 

Figure 2: Global Network of Protected Areas and Climate Adaptation Strategy Assessment 
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Figure 2 presents a world map of the network 

of protected areas and an evaluation of the 

climate adaptation measures implemented in 

these territories. The map will depict the 

effectiveness of climate adaptation policies 

across the various areas of protection, using 

color-coded icons to indicate the approach's high, 

moderate, or low success. The Amazon 

Rainforest, the Great Barrier Reef, and the Great 

Plains are some of the prominent areas. The map 

is also a visual tool to comprehend which 

ecosystems were more successful in adapting to 

climate change with the help of the strategies, and 

which are threatened. By comparing these areas, 

the map also shows differences in success and 

how targeted interventions should be directed to 

improve conservation efforts in less-adaptive 

areas. 

Analysis of Data 

To analyze the data, both statistical and 

thematic analyses are used. The statistical 

analysis of quantitative data includes the changes 

in biodiversity with time, paired t-tests, 

regression analysis, and multivariate analysis in 

order to define the significant differences 

between the states of analysis before and after the 

application of the adaptation strategies. 

Differences in ecological types, management 

strategies, and external influences, such as 

species invasions or human activities, are also 

controlled for in the analysis. Interpretation and 

analysis of qualitative data through interviews 

and stakeholder feedback are coded and themed 

in order to get a sense of the perceived 

effectiveness of various adaptation strategies, the 

success barriers, and the social-ecological 

context in which such methods are implemented. 

The combination of the two types of data gives a 

comprehensive evaluation of the effectiveness of 

the processes and their effect on the conservation 

of biodiversity. 

Results 

Climate Adaptation Strategy 

Effectiveness 

The study findings indicate the different 

levels of effectiveness of the diverse strategies of 

climate adaptation measures that are in place in 

the sampled areas of protection. Conservation 

techniques like habitat rehabilitation, species 

translocation, and establishment of ecological 

corridors were identified to be more or less 

successful with regard to specific environmental 

circumstances and management approaches. The 

movement of species was also promoted by the 

presence of ecological corridors in regions where 

ecological corridors were created, which 

increased the genetic diversity and the capacity to 

resist climate stresses. Nonetheless, the success 

was not universal in those places where the 

relocation of species was undertaken, and some 

species could not adjust to the new environment. 

In general, one of the most successful measures 

was habitat restoration, particularly in those 

regions where human activity was limited, and 

nature left the natural processes to reclaim their 

course. 
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Table 1: Climate Adaptation Strategies 

Adaptation 

Strategy 

Protected Areas 

Evaluated 

Impact on Biodiversity Effectiveness 

Rating (1-5) 

Habitat 

Restoration 

Forests, Wetlands Increased species richness and 

habitat quality 

4 

Species Relocation Grasslands, 

Wetlands 

Mixed results, some species failed 

to adapt 

2 

Ecological 

Corridors 

Forests, 

Grasslands 

Improved species movement and 

genetic diversity 

5 

Invasive Species 

Removal 

Forests, Wetlands Increased native species 

abundance 

4 

Controlled Burns Forests Increased plant diversity, 

improved ecosystem function 

3 

 

Table 1 gives a summary of the various 

climate adaptation strategies used in the different 

types of protected areas and their effectiveness on 

the basis of biodiversity outcomes. Some of the 

strategies that have been reviewed are habitat 

restoration, species translocation, ecological 

corridors, eradication of invasive species, and 

controlled burns. The table contains the names of 

the specific areas that were under protection and 

the strategy that was applied, the measured effect 

on biodiversity (richness of species, abundance 

of species, and quality of habitats), and a rating 

of the effectiveness of the strategy between 1 and 

5. A high effectiveness rating of 5 has been 

assigned to the relevant rating, and high positive 

effects on the biodiversity were noted, whereas a 

rating of 1 implies that there were low or no 

effects. The given table will assist in comparing 

and contrasting the relative performance of each 

of the adaptation strategies and provide us with 

information on which strategies have worked 

better in improving the biodiversity resilience of 

the protected areas. 

Biodiversity Levels  

The level of biodiversity prior to and after the 

application of climate adaptation strategies had 

both positive and neutral results. The 

improvement in the richness and abundance of 

the species was significantly observed in most of 

the cases, especially in the protected areas where 

there was an implementation of adaptive 

management strategies like controlled burns, 

eradication of invasive species, and restoration of 

vegetation cover. As an illustration, restoration of 

native plant species in forested protected regions 

resulted in the reappearance of important 

pollinators and herbivores, which, in turn, 

sustained a broader biodiversity range. 

Nevertheless, there are regions where 

biodiversity remained the same or had slight 

improvement, which proved that climate 

adaptation measures were not enough to address 

all difficulties. 

Figure 3 demonstrates how the biodiversity 

indices vary in different protected areas prior to 

the implementation of the climate adaptation 

strategies and after the implementation of the 

latter. Data points reflect the levels of 

biodiversity at three time intervals, i.e., before the 

implementation (blue solid line), at the 

implementation (green dashed line), and one year 

after the implementation (red dotted line). The 

graph demonstrates the overall improvement in 
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biodiversity in most of the areas where the 

strategies have been implemented, with specific 

regions exhibiting a long-term positive growth 

even after a year of the strategy having been 

implemented. The trends indicate the ways in 

which various ecosystems like forests, wetlands, 

and savannahs react to climate adaptation 

processes with time. The visual comparison 

points to the significance of the situation-based 

approach, as some places had witnessed the 

instant positive effect, whereas others 

experienced the gradual positive result. 

 

Figure 3: Biodiversity Trends Before and After Climate Adaptation Strategies 

The Major Success Determinants 

A number of important factors were detected 

to be the determinants of climate adaptation 

strategy success. The ecological factors, 

including the habitat type, sensitivity of the 

species to climate change, and fragmentation of 

the ecosystem, were found to be significant 

factors in the success of adaptation measures. 

More ecologically connected areas and intact 

ecosystems were more effective in putting in 

place adaptation strategies than the fragmented or 

degraded habitats. Also, the management 

practices that were identified to contribute to the 

success of climate adaptation strategies include 

adaptive monitoring, stakeholder involvement, 

and resource availability. Outside forces such as 

illegal poaching, tourism, and pollution were also 

cited as a serious source of hindrance to success, 

particularly where the capacity to enforce is low. 

The concept of local communities being 

incorporated in decision-making and adaptive 

management also became one of the 

determinants of the positive outcomes of the 

adaptation strategies. 

Discussion 

The results of this paper highlight the 

importance of the climate adaptation approach in 

the preservation of biodiversity, particularly in 

artificial reserves. There are other types of 

strategies, such as restoration of habitats and 

ecological corridors, which have been found to 

have a positive effect on biodiversity and help to 

increase the abundance of species and their 

population stability. These findings indicate how 
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well-managed protected areas can conserve 

biodiversity, despite the fluctuating climatic 

conditions. Nevertheless, the research also shows 

that the effectiveness of such strategies strongly 

depends on the context of the particular area of 

protection. The level of habitat fragmentation, 

the level of external pressure (poaching, 

tourism), the nature of the ecosystem, and so on, 

are all factors that can affect the effectiveness of 

the strategies. The restoration of habitats, as an 

example, was very effective in forested regions 

but with little success in more degraded 

ecosystems. It implies that despite the necessity 

of climate adaptation strategies, they should be 

specific to the ecological and socio-economic 

circumstances of the given area so that they can 

be maximally effective. 

In coming up with climate adaptation 

strategies, one should consider a more holistic 

approach, which involves ecological, social, and 

management aspects to enhance the success of 

the climate adaptation strategies. The 

improvement of environmental connectivity is 

one of the essential aspects. Creation and 

preservation of ecological corridors between 

small habitats can support the environmental 

exchange of species and enhance the genetic 

diversity, enabling ecosystems to be less 

susceptible to climate change. It is also essential 

to monitor the biodiversity and climatic 

conditions continuously. This will allow them to 

manage it in an adaptive way, whereby, 

depending on changes and new climate data, 

strategies can be changed on the fly. Additionally, 

these strategies require the participation of local 

communities in order to be successful in the long 

run. With the local communities being 

proactively involved in the management and 

protection of the protected areas, conservation is 

more likely to achieve success since those 

communities usually have some helpful 

information and are generally interested in the 

state of the environment around them. Besides, 

risks can be mitigated by creating early warning 

mechanisms of threats posed by climate, e.g., 

extreme weather patterns or the spread of 

invasive species, before the situation 

deteriorates. There can be a lot of adverse effects 

on biodiversity reduced by an early intervention. 

In the future, one needs to focus on 

conducting more studies on the long-term 

impacts of climate adaptation measures in 

conserved locations. Long-term monitoring 

studies will also play a decisive role in 

establishing whether the changes in biodiversity 

that will be realized following the adoption of the 

adaptation strategies will be maintained over 

time or whether additional interventions will be 

necessary. More comparative studies in different 

ecosystems are also required to determine which 

methods are most universally effective and those 

that require adaptation to particular 

environmental conditions. Climate models 

should also be combined with conservation 

planning to be done in future research. 

Conservationists will be able to act in advance 

and respond to changes in the environment by 

predicting the effects of climate change in the 

future. Also, more in-depth knowledge about the 

social-ecological processes of the protected 

regions is required. This would involve research 

into the influence of human activities and other 
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socio-political elements of climatic adaptation, 

like governance and involvement of the 

community. Lastly, it is essential to assess the 

cost-effectiveness of various measures of 

adaptation. Cost-benefit analysis will make sure 

that conservation resources are deployed in the 

most efficient and effective way that will 

maximize the impact of each strategy. 

Conclusion 

This paper has assessed the efficacy of 

climate adaptation measures in the preservation 

of biodiversity in the conserved zones, and it was 

found that, although such measures tend to 

improve biodiversity, their effectiveness in 

conservation differs among ecosystems. Habitat 

restoration, ecological corridors, and species 

relocation were some of these strategies that 

showed positive effects, especially in areas that 

had fewer external demands, such as poaching 

and over-tourism. Nevertheless, habitat 

fragmentation, ecological aspects, and the 

severity of management activities played an 

essential role in the results. These results 

highlight the need to adopt context-specific 

approaches and strategies that would meet the 

individual needs of every protected region. 

Moreover, the strategy must be adjusted 

whenever the needs of climate change occur, 

which needs to be monitored and evaluated. 

Constant monitoring is used to make sure that the 

efforts of adaptation are sensitive to the current 

environmental conditions and that new problems 

are identified and the strategies are adjusted to 

them in a timely manner. Along with monitoring, 

community participation is essential to the 

success of these strategies in the long run, as in 

most cases, local stakeholders can help 

significantly in the minimization of threats and 

preservation of ecosystem health. Climate 

management is not a quick fix answer, but a 

continuous task that requires institutions to be 

flexible and resilient in conservation thinking 

preparation. The subsequent research should be 

on the sustainability of these approaches in the 

long run, where the objective would be to 

examine both how effective they would be in the 

long term and in different ecosystems. Also, 

comparative research that can assess the 

adaptation strategies under various climatic 

conditions will be helpful in offering insights into 

the universally effective methods. Finally, 

scientific research, adaptive management, and 

community engagement will need to be 

integrated to enable conservation of biodiversity 

in the long run in the context of climate change, 

and ensure that the protected areas persist as an 

effective refuge for threatened species. 

References 

[1] Agung, Muh Firdaus, Dedi Supriadi 

Adhuri, Sebastian CA Ferse, Ita Sualia, 

Dominic A. Andradi-Brown, Stuart J. 

Campbell, Mohamad Iqbal et al. "Marine 

conservation beyond MPAs: Towards the 

recognition of other effective area-based 

conservation measures (OECMs) in 

Indonesia." Marine Policy 137 (2022): 

104939. 

https://doi.org/10.1016/j.marpol.2021.104

939 

[2] Carroll, Carlos, and Justina C. Ray. 

"Maximizing the effectiveness of national 

commitments to protected area expansion 



Journal of Animal Environment, Vol. 17, No. 3, Autumn 2025 

710 

for conserving biodiversity and ecosystem 

carbon under climate change." Global 

Change Biology 27, no. 15 (2021): 3395-

3414. https://doi.org/10.1111/gcb.15645 

[3] Chen, Haojie, Tong Zhang, Robert 

Costanza, and Ida Kubiszewski. "Review 

of the approaches for assessing protected 

areas' effectiveness." Environmental 

Impact Assessment Review 98 (2023): 

106929. 

https://doi.org/10.1016/j.eiar.2022.106929 

[4] Coldrey, Kevin M., Jane K. Turpie, Guy 

Midgley, Simon Scheiter, Lee Hannah, 

Patrick R. Roehrdanz, and Wendy B. 

Foden. "Assessing protected area 

vulnerability to climate change in a case 

study of South African national parks." 

Conservation Biology 36, no. 5 (2022): 

e13941. 

https://doi.org/10.1111/cobi.13941 

[5] Condro, Aryo Adhi, Lilik Budi Prasetyo, 

Siti Badriyah Rushayati, I. Putu 

Santikayasa, and Entang Iskandar. 

"Predicting hotspots and prioritizing 

protected areas for endangered primate 

species in Indonesia under changing 

climate." Biology 10, no. 2 (2021): 154.  

https://doi.org/10.3390/biology10020154 

[6] De Marco Jr, Paulo, Rodrigo A. de Souza, 

André FA Andrade, Sara Villén-Pérez, 

Caroline Corrêa Nóbrega, Luiza Motta 

Campello, and Marcellus Caldas. "The 

value of private properties for the 

conservation of biodiversity in the 

Brazilian Cerrado." Science 380, no. 6642 

(2023): 298-301.  

https://doi.org/10.1126/science.abq7768 

[7] Gillingham, Phillipa Kirsty, J. Robert 

Britton, Georgia Jones, Abraham Miller-

Rushing, Richard Stafford, and Helen 

Slater. "Climate change adaptation for 

biodiversity in protected areas: An 

overview of actions." Biological 

Conservation 289 (2024): 110375. 

https://doi.org/10.1016/j.biocon.2023.110

375 

[8] Graham, Victoria, Jonas Geldmann, 

Vanessa M. Adams, Pablo Jose Negret, 

Pablo Sinovas, and Hsing-Chung Chang. 

"Southeast Asian protected areas are 

effective in conserving forest cover and 

forest carbon stocks compared to 

unprotected areas." Scientific Reports 11, 

no. 1 (2021): 23760. 

[9] Hoveka, Lerato N., Michelle van der 

Bank, and T. Jonathan Davies. "Winners 

and losers in a changing climate: how will 

protected areas conserve red list species 

under climate change?." Diversity and 

Distributions 28, no. 4 (2022): 782-792. 

https://doi.org/10.1111/ddi.13488 

[10] Iyer, Sneha, and Rahul Verma. 

"Integrating Indigenous Knowledge with 

GIS for Biodiversity Conservation in Sub-

Saharan Africa." International Journal of 

SDG's Prospects and Breakthroughs 1, no. 

1 (2023): 4-7. 

[11] Nzegbule, Emmanuel, and Udoka 

Obiajunwa. "Barriers and enablers for 

effective adoption of nature-based 

solutions (NbS) in climate change 

mitigation and adaptation in Nigeria." 

In Handbook of nature-based solutions to 

mitigation and adaptation to climate 



Journal of Animal Environment, Vol. 17, No. 3, Autumn 2025 

711 

change, pp. 517-536. Cham: Springer 

Nature Switzerland, 2025. 

[12] Pettorelli, Nathalie, Nicholas AJ Graham, 

Nathalie Seddon, Mercedes Maria da 

Cunha Bustamante, Matthew J. Lowton, 

William J. Sutherland, Heather J. 

Koldewey, Honor C. Prentice, and Jos 

Barlow. "Time to integrate global climate 

change and biodiversity science‐policy 

agendas." Journal of Applied Ecology 58, 

no. 11 (2021): 2384-2393. 

https://doi.org/10.1111/1365-2664.13985 

[13] Rajan, C., and T. Senthil. “Influence of 

Invasive Species on Native Forest 

Regeneration and Ecological Stability.” 

National Journal of Forest Sustainability 

and Climate Change 2, no. 1 (2024): 24–

30. 

[14] Reginald, P. Joshua. "Climate Change–

Driven Zoonoses: Predictive Modeling 

and Adaptive Risk Mitigation in Pastoral 

Systems." National Journal of Animal 

Health and Sustainable Livestock 2, no. 2 

(2024): 34-41. 

[15] Rodríguez-Rodríguez, David, and Javier 

Martínez-Vega. "Effectiveness of 

Protected Areas in Conserving 

Biodiversity." A Worldwide Review. 

Cham, Switzerland: Springer (2022). 

[16] Silvestro, Daniele, Stefano Goria, Thomas 

Sterner, and Alexandre Antonelli. 

"Improving biodiversity protection 

through artificial intelligence." Nature 

sustainability 5, no. 5 (2022): 415-424. 

[17] Singh, Praveen, and Nalini Joshi. "Impact 

of Climate Change on Freshwater 

Biodiversity in Tropical River 

Ecosystems." Aquatic Ecosystems and 

Environmental Frontiers 3, no. 3 (2025): 

21-24. 

https://doi.org/10.70102/AEEF/V3I3/5 

[18] Tun, Kyaw Zabu, Malay Pramanik, Rabin 

Chakrabortty, Koushik Chowdhury, Bijay 

Halder, Chaitanya Baliram Pande, Anirban 

Mukhopadhyay, and Mohamed Zhran. 

"Mainstreaming nature-based solutions for 

climate adaptation in Southeast Asia: a 

systematic review." Earth Systems and 

Environment 9, no. 2 (2025): 1333-1351. 

https://doi.org/10.1007/s41748-024-

00473-2 

[19] Zeng, Yiwen, Lian Pin Koh, and David S. 

Wilcove. "Gains in biodiversity 

conservation and ecosystem services from 

the expansion of the planet’s protected 

areas." Science Advances 8, no. 22 (2022): 

eabl9885. 

https://doi.org/10.1126/sciadv.abl9885 

[20] Zhang, Yin, Paige West, Lerato Thakholi, 

Kulbhushansingh Suryawanshi, Miriam 

Supuma, Dakota Straub, Samantha S. 

Sithole et al. "Governance and 

conservation effectiveness in protected 

areas and indigenous and locally managed 

areas." Annual Review of Environment and 

Resources 48, no. 1 (2023): 559-588. 

https://doi.org/10.1146/annurev-environ-

112321-081348 


