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Climate change is increasingly recognized as a major driver of ecological 

transformation across terrestrial, freshwater, and marine ecosystems. 

Among the most sensitive biological components affected are microbial 

communities, which play fundamental roles in nutrient cycling, carbon 

sequestration, soil fertility, and ecosystem resilience. Alterations in 

temperature, precipitation patterns, atmospheric CO₂ concentrations, and 

extreme climatic events are reshaping microbial diversity, distribution, and 

functional capacity. This mini-review synthesizes current evidence on how 

climate change influences microbial communities and explores the 

cascading consequences for ecosystem health. Integrating perspectives 

from microbiology, ecology, environmental science, and biogeochemistry, 

the review highlights emerging trends, adaptive microbial responses, and 

future research priorities. 

Keywords: Climate Change, Microbial Diversity, Ecosystem Health, 

Biogeochemical Cycles, Environmental Microbiology. 

 

INTRODUCTION  
 

Microorganisms represent the most abundant and diverse forms of life on Earth and function as the invisible 

architects of ecosystem processes. Through their metabolic activities, they drive nutrient and energy flows by 

decomposing organic matter, regulating carbon and nitrogen cycling, and supporting plant and animal health. 

Microbial communities play a central role in maintaining soil fertility, stabilizing food webs, and sustaining 

ecosystem productivity. Despite this fundamental ecological importance, microbial responses to climate change have 

historically received far less attention than those of plants and animals. In recent years, however, growing scientific 

evidence has highlighted that microbial diversity and functional capacity are highly sensitive to climatic 

disturbances. Changes in microbial communities can alter ecosystem stability and feedback into climate systems by 

influencing greenhouse gas emissions and carbon storage. [1,2] Climate change is characterized by long-term 

alterations in temperature regimes, precipitation patterns, atmospheric greenhouse gas concentrations, and the 

increasing occurrence of extreme weather events such as droughts, floods, and heatwaves. These environmental 

shifts directly affect microbial physiology, community composition, and metabolic activity, leading to cascading 

impacts on ecosystem processes. Such changes can compromise soil health, reduce plant productivity, degrade water 

quality, and disrupt global biogeochemical cycles. 
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EFFECTS OF CLIMATE CHANGE ON 

MICROBIAL DIVERSITY AND FUNCTION 

 

Temperature Rise: Rising global temperatures are a 

central feature of climate change. Elevated temperatures 

influence microbial metabolic rates, growth dynamics, 

and community composition. Numerous studies have 

shown that prolonged warming leads to reductions in soil 

microbial richness and shifts in functional groups, even 

as overall microbial biomass can increase. [3,4] For 

example, warming suppresses populations of ammonia-

oxidizing bacteria while favoring denitrifiers, altering 

nitrogen cycling pathways. Such shifts can weaken soil 

nitrogen availability for plants and affect nutrient 

balance. [3] Warming also affects cold ecosystems. In 

Arctic and polar regions, permafrost thaw exposes 

ancient carbon stores to microbial degradation, 

enhancing CO₂ and methane emissions, both potent 

greenhouse gases, thus creating a positive feedback loop 

that accelerates warming. [5,6]. Microbial activation in 

thawing soils contributes substantially to carbon flux, 

emphasizing the role of microbes in climate feedback 

mechanisms [6.7] 

Altered Precipitation and Moisture Regimes: Climate 

change alters global precipitation patterns, resulting in 

increased droughts in some regions and intensified 

rainfall in others. Soil moisture is a critical determinant 

of microbial activity; both drought and waterlogging 

reduce microbial diversity and disrupt functional 

networks. Prolonged dry periods limit nutrient diffusion 

and microbial metabolism, reducing soil biological 

activity. [8,9] Conversely, waterlogged soils can become 

anaerobic, favoring microbial pathways such as 

methanogenesis, which increases methane release and 

contributes further to atmospheric warming. Changing 

precipitation also influences soil structure and plant–

microbe interactions. Erosion, nutrient leaching, and 

decreased soil organic matter associated with extreme 

rainfall events can degrade soil microbial habitats and 

reduce long-term soil fertility  

Atmospheric Composition Changes: Elevated 

atmospheric CO₂ levels not only drive warming but also 

influence microbial physiology directly. High CO₂ can 

increase plant biomass and litter deposition, altering the 

quantity and quality of substrates available to soil 

microbes. These changes can shift microbial community 

composition and functional potential. Additionally, CO₂ 

enrichment often interacts with nutrient limitations, 

modifying microbial respiration and carbon 

sequestration dynamics. [10] Climate-driven changes in 

other greenhouse gases, such as nitrous oxide (N₂O), 

further impact microbial processes. N₂O production is 

microbially mediated through nitrification and 

denitrification pathways, and changes in these pathways 

due to warming or moisture shifts can amplify 

greenhouse gas emissions [11]. 

MICROBIAL RESPONSES ACROSS 

ECOSYSTEMS 

 

Terrestrial Soil Ecosystems: Soil ecosystems harbor 

immense microbial diversity that underpins terrestrial 

productivity and nutrient cycling. Climate change has 

significant implications for soil microbial communities, 

affecting biodiversity and ecosystem services. Long-

term warming studies reveal substantial decreases in 

microbial diversity and functional stability, particularly 

in regions with high mean annual temperatures or 

prolonged warming duration. [12] These declines 

compromise soil processes such as carbon storage and 

nutrient mineralization, reducing soil health. Soil 

enzymatic activity, an indicator of microbial functional 

capacity, is strongly influenced by climate stressors. 

Changes in temperature and moisture affect enzyme 

production and stability, which in turn affects the 

breakdown of organic matter and nutrient availability for 

plants. This can lead to reduced soil fertility and 

agricultural productivity. [8,12] 

Aquatic Ecosystems: Aquatic microorganisms play key 

roles in biogeochemical cycling and water quality. 

Climate-driven warming of freshwater and marine 

environments alters microbial communities by favoring 

heat-tolerant and potentially pathogenic species. In 

natural waters, increases in water temperature stimulate 

outbreaks of toxic algae and harmful bacteria, 

intensifying water quality issues and public health risks. 
[13,14] Harmful algal blooms (HABs), often dominated by 

cyanobacteria and other bloom-forming microbes, are 

increasing in frequency and geographic range due to 

warmer water temperatures and stratification dynamics. 

[15] These events reduce oxygen levels, disrupt food 

webs, and produce toxins that affect wildlife and human 

health. Ocean warming also impacts marine microbial 

communities, altering phytoplankton composition and 

reducing the abundance of key primary producers, which 

can cascade through marine food webs and affect global 

carbon cycling. [16] 

Extreme Environments: Unique environments such as 

polar ice and permafrost host specialized microbial 

communities adapted to cold, nutrient-limited 

conditions. Thawing permafrost not only releases 

greenhouse gases but also alters microbial community 

profiles, enabling previously dormant microbes to 

become active. Increased microbial activity in polar 

regions is influencing carbon release and intensifying 

climate feedbacks. [17] Moreover, microbes on glacier 

surfaces can darken ice (biological darkening), 

increasing heat absorption and accelerating melting, 

illustrating unexpected and complex microbial 

contributions to climate dynamics. [18] 
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MICROBIAL FEEDBACKS TO CLIMATE 

CHANGE 

 

Microbial processes are not only affected by climate 

change but can actively influence climate dynamics. Soil 

and aquatic microbes regulate the fluxes of greenhouse 

gases, including CO₂, CH₄, and N₂O. Changes in 

microbial activity that enhance the release of these gases 

contribute directly to global warming. [1, 16]. For instance, 

increased soil respiration due to warming accelerates 

carbon release from soil organic matter, enhancing 

atmospheric greenhouse gas concentrations and creating 

a positive feedback loop. [19,20]   In some microbial 

processes may provide negative feedbacks. Certain 

marine phytoplankton release dimethylsulfide (DMS), 

which contributes to cloud formation and potentially 

cools the climate by increasing solar reflection. Such 

natural feedback mechanisms illustrate the complexity of 

microbial influences on climate systems and the need to 

incorporate microbial processes into climate models. 

 

IMPLICATIONS FOR ECOSYSTEM HEALTH 

AND SERVICES 

 

Climate-driven shifts in microbial communities have 

broad implications for ecosystem health and services. 

Healthy microbial diversity is critical for soil fertility, 

plant growth, water purification, and disease 

suppression. Disruptions in microbial networks can 

weaken these services, reducing ecosystem resilience. 

For agriculture, altered soil microbial communities may 

reduce nutrient cycling efficiency and crop productivity, 

compromising food security. In aquatic environments, 

increasing prevalence of harmful microbes threatens 

fisheries, recreation, and drinking water supplies. 

Microbial changes also impact human health directly, as 

climate change amplifies the distribution and activity of 

pathogenic microbes. Warmer temperatures facilitate the 

spread of disease-causing bacteria in water bodies, 

increasing infection risks in human and animal 

populations. [13,14] 

 

RESEARCH CHALLENGES AND FUTURE 

DIRECTIONS 

 

Despite growing awareness of microbial responses to 

climate change, significant knowledge gaps remain. 

Integrating microbial dynamics into climate prediction 

models is a major challenge due to the complexity and 

scale-dependent nature of microbial processes. There is 

a need for long-term, high-resolution datasets capturing 

microbial community shifts across diverse ecosystems. 

Technological advances such as metagenomics, 

transcriptomics, stable isotope probing, and 

environmental sensing are enhancing our ability to 

characterize microbial diversity and function under 

changing climates. Collaborative research that bridges 

microbiology, ecology, soil science, and climate science 

is essential to build comprehensive models linking 

microbial processes to ecosystem outcomes. Such 

integrated approaches will improve predictions of 

climate impacts and help develop mitigation strategies 

that leverage microbial functions. 

 

CONCLUSION 

 

Microbial communities are fundamental to ecosystem 

processes and are deeply affected by climate change. 

Rising temperatures, altered precipitation patterns, and 

increased greenhouse gas concentrations reshape 

microbial diversity, activity, and interactions with plants, 

animals, and the environment. These changes have 

significant consequences for nutrient cycling, soil 

fertility, water quality, and global biogeochemical 

cycles. Microbial responses both reflect and influence 

climate dynamics, underscoring the need to integrate 

microbial ecology into climate science and 

environmental management. Protecting microbial 

diversity and function is essential to sustaining 

ecosystem health and resilience in a rapidly changing 

world. 

 

DECLARATION 

 

Ethical Approval: Not applicable. This study is a 

review of previously published literature and did not 

involve human participants or animal experimentation. 

Consent for Publication: Not applicable. 

Availability of Data and Materials: All data supporting 

the findings of this study are available within the article 

and from the cited references. 

Competing Interests: The author(s) declare no 

competing financial or non-financial interests. 

Funding: No external funding was received for this 

work. 

Authors’ Contributions: All author(s) contributed 

equally to the conception, literature review, drafting, and 

final approval of the manuscript. 

Acknowledgements: The author(s) acknowledge all 

researchers whose work contributed to this review. 

 

REFERENCES 

 

1. Jansson JK, Hofmockel KS. Soil microbiomes and 

climate change. Nat Rev Microbiol. 2020;18(1):35–

46. doi:10.1038/s41579-019-0265-7.  

2. Wu L, Zhang Y, Guo X, et al. Long-term climate 

warming substantially reduces global soil microbial 

richness. One Earth. 2025;101511. 

doi:10.1016/j.oneear.2025.101511.  

3. Li Y, Wang J, Shen C, et al. Microbial diversity 

losses constrain the capacity of soils to mitigate 



 

9 | P a g e  
 

Tiwari R. Climate Change Impacts on Microbial Diversity and Ecosystem Health: A Multidisciplinary Mini-Review 

climate change. Glob Change Biol. 

2024;30(12):e17601. doi:10.1111/gcb.17601.  

4. De Silva S, Hetti Gamage LK, Thapa VR. Impact of 

drought on soil microbial communities. 

Microorganisms. 2025;13(7):1625. 

doi:10.3390/microorganisms13071625.  

5. Roy S, Dumont MG, Bradley JA, Hernández M. 

Microbial interactions between climate warming and 

antimicrobial resistance threaten soil carbon storage 

and global health. ISME J. 2025;19(1):wraf220. 

doi:10.1093/ismejo/wraf220.  

6. Bardgett RD, Freeman C, Ostle NJ. Microbial 

contributions to climate change through carbon cycle 

feedbacks. ISME J. 2008;2(8):805–814. 

doi:10.1038/ismej.2008.58.  

7. Classen AT, Sundqvist MK, Henning JA, et al. 

Direct and indirect effects of climate change on soil 

microbial and soil microbial-plant interactions: 

What lies ahead? Ecosphere. 2015;6(9):art163. 

doi:10.1890/ES15-00217.1.  

8. Loiko N, Islam MN. Plant–soil microbial 

interaction: Differential adaptations of beneficial vs. 

pathogenic bacterial and fungal communities to 

climate-induced drought. Agronomy. 

2024;14(9):1949. doi:10.3390/agronomy14091949.  

9. Sun Y, Chen X, Hisano M, et al. Rising global 

temperatures reduce soil microbial diversity over the 

long term. Proc Natl Acad Sci U S A. 

2025;122(35):e2426200122. 

doi:10.1073/pnas.2426200122.  

10. Kumari A, Dash M, Singh SK, et al. Soil microbes: 

A natural solution for mitigating the impact of 

climate change. Environ Monit Assess. 

2023;195:1436. doi:10.1007/s10661-023-11988-y.  

11. Zhou J, Deng Y, Shen L, et al. Temperature mediates 

continental-scale diversity of microbes in forest 

soils. Nat Commun. 2023;14:3745. 

doi:10.1038/s41467-023-39589-0.  

12. Conti Taguali S, et al. Are environmental factors 

correlated with the diversity of soil microorganisms? 

Biodivers Conserv. 2025;34(5):1235–1248. 

doi:10.1007/s11557-025-02091-2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13. Bardgett RD, van der Putten WH. Belowground 

biodiversity and ecosystem functioning. Nature. 

2014;515(7528):505–511.  

14. Fierer N, Lennon JT. The generation and 

maintenance of diversity in microbial communities. 

Am J Bot. 2011;98(3):439–448. 

doi:10.3732/ajb.1000508.  

15. Allison SD, Martiny JBH. Resistance, resilience, and 

redundancy in microbial communities. Proc Natl 

Acad Sci U S A. 2008;105(Suppl 1):11512–11519. 

doi:10.1073/pnas.0801925105.  

16. Wagg C, Schlaeppi K, Banerjee S, et al. Fungal–

bacterial diversity and soil multifunctionality. Nat 

Commun. 2019;10:1489. doi:10.1038/s41467-019-

09485-8.  

17. van der Heijden MGA, Bardgett RD, van Straalen 

NM. The unseen majority: soil microbes as drivers 

of plant diversity and productivity in terrestrial 

ecosystems. Ecol Lett. 2008;11(3):296–310. 

doi:10.1111/j.1461-0248.2007.01139.x 

18. Tedersoo L, Bahram M, Zobel M. How mycorrhizal 

associations drive plant population and community 

biology. Science. 2020;367(6480):6480. 

doi:10.1126/science.aaz7232 

19. Trivedi P, Delgado-Baquerizo M, Jeffries TC, et al. 

Microbial regulation of the soil carbon cycle: 

Evidence from global field studies. Global Change 

Biol. 2016;22(9):3650–3661. 

doi:10.1111/gcb.13391. (global soil microbe carbon) 

20. Philippot L, Raaijmakers JM, Lemanceau P, van der 

Putten WH. Going back to the roots: the microbial 

ecology of the rhizosphere. Nat Rev Microbiol. 

2013;11(11):789–799. doi:10.1038/nrmicro3109.  

 

 

 
How to cite this article: Tiwari R. Climate Change 

Impacts on Microbial Diversity and Ecosystem 

Health: A Multidisciplinary Mini-Review. SPJP J. 

Multidiscip. Sci. 2025;1(2):6-9. doi: 

10.62502/spjpjms/v1i2art2 


