BIODIVERSITY

Reports

AN INTERNATIONAL JOURNAL

BIODIVERSITY REPORTS

Journal homepage: https://biodiversity.crcjournals.org/ [ '.) Check for updates

Review Article

Climate Change and Biodiversity Resilience through Ecological Adaptation,
Conservation and Community-Based Environmental Management

Jelang Jelku D. Sangma"*’

IDepartment of Food Science and Nutrition, University of Agricultural Sciences, GKVK, Bangalore, Karnataka - 560065, India
’Department of Food Science and Nutrition, Eudoxia Research, University, 256 Chapman Road STE 105-4, New Castle, USA
’ICSSR at College of Community Science, Central Agricultural University (Imphal), Tura, Meghalaya - 794005, India

Received 04 March 2026 | Revised 02 April 2026 | Accepted 07 May 2026 | Available Online June 06, 2026
*Corresponding Author: Jelang Jelku D. Sangma | Email Address: jelang.jelku3@gmail.com

Citation: Jelang Jelku D. Sangma (2026). Climate Change and Biodiversity Resilience through Ecological Adaptation,
Conservation and Community-Based Environmental Management. Biodiversity Reports An International Journal.
DOI: https://doi.org/10.51470/BDR.2026.05.01.26

Abstract

Climate change is increasingly recognized as a major driver of biodiversity loss, ecosystem degradation and ecological instability. Rising
temperatures, altered precipitation patterns, extreme weather events, sea-level rise, ocean warming and changing disturbance regimes
are affecting species distributions, reproductive cycles, migration, community composition and ecosystem functioning. Biodiversity
resilience refers to the capacity of species, populations and ecosystems to absorb environmental disturbances, adapt to changing
conditions and maintain essential ecological functions. Building such resilience requires an integrated approach combining ecological
adaptation, habitat conservation, ecosystem restoration and meaningful participation of local communities. Ecological adaptation may
occur through physiological acclimatization, behavioural plasticity, phenological adjustment, range shifts and evolutionary responses.
Conservation strategies such as protected areas, ecological corridors, habitat restoration, assisted regeneration and genetic
conservation can reduce climate-related risks. At the same time, community-based environmental management can strengthen
conservation outcomes by integrating local ecological knowledge, sustainable resource use and community stewardship. This review
discusses the major impacts of climate change on biodiversity, mechanisms of ecological resilience, conservation approaches and the role
of communities in climate adaptation. It also highlights the importance of biotechnology, ecological monitoring and nature-based

solutions in strengthening biodiversity resilience under future environmental change.
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1.Introduction

Biodiversity represents the diversity of genes, species and
ecosystems that collectively support the functioning and
stability of the natural environment. It provides essential
ecosystem services, including pollination, nutrient cycling, soil
formation, water purification, carbon storage, climate
regulation and the provision of food, medicines and other
biological resources. However, biodiversity is increasingly
threatened by habitat destruction, pollution, invasive species,
overexploitation and climate change. Among these pressures,
climate change has become particularly important because it
can simultaneously influence physical environmental
conditions and biological processes across terrestrial,
freshwater and marine ecosystems. The global climate is
changing through increasing atmospheric concentrations of
greenhouse gases, resulting primarily from anthropogenic
activities. Increasing temperatures are accompanied by changes
in precipitation, more frequent and intense heatwaves,
droughts, floods, storms, wildfires and other extreme events.
These changes can modify the environmental conditions under
which species survive and reproduce.

The Intergovernmental Panel on Climate Change has identified
climate change as a major threat to ecosystems and biodiversity,
with risks increasing as global warming intensifies [1].
Speciesrespond to climate change through several mechanisms.
Some species can adjust their physiology or behaviour, while
others modify their seasonal activities or geographic
distributions. For example, changes in temperature may alter
flowering, breeding, migration and hibernation periods. Species
with narrow climatic niches, restricted geographic ranges or
limited dispersal abilities may be particularly vulnerable.
Climate change can also disrupt interactions among species,
including predator-prey relationships, plant-pollinator
interactions and host-parasite associations. Biodiversity
resilience is therefore becoming an important concept in
conservation biology and environmental management. A
resilient ecosystem is not necessarily one that remains
unchanged; rather, it is capable of absorbing disturbances while
maintaining its fundamental structure, ecological processes and
functions. High biodiversity can contribute to resilience because
species with different ecological characteristics may respond
differently to environmental disturbances.
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Such functional diversity can provide ecological redundancy,
allowing some species to compensate when others decline.
Conservation approaches must consequently move beyond
protecting individual species toward maintaining ecological
processes, habitat connectivity and ecosystem integrity.
Protected areas remain important, but climate change requires
conservation systems capable of accommodating changing
species distributions. Ecological corridors can facilitate
movement between suitable habitats, while ecosystem
restoration can improve habitat quality and increase adaptive
capacity. Nature-based solutions, including wetland restoration,
forest conservation and mangrove rehabilitation, can
simultaneously support biodiversity and climate adaptation.
Human communities are also integral to biodiversity
conservation. Millions of people depend directly on forests,
grasslands, wetlands, rivers, coastal environments and other
ecosystems for food, water, livelihoods and cultural values.
Consequently, climate adaptation and biodiversity conservation
cannot be separated from social and economic considerations.
Community-based environmental management can combine
scientific knowledge with local ecological knowledge and
encourage sustainable use of natural resources.

The objective of this review is to examine the relationship
between climate change and biodiversity resilience,
emphasizing ecological adaptation, conservation strategies and
community-based environmental management. The review
also considers emerging approaches that can strengthen
ecosystem resilience and contribute to long-term
environmental sustainability.

Table 1. Major climate-related pressures and their potential effects on biodiversity
Climate-related pressure
Rising temperature
Altered precipitation
Heatwaves Acute thermal stress
Wildfires
Sea-level rise
Ocean warming
Ocean acidification
Extreme storms

3.Ecological Adaptation and Biodiversity Resilience
Ecological adaptation involves changes that allow organisms or
ecological communities to persist under environmental
conditions. Responses to climate change can occur over
different timescales and may involve physiological, behavioural,
phenological and evolutionary mechanisms.

3.1 Physiological adaptation

Organisms can modify physiological processes in response to
temperature and water availability. Some animals can alter
metabolic activity, thermal tolerance or water-conservation
mechanisms. Plants may modify stomatal behaviour, root
development and water-use efficiency under drought
conditions. However, physiological plasticity has limits. If
environmental conditions change beyond the tolerance range of
a species, acclimatization may not be sufficient to prevent
population decline.

3.2 Behavioural adaptation

Behavioural flexibility allows animals to respond relatively
rapidly to changing environmental conditions. Changes in
feeding times, migration routes, shelter selection and activity
periods canreduce exposure to climatic stress.

Major ecological effect
Physiological stress and altered phenology
Drought, flooding and water stress

Habitat loss and vegetation change
Coastal habitat inundation
Thermal stress and altered productivity
Reduced calcification in sensitive organisms
Physical habitat disturbance
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2.Climate Change as a Driver of Biodiversity Change

Climate change affects biodiversity through both direct and
indirect pathways. Temperature is one of the most important
environmental variables influencing species distributions and
physiological performance. Many organisms have relatively
narrow thermal limits, and temperatures beyond these limits
canreduce growth, reproduction and survival. Climate warming
can therefore result in range contractions, particularly for
species occurring near their upper thermal limits. Changes in
precipitation can have equally important effects. Prolonged
drought can reduce water availability and vegetation
productivity, whereas intense rainfall and flooding can cause
habitat destruction and soil erosion. Altered precipitation
regimes can also influence freshwater availability and aquatic
ecosystem functioning.

Extreme climatic events may have particularly severe
consequences because they can cause sudden population
declines. Heatwaves, wildfires, hurricanes, floods and droughts
can eliminate habitats or temporarily exceed the adaptive
capacity of organisms. Repeated extreme events may prevent
ecosystems from recovering between disturbances. Climate
change also affects species interactions. A change in the
abundance or distribution of one species can influence
numerous other organisms within an ecological network. For
example, shifts in flowering periods may cause temporal
mismatches between plants and pollinators. Changes in prey
availability can subsequently affect predators. Such indirect
effects can produce ecological changes extending beyond the
species directly exposed to climatic stress.

Potential biodiversity consequence
Range shifts and population decline
Habitat degradation and species displacement
Mortality and reproductive failure
Community restructuring
Loss of wetlands and coastal biodiversity
Changes in marine species distribution
Impacts on marine food webs
Population fragmentation and mortality

Nocturnal activity, for example, may increase during periods of
extreme daytime temperatures.

3.3 Phenological adaptation

Climate change can alter the timing of biological events. Earlier
flowering, changes in insect emergence and shifts in bird
migration have been documented in different ecosystems.
Although phenological adjustment can reduce some climate-
related risks, mismatches between interacting species may
generate new ecological problems.

3.4 Range shifts

Species may track suitable climatic conditions by shifting their
geographic distributions toward higher elevations, higher
latitudes or other climatically favourable areas. The ability to
move depends on dispersal capacity and landscape connectivity.
Fragmented landscapes can prevent species from reaching
newly suitable habitats.

3.5 Evolutionary adaptation

Long-term climate change can impose selection pressures that
favour individuals with traits suited to new environmental
conditions. However, evolutionary adaptation requires
sufficient genetic variation and reproductive capacity.

https://biodiversity.crcjournals.org/

27.


https://biodiversity.crcjournals.org/
https://biodiversity.crcjournals.org/
https://biodiversity.crcjournals.org/
https://biodiversity.crcjournals.org/

Jelang Jelku D. Sangma., (2026)

Biodiversity Reports An International Journal

Rapid environmental change may occur faster than populations can evolve, particularly in long-lived species.
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Figure 1. Integrated framework for strengthening biodiversity resilience under climate change
through ecological adaptation, conservation and community-based environmental management.

Figure 1 presents a conceptual framework illustrating how
climate change influences biodiversity and how ecological
adaptation, conservation interventions and community-based
environmental management can collectively strengthen
biodiversity resilience. Climate-related pressures such as
increasing temperature, altered precipitation, droughts, floods,
extreme weather events, sea-level rise and ocean warming can
produce habitat degradation, species range shifts, population
declines, phenological changes and disruption of ecological
interactions. These pressures can reduce ecosystem stability
and ecological functions.

4.Biodiversity and Ecosystem Resilience

Biodiversity contributes to ecosystem resilience through
species complementarity, functional redundancy and ecological
interactions. Ecosystems containing multiple species
performing similar ecological functions may be better able to
maintain processes when individual species decline. For
example, diverse plant communities can improve ecosystem
resistance to drought because species differ in rooting depth,
water-use strategies and seasonal activity. Similarly, diverse soil
microbial communities contribute to nutrient cycling under
variable environmental conditions. Functional diversity is
particularly important. The presence of species with different
ecological traits can increase the range of environmental
conditions thatan ecosystem can tolerate.

Therefore, conservation should focus not only on species
numbers but also on maintaining functional groups and
ecological interactions. Healthy ecosystems can also contribute
to climate regulation. Forests, wetlands, grasslands, mangroves
and marine ecosystems store substantial amounts of carbon.
Their degradation can release carbon into the atmosphere,
whereas conservation and restoration can support both
biodiversity and climate mitigation.

5. Conservation Strategies for Climate-Resilient
Biodiversity

5.1Protected areas

Protected areas remain fundamental to biodiversity
conservation. They provide refuges from habitat destruction,
overexploitation and other anthropogenic pressures. However,
fixed protected-area boundaries may become less effective
when species distributions shift under climate change.
Conservation planning should therefore incorporate future
climate projections and potential habitat shifts.

5.2 Ecological corridors

Ecological corridors connect fragmented habitats and facilitate
movement of organisms between populations. Connectivity can
promote gene flow, recolonization and range expansion.
Corridors are especially important when species need to move
inresponse to changing climatic conditions.
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5.3 Climate refugia

Climate refugia are areas where local environmental conditions
remain relatively favourable despite broader climatic changes.
Mountain valleys, deep forests, wetlands and coastal areas can
sometimes provide localized climatic refuges. Identifying and
protecting these areas can help vulnerable populations persist.

5.4 Ecosystemrestoration

Restoration can increase ecosystem resilience by recovering
native vegetation, improving soil structure, restoring
hydrological processes and reconnecting fragmented habitats.
Restoration of degraded forests, wetlands, rivers, grasslands
and coastal ecosystems can provide simultaneous benefits for
biodiversity and climate adaptation.

5.5 Geneticconservation

Genetic diversity is essential for long-term adaptive capacity.
Seed banks, germplasm collections, captive breeding and
cryopreservation can help conserve genetic resources of
threatened species. In-situ conservation remains particularly
important because it allows populations to continue adapting
within natural environments.

6. Community-Based Environmental Management
Biodiversity conservation is most effective when local
communities are recognized as important stakeholders and
knowledge holders. Community-based environmental
management involves local participation in decision-making,
resource management, monitoring and conservation activities.
Local communities often possess detailed knowledge regarding
seasonal changes, wildlife behaviour, plant resources, water
availability and ecosystem dynamics. Integrating this
knowledge with scientific monitoring can improve
environmental decision-making. Community participation can
also increase compliance with conservation measures. When
local people receive tangible benefits from ecosystem
conservation, incentives for sustainable resource management
can increase. Such benefits may include sustainable agriculture,
ecotourism, non-timber forest products, restoration
employment and payments for ecosystem services. However,
community-based conservation requires equitable governance.
Participation should notbe merely symbolic. Local communities
should have meaningful opportunities to influence decisions,
access benefits and participate in monitoring and evaluation.

7.Role of Biotechnology and Modern Monitoring

Emerging technologies can strengthen biodiversity monitoring
and climate adaptation. Environmental DNA can be used to
detect species from water, soil and other environmental
samples, providing a non-invasive approach to biodiversity
assessment. DNA barcoding can support species identification,
particularly when morphological identification is difficult.
Remote sensing and satellite imagery can monitor vegetation
change, habitat fragmentation, forest loss, wetland degradation
and ecosystem recovery. Camera traps and acoustic monitoring
can provide information about wildlife distribution and
behaviour. Artificial intelligence and machine-learning tools are
increasingly being used to analyze large ecological datasets.
Automated species recognition, habitat classification and
population modelling can improve the efficiency of biodiversity
monitoring. These approaches are particularly valuable when
combined with field observations and community-based
monitoring.
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Technology should complement rather than replace local
ecological knowledge and direct ecological assessment.

8.Nature-Based Solutions and Ecosystem Restoration
Nature-based solutions use natural processes and ecosystems
to address environmental and societal challenges. Forest
restoration, mangrove conservation, wetland rehabilitation,
urban green infrastructure and watershed restoration can
reduce climate risks while supporting biodiversity. Mangroves,
for example, provide coastal protection, carbon storage and
nursery habitats for aquatic organisms. Wetlands can regulate
water flow, store carbon and support diverse plant and animal
communities. Urban green spaces can reduce heat exposure
while providing habitat for birds, insects and other organisms.
However, nature-based solutions should be designed according
to local ecological conditions. Introducing inappropriate
species or establishing monoculture plantations may provide
limited biodiversity benefits. Restoration should prioritize
native species, ecological processes and long-term ecosystem
functioning.

9.Challenges and Future Perspectives

Despite growing recognition of biodiversity resilience, several
challenges remain. Climate change interacts with habitat loss,
pollution, invasive species and overexploitation, creating
multiple simultaneous pressures. Conservation strategies
designed to address a single threat may therefore be
insufficient. Another challenge is the uncertainty associated
with future climate conditions. Conservation planning should
consequently use flexible and adaptive approaches rather than
relying on a single predicted future. Regular monitoring and
adjustment of management strategies are essential. Greater
integration between ecological science and social science is also
required. Biodiversity conservation affects livelihoods, food
security, cultural practices and local economies. Socially
equitable conservation strategies are more likely to achieve
durable outcomes. Future biodiversity management should
emphasize landscape connectivity, ecosystem restoration,
genetic diversity, climate refugia, community participation and
evidence-based adaptive management. International
cooperation will also be necessary because many species
migrate across political boundaries and climate-related impacts
occur atregional and global scales.

10. Conclusion

Climate change is fundamentally altering the environmental
conditions that supportbiodiversity and ecosystem functioning.
Rising temperatures, altered precipitation, extreme events,
habitat shifts and changes in species interactions can reduce
ecological stability and increase extinction risks. Strengthening
biodiversity resilience therefore requires an integrated
approach that combines ecological adaptation, habitat
conservation, restoration, connectivity and community
participation. Protected areas remain essential, but they must
be complemented by ecological corridors, climate refugia,
genetic conservation and landscape-scale restoration.
Community-based environmental management can further
strengthen conservation by incorporating local knowledge,
sustainable livelihoods and shared stewardship. Biotechnology,
environmental DNA, remote sensing and artificial intelligence
provide additional opportunities for monitoring biodiversity
and identifying emerging environmental threats.
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Ultimately, biodiversity resilience depends on maintaining
healthy ecosystems while enabling species and communities to
adapt to environmental change. Conservation strategies that
integrate ecological science, technological innovation and social
participation can contribute substantially to climate adaptation,
ecosystem stability and long-term environmental sustainability.

References

1.

Chong, ]J. (2014). Ecosystem-based approaches to climate
change adaptation: progress and challenges. International
Environmental Agreements: Politics, Law and Economics,
14(4),391-405.

Reid, H. (2016). Ecosystem-and community-based
adaptation: learning from community-based natural
resource management. Climate and development, 8(1), 4-9.
Bera, M., & Nag, P. K. (2025). Integrated natural resource
management and sustainable livelihoods: A review of
ecosystem-based approaches for sustainability and
community resilience. Agricultural & Rural Studies, 3(3), 23-
23.

Kupika, O. L., Gandiwa, E., Nhamo, G., & Kativu, S. (2019). Local
Ecological Knowledge on Climate Change and
Ecosystem-Based Adaptation Strategies Promote Resilience
in the Middle Zambezi Biosphere Reserve, Zimbabwe.
Scientifica,2019(1),3069254.

Zafar, S., Zafar Khan, M., Mehmood, T, Begum, F, & Sadiqg, M.
(2023). Role of community-based conservation and natural
resource management in building climate resilience among
vulnerable mountain societies. Climate and development,
15(7),608-621.

Owusu Danquah, Eric, Felix Frimpong, Samuel Boadji, Clement
Oppong Peprah, Jeannette Aduhene-Chinbuah, Patrick
Opoku, Frank Osei Danquah et al. "Forest and biodiversity
conservation for food and livelihood security: a review of
opportunities and challenges of community-based
approaches." Frontiers in Forests and Global Change 9 (2026):
1890643.

10.

11.

12.

13.

Biodiversity Reports An International Journal

Westerman, K., Oleson, K. L., & Harris, A. R. (2012). Building
socio-ecological resilience to climate change through
community-based coastal conservation and development:
Experiences in southern Madagascar. Western Indian Ocean
Journal of Marine Science, 11(1),87-97.

Ahmed, N., Bunting, S. W,, Rahman, S., & Garforth, C.]. (2014).
Community-based climate change adaptation strategies for
integrated prawn-fish-rice farming in B angladesh to
promote social-ecological resilience. Reviews in Aquaculture,
6(1),20-35.

Delgado-Serrano, M. D. M., Oteros-Rozas, E., Ruiz-Mallén, L.,
Calvo-Boyero, D., Ortiz-Guerrero, C. E., Escalante-Semerena,
R. I, & Corbera, E. (2018). Influence of community-based
natural resource management strategies in the resilience of
social-ecological systems: M. del Mar Delgado-Serrano et al.
Regional environmental change, 18(2),581-592.

Ensor, J. E,, Park, S. E., Attwood, S. ]J.,, Kaminski, A. M., &
Johnson, J. E. (2018). Can community-based adaptation
increase resilience?. Climate and Development, 10(2), 134-
151.

Bardosh, K. L, Ryan, S. ], Ebi, K, Welburn, S., & Singer, B.
(2017). Addressing vulnerability, building resilience:
community-based adaptation to vector-borne diseases in the
context of global change. Infectious diseases of poverty, 6(1),
166.

Armitage, D. (2005). Adaptive Capacity and Community-
Based Natural Resource Management: D. Armitage.
Environmental management, 35(6),703-715.

Nepal, F., & Satdobato, L. (2009). Agro-biodiversity
management: an opportunity for mainstreaming
community-based adaptation to climate change. Journal of
forestand livelihood, 8, 1.

https://biodiversity.crcjournals.org/

30.


https://biodiversity.crcjournals.org/
https://biodiversity.crcjournals.org/
https://biodiversity.crcjournals.org/
https://biodiversity.crcjournals.org/

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

