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Abstract: As climate change intensifies, its impact on ecosystems has become increasingly
severe, threatening the survival of various species and leading to habitat destruction,
biodiversity loss, and ecosystem degradation. Biodiversity, encompassing the variety of life
on Earth, plays a critical role in maintaining ecosystem stability, buffering against the effects
of climate change, and enhancing ecosystem resilience. This study explores the multifaceted
role of biodiversity in supporting ecosystem functionality amidst the challenges posed by
climate change. By reviewing existing literature and case studies across different ecosystems,
this research highlights biodiversity facilitates nutrient cycling and energy flow, which
stabilizes the ecosystem, acts as a natural buffer against extreme weather events, and
enhances ecosystem resilience by providing functional redundancy. The findings underscore
the importance of biodiversity conservation as a strategy to mitigate the adverse effects of
climate change and sustain the health and functionality of ecosystems worldwide.
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1. Introduction

Biodiversity refers to various creatures on the earth, which contain different plants, animals, and
microorganisms, as well as the genetic variation within these species and the ecosystem [1].
Nowadays, climate change has caused many problems to the ecosystem. Specifically, climate change
has threatened the survival of terrestrial and aquatic creatures, damaged their habitat, and led to the
depletion of forests, floods, droughts, and land degradation. For instance, the warming of seawater is
causing stress to corals, mainly bleaching, which leads to a mass decline in corals. Additionally, the
fluctuating weather causes issues for soil and humus formation, as well as biomass degradation due
to decreased bacterial activity [2]. As the earth faces increasing pressures from climate change, the
role of biodiversity in protecting ecosystems has never been more critical. This essay explores three
aspects of the role of biodiversity: how biodiversity contributes to ecosystem stability, how it buffers
ecosystems against the impact of climate change, and how biodiversity enhances ecosystem resilience
by reviewing references related to the topic. This essay study can remind people of the importance of
biodiversity in the ecosystem and the necessity for people to protect biodiversity. As climate change
continues to pose significant threats to ecosystems worldwide, the conservation and enhancement of
biodiversity must be prioritized as a key strategy for protecting and sustaining ecosystems in the long
term.

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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2.  Ecosystem Stability

Biodiversity is crucial in maintaining ecological stability by ensuring the continuous operation of
essential ecological processes such as nutrient cycling, productivity, and energy flow [3].

As climate change intensifies, ecosystems are increasingly subjected to stressors such as rising
temperatures, changing precipitation patterns, and more frequent extreme weather events [4].
Biodiversity acts as a natural adjustor against these changes and helps maintain the ecosystem's
stability. To be more specific, scientists have found that in dryland, plant diversity, particularly the
diversity of leaf functional traits (SLA) and species richness, plays a significant role in the process of
stabilizing the ecosystem. As shown in Figure 1, in areas with low aridity, functional diversity was
found to be positively correlated with ecosystem stability, indicated by the variance in SLA [5]. This
indicates that in the low arid environment, a higher diversity in plant resource-use strategies, such as
differences between evergreen and deciduous species, allows ecosystems to respond more flexibly to
environmental fluctuations, thereby enhancing stability.

This functional diversity is vital in the context of climate change because it enables ecosystems to
absorb and adapt to varied climate conditions. For instance, when different plant species within an
ecosystem have various strategies for water usage and nutrient absorbance. This can make the whole
ecosystem more resilient to drought. For example, the Mediterranean Chaparral Ecosystem comprises
a combination of deep-rooted and shallow-rooted plants. Deep-rooted species, like oaks, can access
water stored underground, allowing them to survive even during prolonged dry periods. On the other
hand, shallow-rooted shrubs, such as sagebrush, quickly absorb water from the surface soil during
brief rainfalls [6]. Functional diversity of different species helps to ensure that all species in an
ecosystem are not simultaneously affected by some factors, like climate change, thus maintaining
overall ecosystem function.

The findings from global drylands demonstrate the stabilizing effects of plant diversity on
ecosystem stability and emphasize the importance of biodiversity in building resilience to climate
change. Through the functional diversity in less arid environments, biodiversity provides the
necessary flexibility and redundancy that ecosystems need to adapt to the changing climate.
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Figure 1: This picture shows the relationship between aridity, plant biodiversity, and residual variance
of ecosystem stability from low and high aridity levels [5].
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3.  Climate Change

One of the most significant ways biodiversity acts as a buffer against climate change is by alleviating
the effects of extreme weather events. Diverse ecosystems are more resilient to extreme climates
because they can maintain their functions even under stress [7]. As global warming intensifies, it
leads to the pests' expansion, increased survival during winters, a higher number of generations, and
an elevated risk of invasive species [8]. Some scientists utilize the United States Department of
Agriculture (USDA) and found that forests with higher biodiversity are less likely to be affected by
pests, which shows a dilution effect. This is because some specific pests, like monophagous pests,
only eat one plant species in this scenario. Therefore, they will be affected mainly by biodiversity.
Increasing biodiversity will reduce the frequency of pests meeting with suitable hosts [9].

Similarly, some coastal ecosystems, such as mangroves, are rich in species diversity and provide
habitat for thousands of creatures [10]. Mangroves can act as a buffer to protect the ecosystem against
global warming. For instance, Mauritius, an island nation, is highly affected by the rising sea level
caused by global warming. However, Mauritius is now using mangroves to limit the threat caused by
rising sea levels. Mangroves helped Mauritius absorb the energy of waves, reduce erosion, stabilize
shorelines, and even decrease the impact of tsunamis [11].

Besides, recent research involving 46 experiments in Europe and North America has provided
robust evidence that biodiversity consistently increases the resistance of ecosystem productivity to
climate change, regardless of the event duration. These events were defined over timescales ranging
from 3 months to 24 months, including both brief and intra-annual events and multi-year phenomena.
The findings reveal that ecosystems with higher biodiversity experienced smaller proportional
changes in productivity during these events, which shows the protective role of biodiversity against
the adverse impacts of climate change [12].

In conclusion, biodiversity's protective role against the adverse effects of climate change is evident
across diverse ecosystems. From forests that mitigate pest outbreaks through the dilution effect to
coastal mangroves that shield shorelines from rising seas, biodiversity is key to ensuring they can
withstand and adapt to adverse consequences caused by changing climates. The consistent findings
further underscore the importance of preserving and enhancing biodiversity to serve as a buffer
against climate change.

4. Ecosystem Resilience

Biodiversity plays a significant role in enhancing the resilience of ecosystems, particularly in the face
of the challenges caused by climate change. As global temperatures rise and extreme weather events
become more frequent and severe, the ability of ecosystems to remain stable and recover from
disturbances is increasingly threatened. Through its comprehensive contributions, biodiversity
provides the necessary mechanisms for improving ecosystem resilience.

One of the vital ways biodiversity enhances ecosystem resilience is through the presence of a
diverse array of species that fulfill different ecological roles. Some researchers have grouped all
species based on their ecosystem functions: decomposition, carbon sequestration, pollination, pest
control, and cultural values. The presence of multiple species within these functional groups creates
a 'portfolio' effect, where the overall stability of ecosystem services is maintained even when
individual species fluctuate in abundance due to environmental changes. This redundancy among
species—often referred to as functional redundancy—ensures that ecosystems can continue to
function despite disturbances, thereby enhancing their resilience [13].

Recent analyses of biodiversity trends in Great Britain have revealed important insights into how
different species groups contribute to ecosystem resilience. The study focused on native species
present before 1970, as well as species that have arrived since then, primarily through human
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introduction. The findings indicate that for certain ecosystem functions, such as carbon sequestration
and decomposition, the arrival of new species and the increase in native species have helped offset
the declines in other species [13]. This suggests that these functions remain relatively robust, even in
the face of broader biodiversity declines.

The study also explored the dynamics of species trends within specific functional subgroups,
specifically, bees that pollinate oilseed rape and carabid beetles that provide pest control in wheat.
The results showed no significant difference in the proportion of species showing positive or negative
trends within these subgroups compared to the broader functional groups [13]. This finding suggests
that the overall trends in biodiversity are broadly indicative of the resilience of more specific
ecosystem functions, even under changing environmental conditions.

This study indicates the importance of maintaining biodiversity to enhance ecosystem resilience
against climate change. While some ecosystem functions appear to be relatively resilient due to the
arrival of new species and the increase in certain native species, others, particularly pollination and
pest control, are at greater risk. The reason is that the decline in species richness within these critical
functional groups reduces the portfolio effect and lowers functional redundancy, making these
ecosystems more vulnerable to the impacts of climate change. This case shows the importance of
protecting biodiversity and its role in improving ecosystem resilience.

5. Conclusion

In conclusion, biodiversity is a fundamental key that supports ecosystem stability, acts as a buffer
against the adverse effects of climate change, and enhances the resilience of ecosystems. Specifically,
biodiversity contributes to the robustness of ecosystems by maintaining essential ecological processes,
reducing the impact of extreme weather events, and providing functional redundancy that ensures
ecosystems can recover from disturbances. Through various examples, such as the stabilizing effect
of plant diversity in drylands, the role of mangroves in protecting coastal regions, and the resilience
of ecosystem functions in Great Britain, it is clear that preserving biodiversity is crucial for sustaining
the health and functionality of our planet’s ecosystems.

However, there is a limitation in that the examples and studies discussed focused on specific
regions and ecosystems, which may not fully capture global diversity and complex interactions within
different ecosystems. Therefore, the focus on various geographic regions and ecosystems to provide
a more comprehensive view of the role of biodiversity is needed.

References

[1] Rawat U.S., & Agarwal N.K. (2015, December). Biodiversity: Concept, threats and conservation. View of
biodiversity: Concept, threats and conservation. https://journal.environcj.in/index.php/ecj/article/view/418/337

[2]  Upadhyay, R. K. (2020, August 19). Markers for global climate change and its impact on social, biological and
Ecological Systems: A Review. American Journal of Climate Change. https://www.scirp.org/html/1-2360862
102270.htm#

[3] Stork, N. E., Resh, V. H., & Cardé, R. T. (n.d.). Chapter 21 - Biodiversity. In Encyclopedia of Insects (Second Edition)
(pp. 75-80). essay. Retrieved 2024,  from  https://www.sciencedirect.com/science/article/abs/pii/
B9780123741448000217.

[4] Weiskopf, S. R., Rubenstein, M. A., Crozier, L. G., Gaichas, S., Griffis, R., Halofsky, J. E., Hyde, K. J. W., Morelli,
T. L., Morisette, J. T., Musioz, R. C., Pershing, A. J., Sutton-Grier, A. E., Thompson, L., Vose, J., Weltzin, J. F., &
Whyte, K. P. (2020, March 10). Climate change effects on biodiversity, ecosystems, ecosystem services, and Natural
Resource Management in the United States. Science of The Total Environment. https://www.sciencedirect.com/
science/article/pii/S00489697203 12948#:~:text=Many %2 00f%20these%20events %2 0have, function%2C%
20particularly%20in%?20forested%20ecosystems.

[5] Garcia-Palacios, P., Nicolas Gross, N., Gaitan, J., & Maestre , F. T. (2018, July 30). Climate mediates the
biodiversity—ecosystem stability relationship globally. PNAS. https.://www.pnas.org/doi/10.1073/pnas.2409983121

25



(6]
171

[8]
9]

[10]

[

[12]

[13]

Proceedings of the Sth International Conference on Materials Chemistry and Environmental Engineering
DOI: 10.54254/2755-2721/126/2025.20004

Allen, E. B., Williams, K., Beyers, J. L., Phillips, M., Ma, S., & D Antonio , C. M. (2018, January 1). Chaparral
Restoration. SpringerLink. https://link.springer.com/chapter/10.1007/978-3-319-68303-4_13

Hong, P., Schmid, B., De Laender, F., Eisenhauer, N., Zhang, X., Chen, H., Craven, D., De Boeck, H. J., Hautier,
Y., Petchey, O. L., Reich, P. B., Steudel, B., Striebel, M., Thakur, M. P., & Wang, S. (2022, February). Biodiversity
promotes ecosystem functioning despite environmental change. Ecology letters. https.://www.ncbi.nlm.nih.gov/pmc/
articles/PMC9300022/

Skendzié, S., Zovko, M., Zivkovié, I P., Lesié, V., & Lemié, D. (2021, May 12). The impact of climate change on
agricultural insect pests. Insects. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8150874/

Gougherty, A. V., & Davies, T. J. (2024, February). Evolutionary history of host trees amplifies the dilution effect
of biodiversity on forest pests. PLOS Biology. https://journals.plos.org/plosbiology/article?id=10.1371%2Fjournal.
pbio.3002473#pbio.3002473.5002

Carugati, L., Gatto, B., Rastelli, E., Lo Martire, M., Coral, C., Greco, S., & Danovaro, R. (2018, September 5).
Impact of mangrove forests degradation on biodiversity and ecosystem functioning. Nature News. https://www.
nature.com/articles/s41598-018-31683-0

Sunkur , R., Kantamaneni, K., Bokhoree, C., & Ravan , S. (2023, October 4). Mangroves’ role in supporting
ecosystem-based techniques to reduce disaster risk and adapt to climate change: A Review. Journal of Sea Research.
https://www.sciencedirect.com/science/article/pii/S1385110123001 181#:~:text=Mangroves%20shelter%s
20coastal%20regions%20during, economic%20impacts%20and%20death%20toll.

Isbell, F., Craven, D., Connolly, J., Loreau, M., Schmid, B., Beierkuhnlein, C., Bezemer, T. M., Bonin, C., Bruelheide,
H., de Luca, E., Ebeling, A., Griffin, J. N., Guo, Q., Hautier, Y., Hector, A., Jentsch, A., Kreyling, J., Lanta, V.,
Manning, P., ... Eisenhauer, N. (2015b, October 14). Biodiversity increases the resistance of ecosystem productivity
to climate extremes. Nature News. https://www.nature.com/articles/naturel 5374#Secl

Oliver, T. H., Isaac, N. J. B., August, T. A., Woodcock, B. A., Roy, D. B., & Bullock, J. M. (2015, December §).
Declining resilience of ecosystem functions under Biodiversity loss. Nature News. https://www.nature.com/articles/
ncomms10122

26



