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ABSTRACT : 
Climate change and global warming pose significant threats to biodiversity worldwide, with far-reaching 
consequences for ecosystems, human well-being, and the planet's overall health. This comprehensive 
review examines the current trends in biodiversity loss attributable to climate change, projects future 
threats, and explores potential solutions to mitigate these impacts. Drawing from extensive research and 
data analysis, we present a multifaceted view of the complex interactions between climate change and 
biodiversity. Our findings indicate that the rate of species extinction is accelerating, with climate change 
acting as a major driver. We identify key vulnerable ecosystems and species groups, and discuss how 
climatic shifts are altering habitats, migration patterns, and species interactions. Furthermore, we 
evaluate the effectiveness of current conservation strategies and propose innovative solutions that 
integrate climate change mitigation with biodiversity preservation. This paper aims to provide a 
thorough understanding of the challenges faced and offer actionable insights for policymakers, 
conservationists, and researchers working to protect global biodiversity in the face of climate change. 
Keywords: biodiversity loss; climate change; global warming; species extinction; conservation; 
ecosystem resilience 
 
INTRODUCTION: 
The Earth's biodiversity, encompassing the variety of life at genetic, species, and ecosystem levels, is 
facing unprecedented threats due to human-induced climate change and global warming. As the planet's 
temperature continues to rise at an alarming rate, ecosystems worldwide are experiencing rapid 
transformations, leading to habitat loss, species extinctions, and disruptions in ecological processes [1]. 
The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) 
reports that around one million animal and plant species are now threatened with extinction, many 
within decades, more than ever before in human history [2]. 
Climate change acts as both a direct driver of biodiversity loss and as a factor that exacerbates other 
pressures on ecosystems, such as habitat destruction, pollution, and overexploitation of natural resources 
[3]. The complex interplay between climate change and these other factors creates a multifaceted 
challenge for conservation efforts and ecosystem management. 
This paper aims to provide a comprehensive overview of the current state of biodiversity loss due to 
climate change and global warming, examine future threats, and explore potential solutions. We will 
address the following key questions: 

1. What are the current trends in biodiversity loss attributable to climate change and global 
warming? 

2. Which ecosystems and species are most vulnerable to climate-induced changes? 
3. How are species interactions and ecosystem functions being altered by climatic shifts? 
4. What are the projected future threats to biodiversity under different climate change scenarios? 
5. What solutions and strategies can be implemented to mitigate biodiversity loss in the face of 

climate change? 
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By synthesizing the latest research and data from various scientific disciplines, including ecology, 
climatology, and conservation biology, this paper aims to provide a holistic understanding of the 
challenges faced by global biodiversity. We will also discuss the implications of biodiversity loss for 
human well-being and ecosystem services, emphasizing the urgent need for action to address this global 
crisis. 
CURRENT TRENDS IN BIODIVERSITY LOSS: 
Global Patterns of Species Decline 
Recent studies have revealed alarming trends in species decline across various taxa and geographic 
regions. The Living Planet Index, which measures the state of the world's biological diversity based on 
population trends of vertebrate species, reported a 68% average decline in monitored populations 
between 1970 and 2016 [4]. This decline is particularly pronounced in tropical regions, which host the 
majority of the Earth's biodiversity. 
Table 1 presents a summary of recent estimates of species decline across major taxonomic groups. 
Table 1: Estimated species decline across major taxonomic groups 

Taxonomic 
Group 

Estimated Decline Time Period Source 

Amphibians 41% of species threatened Current 
assessment 

IUCN Red List, 2020 [5] 

Mammals 26% of species threatened Current 
assessment 

IUCN Red List, 2020 [5] 

Birds 14% of species threatened Current 
assessment 

IUCN Red List, 2020 [5] 

Reptiles 21% of species threatened Current 
assessment 

IUCN Red List, 2020 [5] 

Insects 40% of species declining Last few decades Sánchez-Bayo &Wyckhuys, 2019 
[6] 

Plants 22% of species threatened Current 
assessment 

IUCN Red List, 2020 [5] 

Marine fish 33% of species 
overexploited 

Current 
assessment 

FAO, 2020 [7] 

These figures underscore the widespread nature of biodiversity loss across different taxonomic groups 
and highlight the urgent need for comprehensive conservation efforts. 
 
CLIMATE CHANGE AS A DRIVER OF BIODIVERSITY LOSS : 
While multiple factors contribute to biodiversity loss, climate change has emerged as a significant and 
rapidly intensifying driver. The Intergovernmental Panel on Climate Change (IPCC) reports that human 
activities have caused approximately 1.0°C of global warming above pre-industrial levels, with 
temperatures likely to reach 1.5°C between 2030 and 2052 if warming continues at the current rate [8]. 
This rapid warming is having profound effects on biodiversity through various mechanisms: 
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1. Range shifts: Many species are moving poleward or to higher elevations in response to warming 
temperatures, altering community compositions and ecosystem functions [9]. 

2. Phenological changes: Shifts in the timing of life-cycle events (e.g., flowering, migration) are 
disrupting species interactions and ecological processes [10]. 

3. Direct physiological stress: Extreme temperatures and altered precipitation patterns are causing 
direct mortality and reduced fitness in many species [11]. 

4. Habitat loss: Climate-induced changes in vegetation patterns and sea-level rise are leading to 
habitat degradation and loss, particularly in coastal and montane ecosystems [12]. 

5. Increased frequency and intensity of extreme events: Hurricanes, droughts, and wildfires are 
causing mass mortalities and long-term ecosystem changes [13]. 

Table 2 summarizes the observed impacts of climate change on different ecosystem types. 
Table 2: Observed impacts of climate change on major ecosystem types 

Ecosystem 
Type 

Observed Impacts References 

Coral Reefs Mass bleaching events, reduced calcification, 
species range shifts 

Hughes et al., 2018 
[14] 

Arctic Tundra Permafrost thaw, vegetation shifts, altered animal 
migration patterns 

Post et al., 2019 [15] 

Tropical 
Forests 

Changes in species composition, increased fire 
frequency 

Malhi et al., 2014 [16] 

Montane 
Ecosystems 

Upslope species migrations, loss of alpine habitats Pecl et al., 2017 [17] 

Freshwater 
Systems 

Altered flow regimes, water temperature increases, 
species range shifts 

Reid et al., 2019 [18] 

Grasslands Changes in plant community composition, altered 
fire regimes 

Sala et al., 2000 [19] 

Coastal 
Ecosystems 

Sea-level rise impacts, saltwater intrusion, habitat 
loss 

Nicholls & Cazenave, 
2010 [20] 

These impacts demonstrate the pervasive influence of climate change across diverse ecosystems and 
highlight the need for targeted conservation strategies that account for ongoing and projected climatic 
changes. 
 
SYNERGIES WITH OTHER DRIVERS OF BIODIVERSITY LOSS : 
While climate change is a major driver of biodiversity loss, it often acts in synergy with other 
anthropogenic pressures, exacerbating their impacts. These interactions can create complex feedback 
loops that accelerate biodiversity decline. Key synergies include: 

1. Habitat fragmentation and climate change: Fragmented landscapes reduce species' ability to 
migrate in response to changing climatic conditions, increasing vulnerability to local extinctions 
[21]. 
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2. Invasive species and climate change: Altered climatic conditions can facilitate the spread of 
invasive species, which often outcompete native species in disturbed ecosystems [22]. 

3. Pollution and climate change: Climate-induced changes in temperature and precipitation patterns 
can alter the transport and fate of pollutants, potentially increasing their impacts on ecosystems 
[23]. 

4. Overexploitation and climate change: Climate stress can reduce the resilience of populations to 
harvesting pressures, leading to more rapid declines in exploited species [24]. 

Understanding these synergies is crucial for developing effective conservation strategies that address 
multiple pressures simultaneously. 
 

VULNERABLE ECOSYSTEMS AND SPECIES : 
Highly Vulnerable Ecosystems: 
Certain ecosystems are particularly vulnerable to climate change due to their unique characteristics, 
geographic location, or limited adaptive capacity. These ecosystems often harbor high levels of 
biodiversity and provide critical ecosystem services, making their conservation a priority. Table 3 
outlines some of the most vulnerable ecosystems and the specific threats they face. 
Table 3: Highly vulnerable ecosystems and associated climate change threats 

Ecosystem Key Vulnerabilities Climate Change Threats References 

Coral Reefs Temperature-sensitive, 
slow-growing 

Ocean acidification, marine 
heatwaves, sea-level rise 

Hoegh-Guldberg 
et al., 2017 [25] 

Arctic Tundra Limited geographic range, 
slow-growing vegetation 

Rapid warming, permafrost 
thaw, altered fire regimes 

Post et al., 2019 
[15] 

Cloud Forests Dependent on specific 
moisture regimes 

Changes in cloud 
formation, increased 
drought 

Foster, 2001 [26] 

Mangroves Sensitive to sea-level 
changes 

Sea-level rise, altered 
sedimentation patterns 

Ward et al., 2016 
[27] 

Alpine 
Ecosystems 

Limited altitudinal range Upslope shifts in 
vegetation, loss of snow 
cover 

Grabherr et al., 
2010 [28] 

Seagrass 
Meadows 

Sensitive to temperature 
and light changes 

Ocean warming, increased 
storm intensity 

Orth et al., 2006 
[29] 

Polar Sea Ice 
Ecosystems 

Dependent on sea ice 
extent 

Rapid sea ice loss, ocean 
acidification 

Post et al., 2013 
[30] 

These vulnerable ecosystems require targeted conservation efforts that account for their specific 
sensitivities to climate change and consider potential future climatic conditions. 
 

SPECIES GROUPS AT HIGH RISK : 
Certain species groups are particularly vulnerable to climate change impacts due to their ecological 
traits, life history characteristics, or geographic distributions. Understanding which species are most at 
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risk can help prioritize conservation efforts and develop targeted protection strategies. Table 4 presents 
an overview of species groups considered highly vulnerable to climate change. 
Table 4: Species groups at high risk from climate change 

Species Group Vulnerability Factors Examples References 

Habitat Specialists Limited adaptive capacity, 
restricted range 

Mountain-top 
endemics, coral 
reef fishes 

Williams et al., 
2008 [31] 

Polar Species Dependent on sea ice, 
limited northward 
migration potential 

Polar bears, Arctic 
foxes, emperor 
penguins 

Descamps et al., 
2017 [32] 

Migratory Species Reliant on multiple, 
geographically distant 
habitats 

Long-distance 
migratory birds, 
sea turtles 

Robinson et al., 
2009 [33] 

Amphibians Sensitive to temperature 
and moisture changes 

Golden toads, 
harlequin frogs 

Wake & 
Vredenburg, 
2008 [34] 

Reptiles with 
Temperature-Dependent 
Sex Determination 

Sex ratios affected by 
incubation temperatures 

Sea turtles, some 
lizard species 

Janzen & 
Phillips, 2006 
[35] 

Calcifying Marine 
Organisms 

Sensitive to ocean 
acidification 

Corals, mollusks, 
some plankton 
species 

Kroeker et al., 
2013 [36] 

Long-Lived, Slow-
Reproducing Species 

Limited ability to adapt to 
rapid changes 

Large-bodied 
mammals, some 
tree species 

Morris et al., 
2008 [37] 

These species groups face multiple challenges in adapting to climate change, often due to a combination 
of intrinsic biological factors and extrinsic environmental pressures. Conservation strategies must 
consider these specific vulnerabilities to effectively protect these at-risk species. 
 
ALTERATIONS IN SPECIES INTERACTIONS AND ECOSYSTEM FUNCTIONS : 
Phenological Mismatches : 
Climate change is altering the timing of key life cycle events (phenology) for many species, often 
leading to mismatches between interacting species. These phenological shifts can disrupt important 
ecological relationships, such as those between predators and prey, pollinators and plants, or parasites 
and hosts [38]. Table 5 provides examples of observed phenological mismatches due to climate change. 
Table 5: Examples of phenological mismatches caused by climate change 

Interacting 
Species 

Observed Mismatch Consequences Reference 
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Great tits and 
caterpillars 

Earlier caterpillar peak 
abundance not matched by 
bird breeding timing 

Reduced reproductive 
success in birds 

Visser et al., 2006 
[39] 

Caribou and plant 
green-up 

Earlier plant green-up not 
matched by caribou calving 

Reduced calf survival Post & 
Forchhammer, 
2008 [40] 

Butterfly and host 
plant 

Altered butterfly emergence 
timing relative to host plant 
availability 

Potential local 
extinctions of 
butterflies 

Parmesan, 2007 
[41] 

Cod and 
zooplankton 

Mismatch between cod 
spawning and zooplankton 
bloom 

Reduced cod 
recruitment 

Beaugrand et al., 
2003 [42] 

Migratory birds 
and insect prey 

Earlier insect emergence not 
matched by bird arrival 

Decreased bird 
populations 

Both et al., 2006 
[43] 

These mismatches can have cascading effects throughout food webs and ecosystems, potentially leading 
to population declines and altered community structures. 
 
RANGE SHIFTS AND NOVEL COMMUNITIES : 
As species respond to climate change by shifting their ranges, novel communities are forming with 
uncertain consequences for ecosystem functioning. These range shifts can lead to new species 
interactions, the breakdown of co-evolved relationships, and potential ecosystem restructuring [44]. 
Table 6 summarizes some observed range shifts and their ecological impacts. 
Table 6: Examples of climate-induced range shifts and their ecological impacts 

Species/Group Observed Range 
Shift 

Ecological Impact Reference 

Thermophilic fish 
species 

Poleward expansion 
in the North Sea 

Altered fish community 
structure and food web 
dynamics 

Perry et al., 
2005 [45] 

Bark beetles Upslope and 
northward expansion 
in North America 

Increased tree mortality and 
forest structure changes 

Bentz et al., 
2010 [46] 

Alpine plants Upslope migration in 
European mountains 

Decreased diversity in alpine 
zones, novel species 
assemblages 

Steinbauer et al., 
2018 [47] 

Tropical plant 
pathogens 

Poleward expansion Increased disease pressure on 
temperate crops and forests 

Bebber et al., 
2013 [48] 
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Warmwater 
plankton 

Northward expansion 
in the North Atlantic 

Altered marine food web 
structure and biogeochemical 
cycling 

Beaugrand et al., 
2002 [49] 

These range shifts are reshaping ecosystems worldwide, with potential consequences for biodiversity, 
ecosystem services, and human well-being. 
 
ALTERED ECOSYSTEM FUNCTIONS : 
Climate change is also directly impacting ecosystem functions, including primary productivity, nutrient 
cycling, and carbon sequestration. These alterations can have far-reaching consequences for biodiversity 
and ecosystem services. Table 7 outlines some key ecosystem functions affected by climate change. 
Table 7: Climate change impacts on ecosystem functions 

Ecosystem 
Function 

Observed/Projected 
Changes 

Consequences Reference 

Decomposition 
Rates 

Generally increased with 
warming 

Altered soil organic matter 
dynamics, nutrient 
availability 

Davidson & 
Janssens, 2006 
[53] 

Water Cycling Intensification of 
hydrological cycle 

Changes in water 
availability, increased 
flood/drought risk 

Huntington, 2006 
[54] 

Pollination 
Services 

Disrupted plant-pollinator 
interactions 

Reduced crop yields, 
changes in plant community 
composition 

Memmott et al., 
2007 [55] 

These alterations in ecosystem functions can have cascading effects on biodiversity and ecosystem 
stability, potentially leading to feedback loops that further exacerbate climate change impacts. 
 
FUTURE THREATS TO BIODIVERSITY: 
Projected Climate Change Scenarios 
To understand future threats to biodiversity, it is crucial to consider various climate change scenarios. 
The Intergovernmental Panel on Climate Change (IPCC) has developed a set of Representative 
Concentration Pathways (RCPs) that describe different climate futures depending on greenhouse gas 
emissions in the coming years. Table 8 summarizes the key characteristics of these scenarios and their 
implications for biodiversity. 
Table 8: IPCC climate change scenarios and their implications for biodiversity 

Scenari
o 

Description Projected Global 
Temperature 
Increase by 2100 

Biodiversity Implications Reference 

RCP2.6 Strong 
mitigation 

0.3-1.7°C Moderate biodiversity loss, 
some ecosystem recovery 
possible 

IPCC, 
2014 [56] 
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RCP4.5 Intermediate 
emissions 

1.1-2.6°C Significant biodiversity loss, 
major ecosystem 
transformations 

IPCC, 
2014 [56] 

RCP6.0 Intermediate 
emissions 

1.4-3.1°C Severe biodiversity loss, 
widespread ecosystem 
collapse 

IPCC, 
2014 [56] 

RCP8.5 High emissions 2.6-4.8°C Catastrophic biodiversity 
loss, mass extinctions likely 

IPCC, 
2014 [56] 

These scenarios highlight the critical importance of mitigation efforts in determining the future of global 
biodiversity. Even under the most optimistic scenario (RCP2.6), significant biodiversity loss is expected, 
underscoring the urgency of immediate action. 
 
PROJECTED IMPACTS ON KEY ECOSYSTEMS : 
Based on these climate change scenarios, researchers have projected future impacts on various 
ecosystems. Table 9 summarizes some of these projections for key ecosystems. 
Table 9: Projected impacts of climate change on key ecosystems under high emission scenarios 
(RCP8.5) 

Ecosystem Projected Impacts by 2100 References 

Coral Reefs 99% loss of coral reefs globally Hoegh-Guldberg et al., 
2018 [57] 

Arctic Tundra 50-90% loss of near-surface permafrost Chadburn et al., 2017 
[58] 

Amazon 
Rainforest 

Potential transformation of up to 40% to savanna Nobre et al., 2016 [59] 

Alpine 
Ecosystems 

60-80% reduction in alpine plant species 
richness 

Engler et al., 2011 [60] 

Wetlands 20-90% loss of coastal wetlands due to sea-level 
rise 

Craft et al., 2009 [61] 

Boreal Forests Northward shift of boreal-temperate ecotone by 
up to 20 km/decade 

Gauthier et al., 2015 [62] 

These projections illustrate the potentially devastating impacts of unmitigated climate change on global 
ecosystems, with cascading effects on biodiversity and ecosystem services. 
 
EXTINCTION RISKS : 
Climate change is expected to significantly increase extinction risks for many species. The magnitude of 
this risk depends on various factors, including the rate and magnitude of climate change, species' 
adaptive capacities, and interactions with other stressors. Table 10 presents projected extinction risks for 
different taxonomic groups under various climate change scenarios. 
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Table 10: Projected extinction risks due to climate change 

Taxonomic 
Group 

Projected Extinction Risk Climate 
Scenario 

Reference 

Plants 15-37% committed to extinction 1.5-2°C 
warming 

Urban, 2015 [63] 

Insects 18% of species at risk of extinction 2°C warming Warren et al., 2018 
[64] 

Vertebrates 8% of species at high risk of 
extinction 

3°C warming Urban, 2015 [63] 

Mammals 8-39% committed to extinction 1.5-2°C 
warming 

Pacifici et al., 2017 
[65] 

Birds 6-14% committed to extinction 1.5-2°C 
warming 

Pacifici et al., 2017 
[65] 

Amphibians 10-40% of species at increased 
extinction risk 

1.5-2°C 
warming 

Foden et al., 2013 
[66] 

These projections highlight the urgent need for both mitigation and adaptation strategies to prevent 
widespread extinctions and preserve global biodiversity. 
 
SOLUTIONS AND MITIGATION STRATEGIES 
Addressing the complex challenges posed by climate change-induced biodiversity loss requires a 
multifaceted approach that combines mitigation of greenhouse gas emissions with targeted conservation 
and adaptation strategies. This section outlines key solutions and strategies that can help preserve 
biodiversity in the face of climate change. 
Climate Change Mitigation 
Reducing greenhouse gas emissions is crucial for limiting the long-term impacts of climate change on 
biodiversity. Key mitigation strategies include: 

1. Transition to renewable energy sources 
2. Improving energy efficiency across sectors 
3. Sustainable land-use practices and reducing deforestation 
4. Development of carbon capture and storage technologies 
5. Promotion of sustainable transportation and urban planning 

Table 11 presents examples of mitigation strategies and their potential benefits for biodiversity 
conservation. 
Table 11: Climate change mitigation strategies and their biodiversity benefits 

Mitigation Strategy Biodiversity Benefits References 

Reforestation and 
afforestation 

Habitat creation, carbon sequestration Bastin et al., 2019 
[67] 
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Wetland restoration Improved habitat for aquatic species, 
carbon storage 

Moomaw et al., 2018 
[68] 

Sustainable agriculture 
practices 

Reduced habitat destruction, improved 
soil biodiversity 

Lal, 2004 [69] 

Marine protected areas Enhanced resilience of marine 
ecosystems 

Roberts et al., 2017 
[70] 

Urban greening initiatives Increased urban biodiversity, reduced 
heat island effect 

Filazzola et al., 2019 
[71] 

 
ECOSYSTEM-BASED ADAPTATION: 
Ecosystem-based adaptation (EbA) approaches use biodiversity and ecosystem services as part of an 
overall strategy to help people adapt to the adverse effects of climate change. These strategies can 
provide multiple benefits, including biodiversity conservation, climate change adaptation, and improved 
human well-being. Table 12 outlines some key EbA strategies and their benefits. 
Table 12: Ecosystem-based adaptation strategies and their benefits 

EbA Strategy Description Benefits References 

Mangrove 
restoration 

Replanting and 
protecting mangrove 
forests 

Coastal protection, carbon 
sequestration, fish nursery 
habitats 

Alongi, 2008 
[72] 

Coral reef 
restoration 

Active restoration of 
degraded coral reefs 

Enhanced reef resilience, 
coastal protection, biodiversity 
conservation 

Rinkevich, 
2014 [73] 

River floodplain 
restoration 

Reconnecting rivers 
with their 
floodplains 

Flood mitigation, improved 
water quality, habitat creation 

Opperman et 
al., 2009 [74] 

Agroforestry Integrating trees in 
agricultural 
landscapes 

Increased agricultural 
resilience, habitat connectivity, 
carbon sequestration 

Mbow et al., 
2014 [75] 

Green infrastructure 
in urban areas 

Creating networks of 
green spaces in cities 

Urban cooling, stormwater 
management, biodiversity 
support 

Gill et al., 
2007 [76] 

 
PROTECTED AREA NETWORKS AND CONNECTIVITY : 
Expanding and strengthening protected area networks is crucial for preserving biodiversity in the face of 
climate change. However, traditional static protected areas may be insufficient as species ranges shift. 
Adaptive management approaches and improved connectivity between protected areas are necessary to 
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facilitate species movements and maintain ecosystem resilience. Table 13 presents strategies for 
enhancing protected area effectiveness under climate change. 
Table 13: Strategies for enhancing protected area effectiveness under climate change 

Strategy Description Benefits References 

Climate-smart 
protected area 
design 

Incorporating climate 
change projections into 
protected area planning 

Improved long-term 
effectiveness of 
conservation efforts 

Hannah et al., 
2007 [77] 

Ecological corridors Creating habitat 
connections between 
protected areas 

Facilitated species range 
shifts, increased genetic 
connectivity 

Krosby et al., 
2010 [78] 

Transboundary 
protected areas 

Collaboration across 
national borders for 
conservation 

Improved landscape-scale 
conservation, facilitated 
species movements 

Vasilijević et 
al., 2015 [79] 

Dynamic protected 
areas 

Flexible boundaries that 
can shift with changing 
species distributions 

Adaptive conservation in 
response to climate-
induced range shifts 

Alagador et al., 
2014 [80] 

Refugia 
identification and 
protection 

Protecting areas that may 
serve as climate refugia 

Preservation of 
biodiversity under future 
climate scenarios 

Morelli et al., 
2016 [81] 

 
SPECIES-SPECIFIC CONSERVATION STRATEGIES : 
While ecosystem-based approaches are crucial, species-specific conservation strategies are also 
necessary, particularly for highly vulnerable or ecologically important species. These strategies may 
include assisted migration, ex-situ conservation, and targeted habitat management. Table 14 outlines 
some species-specific conservation strategies and their applications. 
Table 14: Species-specific conservation strategies for climate change adaptation 

Strategy Description Examples References 

Assisted migration Intentional movement of 
species to more suitable 
habitats 

Translocation of 
butterflies in the UK 

Willis et al., 
2009 [82] 

Ex-situ 
conservation 

Preservation of species 
outside their natural 
habitats 

Seed banks for 
threatened plant species 

Corlett, 2016 
[83] 

Genetic rescue Introduction of genetic 
diversity to boost 
population resilience 

Florida panther genetic 
restoration 

Johnson et al., 
2010 [84] 
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Habitat 
manipulation 

Modifying habitats to 
improve species resilience 

Creating shaded riverine 
habitats for cold-water 
fish 

Null et al., 
2013 [85] 

Targeted invasive 
species 
management 

Controlling invasive 
species that may benefit 
from climate change 

Removal of climate-
favored invasive plants 

Hellmann et 
al., 2008 [86] 

 
INTEGRATED LANDSCAPE MANAGEMENT : 
Effective biodiversity conservation in the face of climate change requires integrated approaches that 
consider entire landscapes and seascapes, including both protected and non-protected areas. This 
approach recognizes the interconnectedness of ecosystems and the need to manage biodiversity across 
different land uses. Table 15 presents key elements of integrated landscape management for biodiversity 
conservation. 
Table 15: Elements of integrated landscape management for biodiversity conservation under climate 
change 

Element Description Benefits References 

Multi-stakeholder 
planning 

Involving diverse 
stakeholders in landscape-
level planning 

Improved coordination, 
reduced conflicts 

Reed et al., 
2016 [87] 

Ecosystem service 
mapping 

Identifying and mapping 
key ecosystem services 
across landscapes 

Informed decision-
making, highlighting 
synergies 

Martínez-Harms 
& Balvanera, 
2012 [88] 

Sustainable land-
use zoning 

Designating areas for 
different uses based on 
ecological and social 
factors 

Balanced conservation 
and development 
objectives 

DeFries et al., 
2007 [89] 

Agro-ecological 
intensification 

Enhancing agricultural 
productivity while 
supporting biodiversity 

Reduced pressure on 
natural habitats, 
improved landscape 
connectivity 

Tittonell, 2014 
[90] 

Payment for 
ecosystem services 

Incentivizing biodiversity-
friendly land management 
practices 

Economic support for 
conservation efforts 

Wunder et al., 
2008 [91] 

 
CONCLUSION : 
The loss of biodiversity due to climate change and global warming presents one of the most significant 
challenges of our time. This comprehensive review has highlighted the current trends in biodiversity 
loss, identified vulnerable ecosystems and species, and explored the complex interactions between 
climate change and ecological processes. The projected future threats under various climate change 
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scenarios underscore the urgency of immediate and decisive action to mitigate greenhouse gas emissions 
and implement effective conservation strategies. 
Key findings from this review include: 

1. The rate of biodiversity loss is accelerating, with climate change acting as a major driver 
alongside other anthropogenic pressures. 

2. Certain ecosystems, such as coral reefs, Arctic tundra, and alpine habitats, are particularly 
vulnerable to climate change impacts. 

3. Climate-induced changes in species distributions, phenology, and interactions are reshaping 
ecosystems worldwide, with cascading effects on biodiversity and ecosystem functions. 

4. Even under optimistic climate change scenarios, significant biodiversity loss is projected, with 
potentially catastrophic losses under high-emission scenarios. 

5. Effective conservation in the face of climate change requires a multi-faceted approach that 
combines mitigation efforts with ecosystem-based adaptation, enhanced protected area networks, 
species-specific interventions, and integrated landscape management. 

The solutions and strategies presented in this review offer a roadmap for addressing the biodiversity 
crisis in the context of climate change. However, their successful implementation will require 
unprecedented levels of global cooperation, sustained political will, and significant financial 
investments. The scale of the challenge demands urgent action at all levels of society, from individual 
behaviors to international policy frameworks. 
Future research directions should focus on: 

1. Improving our understanding of species' adaptive capacities and potential evolutionary responses 
to climate change. 

2. Developing more accurate models to project biodiversity responses under different climate 
scenarios at finer spatial scales. 

3. Evaluating the effectiveness of various adaptation strategies and refining best practices for 
implementation. 

4. Exploring innovative technologies and approaches for biodiversity monitoring and conservation 
in a rapidly changing world. 

5. Investigating the socio-economic implications of biodiversity loss and developing strategies to 
align conservation goals with sustainable development objectives. 

In conclusion, the preservation of global biodiversity in the face of climate change is not only an 
ecological imperative but also crucial for maintaining the ecosystem services upon which human well-
being depends. The window for effective action is rapidly closing, and the decisions made in the coming 
years will have profound implications for the future of life on Earth. It is our collective responsibility to 
rise to this challenge and work towards a more sustainable and biodiverse future. 
 
REFERENCES : 
[1] Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W., &Courchamp, F. (2012). Impacts of climate 
change on the future of biodiversity. Ecology letters, 15(4), 365-377. 
[2] IPBES. (2019). Summary for policymakers of the global assessment report on biodiversity and 
ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services. IPBES secretariat, Bonn, Germany. 
[3] Brook, B. W., Sodhi, N. S., & Bradshaw, C. J. (2008). Synergies among extinction drivers under 
global change. Trends in ecology & evolution, 23(8), 453-460. 
[4] WWF. (2020). Living Planet Report 2020 - Bending the curve of biodiversity loss. Almond, R.E.A., 
Grooten M. and Petersen, T. (Eds). WWF, Gland, Switzerland. 



JuniKhyat(जूनीƥात)      ISSN: 2278-4632 
(UGC Care Group I Listed Journal)     Vol-14, Issue-9, No.01,September: 2024 
 
 

Page | 75                                                                                                       Copyright @ 2024 Author 

[5] IUCN. (2020). The IUCN Red List of Threatened Species. Version 2020-
2.https://www.iucnredlist.org 
[6] Sánchez-Bayo, F., &Wyckhuys, K. A. (2019). Worldwide decline of the entomofauna: A review of 
its drivers. Biological conservation, 232, 8-27. 
[7] FAO. (2020). The State of World Fisheries and Aquaculture 2020. 
[8] IPCC. (2018). Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming 
of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways. 
[9] Chen, I. C., Hill, J. K., Ohlemüller, R., Roy, D. B., & Thomas, C. D. (2011). Rapid range shifts of 
species associated with high levels of climate warming. Science, 333(6045), 1024-1026. 
[10] Thackeray, S. J., Henrys, P. A., Hemming, D., Bell, J. R., Botham, M. S., Burthe, S., ... & Wanless, 
S. (2016). Phenological sensitivity to climate across taxa and trophic levels. Nature, 535(7611), 241-
245. 
[11] Deutsch, C. A., Tewksbury, J. J., Huey, R. B., Sheldon, K. S., Ghalambor, C. K., Haak, D. C., & 
Martin, P. R. (2008). Impacts of climate warming on terrestrial ectotherms across latitude. Proceedings 
of the National Academy of Sciences, 105(18), 6668-6672. 
[12] Lenoir, J., & Svenning, J. C. (2015). Climate-related range shifts–a global multidimensional 
synthesis and new research directions. Ecography, 38(1), 15-28. 
[13] Ummenhofer, C. C., & Meehl, G. A. (2017). Extreme weather and climate events with ecological 
relevance: a review. Philosophical Transactions of the Royal Society B: Biological Sciences, 372(1723), 
20160135. 
[14] Hughes, T. P., Kerry, J. T., Baird, A. H., Connolly, S. R., Dietzel, A., Eakin, C. M., ... & Torda, G. 
(2018). Global warming transforms coral reef assemblages. Nature, 556(7702), 492-496. 
[15] Post, E., Alley, R. B., Christensen, T. R., Macias-Fauria, M., Forbes, B. C., Gooseff, M. N., ... & 
Wang, M. (2019). The polar regions in a 2°C warmer world. Science Advances, 5(12), eaaw9883. 
[16] Malhi, Y., Gardner, T. A., Goldsmith, G. R., Silman, M. R., &Zelazowski, P. (2014). Tropical 
forests in the Anthropocene. Annual Review of Environment and Resources, 39, 125-159. 
[17] Pecl, G. T., Araújo, M. B., Bell, J. D., Blanchard, J., Bonebrake, T. C., Chen, I. C., ... & Williams, 
S. E. (2017). Biodiversity redistribution under climate change: Impacts on ecosystems and human well-
being. Science, 355(6332), eaai9214. 
[18] Reid, A. J., Carlson, A. K., Creed, I. F., Eliason, E. J., Gell, P. A., Johnson, P. T., ... & Cooke, S. J. 
(2019). Emerging threats and persistent conservation challenges for freshwater biodiversity. Biological 
Reviews, 94(3), 849-873. 
[19] Sala, O. E., Chapin, F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R., ... & Wall, D. H. 
(2000). Global biodiversity scenarios for the year 2100. Science, 287(5459), 1770-1774. 
[20] Nicholls, R. J., & Cazenave, A. (2010). Sea-level rise and its impact on coastal zones. Science, 
328(5985), 1517-1520. 
[21] Haddad, N. M., Brudvig, L. A., Clobert, J., Davies, K. F., Gonzalez, A., Holt, R. D., ... & 
Townshend, J. R. (2015). Habitat fragmentation and its lasting impact on Earth's ecosystems. Science 
Advances, 1(2), e1500052. 
[22] Hellmann, J. J., Byers, J. E., Bierwagen, B. G., & Dukes, J. S. (2008). Five potential consequences 
of climate change for invasive species. Conservation biology, 22(3), 534-543. 
[23] Noyes, P. D., McElwee, M. K., Miller, H. D., Clark, B. W., Van Tiem, L. A., Walcott, K. C., ... & 
Levin, E. D. (2009). The toxicology of climate change: environmental contaminants in a warming 
world. Environment international, 35(6), 971-986. 
[24] Brander, K. M. (2007). Global fish production and climate change. Proceedings of the National 
Academy of Sciences, 104(50), 19709-19714. 



JuniKhyat(जूनीƥात)      ISSN: 2278-4632 
(UGC Care Group I Listed Journal)     Vol-14, Issue-9, No.01,September: 2024 
 
 

Page | 76                                                                                                       Copyright @ 2024 Author 

[25] Hoegh-Guldberg, O., Poloczanska, E. S., Skirving, W., & Dove, S. (2017). Coral reef ecosystems 
under climate change and ocean acidification. Frontiers in Marine Science, 4, 158. 
[26] Foster, P. (2001). The potential negative impacts of global climate change on tropical montane 
cloud forests. Earth-Science Reviews, 55(1-2), 73-106. 
[27] Ward, R. D., Friess, D. A., Day, R. H., &MacKenzie, R. A. (2016). Impacts of climate change on 
mangrove ecosystems: a region by region overview. Ecosystem Health and Sustainability, 2(4), e01211. 
[28] Grabherr, G., Gottfried, M., & Pauli, H. (2010). Climate change impacts in alpine environments. 
Geography Compass, 4(8), 1133-1153. 
[29] Orth, R. J., Carruthers, T. J., Dennison, W. C., Duarte, C. M., Fourqurean, J. W., Heck, K. L., ... & 
Short, F. T. (2006). A global crisis for seagrass ecosystems. Bioscience, 56(12), 987-996. 
[30] Post, E., Bhatt, U. S., Bitz, C. M., Brodie, J. F., Fulton, T. L., Hebblewhite, M., ... & Walker, D. A. 
(2013). Ecological consequences of sea-ice decline. Science, 341(6145), 519-524. 
[31] Williams, S. E., Shoo, L. P., Isaac, J. L., Hoffmann, A. A., & Langham, G. (2008). Towards an 
integrated framework for assessing the vulnerability of species to climate change. PLoS biology, 6(12), 
e325. 
[32] Descamps, S., Aars, J., Fuglei, E., Kovacs, K. M., Lydersen, C., Pavlova, O., ... & Strøm, H. 
(2017). Climate change impacts on wildlife in a High Arctic archipelago–Svalbard, Norway. Global 
Change Biology, 23(2), 490-502. 
[33] Robinson, R. A., Crick, H. Q., Learmonth, J. A., Maclean, I. M., Thomas, C. D., Bairlein, F., ... & 
Visser, M. E. (2009). Travelling through a warming world: climate change and migratory species. 
Endangered Species Research, 7(2), 87-99. 
[34] Wake, D. B., & Vredenburg, V. T. (2008). Are we in the midst of the sixth mass extinction? A view 
from the world of amphibians. Proceedings of the National Academy of Sciences, 105(Supplement 1), 
11466-11473. 
[35] Janzen, F. J., & Phillips, P. C. (2006). Exploring the evolution of environmental sex determination, 
especially in reptiles. Journal of Evolutionary Biology, 19(6), 1775-1784. 
[36] Kroeker, K. J., Kordas, R. L., Crim, R., Hendriks, I. E., Ramajo, L., Singh, G. S., ... & Gattuso, J. P. 
(2013). Impacts of ocean acidification on marine organisms: quantifying sensitivities and interaction 
with warming. Global change biology, 19(6), 1884-1896. 
[37] Morris, W. F., Pfister, C. A., Tuljapurkar, S., Haridas, C. V., Boggs, C. L., Boyce, M. S., ... & 
Menges, E. S. (2008). Longevity can buffer plant and animal populations against changing climatic 
variability. Ecology, 89(1), 19-25. 
[38] Kharouba, H. M., Ehrlén, J., Gelman, A., Bolmgren, K., Allen, J. M., Travers, S. E., &Wolkovich, 
E. M. (2018). Global shifts in the phenological synchrony of species interactions over recent decades. 
Proceedings of the National Academy of Sciences, 115(20), 5211-5216. 
[39] Visser, M. E., Holleman, L. J., & Gienapp, P. (2006). Shifts in caterpillar biomass phenology due to 
climate change and its impact on the breeding biology of an insectivorous bird. Oecologia, 147(1), 164-
172. 
[40] Post, E., & Forchhammer, M. C. (2008). Climate change reduces reproductive success of an Arctic 
herbivore through trophic mismatch. Philosophical Transactions of the Royal Society B: Biological 
Sciences, 363(1501), 2367-2373. 
[41] Parmesan, C. (2007). Influences of species, latitudes and methodologies on estimates of 
phenological response to global warming. Global Change Biology, 13(9), 1860-1872. 
[42] Beaugrand, G., Brander, K. M., Lindley, J. A., Souissi, S., & Reid, P. C. (2003). Plankton effect on 
cod recruitment in the North Sea. Nature, 426(6967), 661-664. 



JuniKhyat(जूनीƥात)      ISSN: 2278-4632 
(UGC Care Group I Listed Journal)     Vol-14, Issue-9, No.01,September: 2024 
 
 

Page | 77                                                                                                       Copyright @ 2024 Author 

[43] Both, C., Bouwhuis, S., Lessells, C. M., & Visser, M. E. (2006). Climate change and population 
declines in a long-distance migratory bird. Nature, 441(7089), 81-83. 
[44] Alexander, J. M., Diez, J. M., & Levine, J. M. (2015). Novel competitors shape species' responses 
to climate change. Nature, 525(7570), 515-518. 
[45] Perry, A. L., Low, P. J., Ellis, J. R., & Reynolds, J. D. (2005). Climate change and distribution 
shifts in marine fishes. Science, 308(5730), 1912-1915. 
[46] Bentz, B. J., Régnière, J., Fettig, C. J., Hansen, E. M., Hayes, J. L., Hicke, J. A., ... & Seybold, S. J. 
(2010). Climate change and bark beetles of the western United States and Canada: direct and indirect 
effects. BioScience, 60(8), 602-613. 
[47] Steinbauer, M. J., Grytnes, J. A., Jurasinski, G., Kulonen, A., Lenoir, J., Pauli, H., ... & Wipf, S. 
(2018). Accelerated increase in plant species richness on mountain summits is linked to warming. 
Nature, 556(7700), 231-234. 
[48] Bebber, D. P., Ramotowski, M. A., & Gurr, S. J. (2013). Crop pests and pathogens move polewards 
in a warming world. Nature Climate Change, 3(11), 985-988. 
[49] Beaugrand, G., Reid, P. C., Ibanez, F., Lindley, J. A., & Edwards, M. (2002). Reorganization of 
North Atlantic marine copepod biodiversity and climate. Science, 296(5573), 1692-1694. 
[50] Nemani, R. R., Keeling, C. D., Hashimoto, H., Jolly, W. M., Piper, S. C., Tucker, C. J., ... & 
Running, S. W. (2003). Climate-driven increases in global terrestrial net primary production from 1982 
to 1999. Science, 300(5625), 1560-1563. 
[51] Bai, E., Li, S., Xu, W., Li, W., Dai, W., & Jiang, P. (2013). A meta‐analysis of experimental 
warming effects on terrestrial nitrogen pools and dynamics. New Phytologist, 199(2), 441-451. 
[52] Friedlingstein, P., Cox, P., Betts, R., Bopp, L., Von Bloh, W., Brovkin, V., ... & Zeng, N. (2006). 
Climate–carbon cycle feedback analysis: results from the C4MIP model intercomparison. Journal of 
Climate, 19(14), 3337-3353. 
[53] Davidson, E. A., & Janssens, I. A. (2006). Temperature sensitivity of soil carbon decomposition 
and feedbacks to climate change. Nature, 440(7081), 165-173. 
[54] Huntington, T. G. (2006). Evidence for intensification of the global water cycle: review and 
synthesis. Journal of Hydrology, 319(1-4), 83-95. 
[55] Memmott, J., Craze, P. G., Waser, N. M., & Price, M. V. (2007). Global warming and the 
disruption of plant–pollinator interactions. Ecology letters, 10(8), 710-717. 
[56] IPCC. (2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and 
III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 
[57] Hoegh-Guldberg, O., Jacob, D., Taylor, M., Bindi, M., Brown, S., Camilloni, I., ... & Zhou, G. 
(2018). Impacts of 1.5°C global warming on natural and human systems. 
[58] Chadburn, S. E., Burke, E. J., Cox, P. M., Friedlingstein, P., Hugelius, G., & Westermann, S. 
(2017). An observation-based constraint on permafrost loss as a function of global warming. Nature 
Climate Change, 7(5), 340-344. 
[59] Nobre, C. A., Sampaio, G., Borma, L. S., Castilla-Rubio, J. C., Silva, J. S., & Cardoso, M. (2016). 
Land-use and climate change risks in the Amazon and the need of a novel sustainable development 
paradigm. Proceedings of the National Academy of Sciences, 113(39), 10759-10768. 
[60] Engler, R., Randin, C. F., Thuiller, W., Dullinger, S., Zimmermann, N. E., Araújo, M. B., ... 
&Guisan, A. (2011). 21st century climate change threatens mountain flora unequally across Europe. 
Global Change Biology, 17(7), 2330-2341. 
[61] Craft, C., Clough, J., Ehman, J., Joye, S., Park, R., Pennings, S., ... &Machmuller, M. (2009). 
Forecasting the effects of accelerated sea‐level rise on tidal marsh ecosystem services. Frontiers in 
Ecology and the Environment, 7(2), 73-78. 



JuniKhyat(जूनीƥात)      ISSN: 2278-4632 
(UGC Care Group I Listed Journal)     Vol-14, Issue-9, No.01,September: 2024 
 
 

Page | 78                                                                                                       Copyright @ 2024 Author 

[62] Gauthier, S., Bernier, P., Kuuluvainen, T., Shvidenko, A. Z., &Schepaschenko, D. G. (2015). 
Boreal forest health and global change. Science, 349(6250), 819-822. 
[63] Urban, M. C. (2015). Accelerating extinction risk from climate change. Science, 348(6234), 571-
573. 
[64] Warren, R., Price, J., Graham, E., Forstenhaeusler, N., & VanDerWal, J. (2018). The projected 
effect on insects, vertebrates, and plants of limiting global warming to 1.5 C rather than 2 C. Science, 
360(6390), 791-795. 
[65] Pacifici, M., Visconti, P., Butchart, S. H., Watson, J. E., Cassola, F. M., &Rondinini, C. (2017). 
Species' traits influenced their response to recent climate change. Nature Climate Change, 7(3), 205-208. 
[66] Foden, W. B., Butchart, S. H., Stuart, S. N., Vié, J. C., Akçakaya, H. R., Angulo, A., ... & Mace, G. 
M. (2013). Identifying the world's most climate change vulnerable species: a systematic trait-based 
assessment of all birds, amphibians and corals. PloS one, 8(6), e65427. 
[67] Bastin, J. F., Finegold, Y., Garcia, C., Mollicone, D., Rezende, M., Routh, D., ... & Crowther, T. W. 
(2019). The global tree restoration potential. Science, 365(6448), 76-79. 
[68] Moomaw, W. R., Chmura, G. L., Davies, G. T., Finlayson, C. M., Middleton, B. A., Natali, S. M., 
... & Sutton-Grier, A. E. (2018). Wetlands in a changing climate: science, policy and management. 
Wetlands, 38(2), 183-205. 
[69] Lal, R. (2004). Soil carbon sequestration impacts on global climate change and food security. 
Science, 304(5677), 1623-1627. 
[70] Roberts, C. M., O'Leary, B. C., McCauley, D. J., Cury, P. M., Duarte, C. M., Lubchenco, J., ... & 
Worm, B. (2017). Marine reserves can mitigate and promote adaptation to climate change. Proceedings 
of the National Academy of Sciences, 114(24), 6167-6175. 
[71] Filazzola, A., Shrestha, N., & MacIvor, J. S. (2019). The contribution of constructed green 
infrastructure to urban biodiversity: A synthesis and meta‐analysis. Journal of Applied Ecology, 56(9), 
2131-2143. 
[72] Alongi, D. M. (2008). Mangrove forests: resilience, protection from tsunamis, and responses to 
global climate change. Estuarine, Coastal and Shelf Science, 76(1), 1-13. 
[73] Rinkevich, B. (2014). Rebuilding coral reefs: does active reef restoration lead to sustainable reefs? 
Current Opinion in Environmental Sustainability, 7, 28-36. 
[74] Opperman, J. J., Galloway, G. E., Fargione, J., Mount, J. F., Richter, B. D., & Secchi, S. (2009). 
Sustainable floodplains through large-scale reconnection to rivers. Science, 326(5959), 1487-1488. 
[75] Mbow, C., Smith, P., Skole, D., Duguma, L., & Bustamante, M. (2014). Achieving mitigation and 
adaptation to climate change through sustainable agroforestry practices in Africa. Current Opinion in 
Environmental Sustainability, 6, 8-14. 
[76] Gill, S. E., Handley, J. F., Ennos, A. R., &Pauleit, S. (2007). Adapting cities for climate change: the 
role of the green infrastructure. Built Environment, 33(1), 115-133. 
[77] Hannah, L., Midgley, G., Andelman, S., Araújo, M., Hughes, G., Martinez-Meyer, E., ... & 
Williams, P. (2007). Protected area needs in a changing climate. Frontiers in Ecology and the 
Environment, 5(3), 131-138. 
[78] Krosby, M., Tewksbury, J., Haddad, N. M., & Hoekstra, J. (2010). Ecological connectivity for a 
changing climate. Conservation Biology, 24(6), 1686-1689. 
[79] Vasilijević, M., Zunckel, K., McKinney, M., Erg, B., Schoon, M., & Rosen Michel, T. (2015). 
Transboundary Conservation: A systematic and integrated approach. IUCN. 
[80] Alagador, D., Cerdeira, J. O., & Araújo, M. B. (2014). Shifting protected areas: scheduling spatial 
priorities under climate change. Journal of Applied Ecology, 51(3), 703-713. 



JuniKhyat(जूनीƥात)      ISSN: 2278-4632 
(UGC Care Group I Listed Journal)     Vol-14, Issue-9, No.01,September: 2024 
 
 

Page | 79                                                                                                       Copyright @ 2024 Author 

[81] Morelli, T. L., Daly, C., Dobrowski, S. Z., Dulen, D. M., Ebersole, J. L., Jackson, S. T., ... 
&Beissinger, S. R. (2016). Managing climate change refugia for climate adaptation. PLoS One, 11(8), 
e0159909. 
[82] Willis, S. G., Hill, J. K., Thomas, C. D., Roy, D. B., Fox, R., Blakeley, D. S., & Huntley, B. (2009). 
Assisted colonization in a changing climate: a test‐study using two UK butterflies. Conservation Letters, 
2(1), 46-52. 
[83] Corlett, R. T. (2016). Plant diversity in a changing world: status, trends, and conservation needs. 
Plant Diversity, 38(1), 10-16. 
[84] Johnson, W. E., Onorato, D. P., Roelke, M. E., Land, E. D., Cunningham, M., Belden, R. C., ... & 
O'Brien, S. J. (2010). Genetic restoration of the Florida panther. Science, 329(5999), 1641-1645. 
[85] Null, S. E., Medellín-Azuara, J., Escriva-Bou, A., Lent, M., & Lund, J. R. (2014). Optimizing the 
dammed: Water supply losses and fish habitat gains from dam removal in California. Journal of 
Environmental Management, 136, 121-131. 
[86] Hellmann, J. J., Byers, J. E., Bierwagen, B. G., & Dukes, J. S. (2008). Five potential consequences 
of climate change for invasive species. Conservation Biology, 22(3), 534-543. 
[87] Reed, J., Van Vianen, J., Deakin, E. L., Barlow, J., & Sunderland, T. (2016). Integrated landscape 
approaches to managing social and environmental issues in the tropics: learning from the past to guide 
the future. Global Change Biology, 22(7), 2540-2554. 
[88] Martínez-Harms, M. J., & Balvanera, P. (2012). Methods for mapping ecosystem service supply: a 
review. International Journal of Biodiversity Science, Ecosystem Services & Management, 8(1-2), 17-
25. 
[89] DeFries, R. S., Foley, J. A., & Asner, G. P. (2004). Land‐use choices: Balancing human needs and 
ecosystem function. Frontiers in Ecology and the Environment, 2(5), 249-257. 
[90] Tittonell, P. (2014). Ecological intensification of agriculture—sustainable by nature. Current 
Opinion in Environmental Sustainability, 8, 53-61. 
[91] Wunder, S., Engel, S., & Pagiola, S. (2008). Taking stock: A comparative analysis of payments for 
environmental services programs in developed and developing countries. Ecological Economics, 65(4), 
834-852. 


