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Abstract  

Biodiversity is conventionally measured by the variety of plants, animals, and fungi visible to 

the naked eye. Yet this macroscopic perspective captures only a fraction of the living world. 

The true breadth of biological diversity resides in the microscopic realm of bacteria, archaea, 

fungi, protists, and viruses—organisms that have governed Earth’s chemistry for billions of 

years and continue to underpin the existence of all larger life forms. Despite their invisibility, 

microorganisms are far more than a passive background; they are the principal architects of the 

biosphere. This thesis argues that microorganisms serve as the fundamental drivers of 

biodiversity through four interrelated roles: they operate the global biogeochemical cycles that 

sustain life, they form obligate symbiotic relationships that enable the evolution and 

diversification of multicellular organisms, they act as powerful evolutionary catalysts that 

continuously generate genetic novelty, and they confer resilience to ecosystems facing 

environmental perturbation. A comprehensive understanding of biodiversity therefore demands 

that microorganisms be placed at its very center. 
 
 

 

Introduction 

The Unseen Majority: Defining the Scope of Microbial Biodiversity 

The first and most quantitative contribution of microorganisms to biodiversity is their 

overwhelming numerical and genetic dominance. Recent estimates suggest that Earth harbors 

between one trillion and several trillion microbial species, the vast majority of which remain 

uncultured and unclassified (Locey & Lennon, 2016). This “biological dark matter” contains 

an immense reservoir of metabolic pathways—from methanogenesis to the degradation of 

recalcitrant organic compounds—that collectively define the functional limits of the biosphere. 

In marine environments alone, over 90% of the genetic diversity detected through metagenomic 

sequencing corresponds to previously unknown taxa (Sunagawa et al., 2015). The significance 

of this hidden diversity extends beyond academic curiosity; it represents a vast library of 

biochemical solutions that could be harnessed for medicine, industry, and environmental 

remediation. For instance, extremophilic microorganisms thriving in deep-sea hydrothermal 

vents host DNA polymerases that revolutionized molecular biology (Chien, Bartlett, & Pace, 

1976). Equally, soil actinomycetes have yielded the majority of clinically used antibiotics, 

underscoring that the loss of microbial diversity equates to a loss of future biotechnological 

potential (Bérdy, 2005). Thus, microbial biodiversity is not only the largest component of life’s 

catalog but also a strategic biological resource for human well-being. 
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Ecosystem Engineers: Nutrient Cycles and Primary Productivity 

Microorganisms are the biosphere’s indispensable biogeochemical engines. They mediate the 

cycling of carbon, nitrogen, phosphorus, sulfur, and trace elements, transforming inert 

geochemical reservoirs into bioavailable forms that fuel all other life. The process of biological 

nitrogen fixation, performed exclusively by certain bacteria and archaea, converts inert 

atmospheric dinitrogen (N₂) into ammonia, providing the essential nitrogen required for the 

construction of proteins and nucleic acids in plants and, consequently, all animals (Falkowski, 

Fenchel, & Delong, 2008). In terrestrial ecosystems, mycorrhizal fungi and phosphate-

solubilizing rhizobacteria extend the effective root surface of plants by orders of magnitude, 

mobilizing phosphorus and other minerals from soil matrices and enabling the productivity of 

forests and grasslands (Smith & Read, 2008). In the oceans, photosynthetic cyanobacteria such 

as Prochlorococcus and Synechococcus are responsible for a significant fraction of global 

primary production, fixing carbon dioxide and generating oxygen at a scale that rivals all 

terrestrial rainforests combined (Partensky, Hess, & Vaulot, 1999). Without these microbial 

metabolic services, the trophic pyramids that support visible biodiversity—from herbivores to 

apex predators—could not exist. The sheer functional redundancy embedded in diverse 

microbial communities also guarantees that critical nutrient transformations persist despite 

environmental fluctuations, thus stabilizing ecosystem productivity over time. 

 

Symbiotic Partners: Enabling the Diversification of Multicellular Life 

The evolutionary radiation of plants, animals, and fungi is inseparable from obligate microbial 

symbioses. The colonization of land by plants approximately 500 million years ago was made 

possible by the co-option of soil fungi into symbiotic relationships, forming the arbuscular 

mycorrhizal associations that remain present in over 80% of extant land plant species 

(Brundrett, 2002). These fungal networks—colloquially termed the “wood wide web”—not 

only supply mineral nutrients but also mediate inter-plant communication and resource transfer, 

structuring entire plant communities. In the animal kingdom, the gut microbiome provides 

essential services without which many hosts could not survive. Herbivorous mammals, for 

instance, rely entirely on the cellulolytic and fermentative capacities of their resident bacteria 

and protists to digest plant structural polysaccharides (Ley et al., 2008). Corals, the cornerstone 

of the most biodiverse marine ecosystems, are hologenomes comprised of the cnidarian host 

and its endosymbiotic dinoflagellates (family Symbiodiniaceae). Thermal stress disrupts this 

symbiosis, causing coral bleaching and ecosystem collapse, vividly illustrating that 

macroscopic biodiversity is a fragile superstructure resting on a foundation of microbial 

partnerships (Hughes et al., 2017). Even in extreme environments, chemosynthetic bacteria 

form the nutritional base of entire communities. At deep-sea hydrothermal vents, sulfide-

oxidizing bacteria live as endosymbionts within tubeworms (Riftia pachyptila), converting 

toxic hydrogen sulfide into organic carbon and supporting dense assemblages of invertebrates 

in the complete absence of sunlight (Dubilier, Bergin, & Lott, 2008). Such symbioses 

demonstrate that microbial partners expand the ecological niche space available to multicellular 

organisms, directly facilitating biological diversification. 
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Evolutionary Catalysts: Horizontal Gene Transfer and Speciation 

Beyond ecological support, microorganisms act as direct agents of genomic innovation, 

shaping the tree of life itself. Horizontal gene transfer (HGT)—the exchange of genetic material 

across species boundaries—is a dominant force in microbial evolution and has repeatedly 

influenced the evolution of eukaryotes. The acquisition of mitochondria and chloroplasts 

through ancient endosymbiotic events, in which free-living bacteria were permanently 

incorporated into ancestral eukaryotic cells, provided the energetic and metabolic machinery 

that made the evolution of complex multicellular life possible (Margulis, 1970). More recently, 

metagenomic analyses have revealed extensive HGT between bacteria and multicellular hosts; 

notable examples include the transfer of genes involved in carbohydrate metabolism from 

marine bacteria to the gut microbiome of Japanese populations, facilitating the digestion of 

seaweed polysaccharides (Hehemann et al., 2010). Viruses, too, though often excluded from 

traditional biodiversity metrics, function as mobile genetic elements that transfer genes between 

hosts and impose intense selective pressures. The constant evolutionary arms race between 

hosts and viral pathogens accelerates the diversification of immune system genes and can lead 

to reproductive isolation, thereby contributing to speciation (Daugherty & Malik, 2012). 

Microorganisms are thus not passive background actors but active sculptors of evolutionary 

trajectories. 

 

Guardians of Resilience: Microbial Buffering Against Environmental Change 

An often-overlooked dimension of microbial contributions to biodiversity is their role in 

conferring ecosystem resilience. Diverse microbial communities act as biological buffers; 

functional redundancy among taxa ensures that if one species is eliminated by a disturbance, 

others can maintain critical processes such as decomposition or nitrogen cycling. Moreover, 

rapid microbial adaptation to novel stressors—through mutation and HGT—enables entire 

ecosystems to withstand climate-induced changes more effectively than macroscopic species 

with slower generation times (Bardgett & van der Putten, 2014). In soil ecosystems, microbial 

diversity has been shown to promote plant community resistance to drought and pathogen 

outbreaks, highlighting that above-ground biodiversity is directly safeguarded by below-

ground microbial processes. Conservation efforts that ignore microbial soil health risk 

undermining the very foundation of terrestrial biodiversity. 

 

Conclusion 

The role of microorganisms in biodiversity is foundational, sustaining, generative, and 

protective. They constitute the planet’s greatest reservoir of genetic and metabolic novelty, 

operate the biogeochemical cycles that make Earth habitable, form obligate partnerships that 

have enabled the origin and diversification of all visible life, and provide the functional 

resilience that buffers ecosystems against perturbation. To conceptualize biodiversity solely in 

terms of plants and animals is to ignore the engine that has generated and maintained the 

biosphere for over three billion years. Effective conservation strategies must therefore extend 

beyond the protection of charismatic megafauna to encompass the preservation of the soil, 

water, and symbiotic microbiomes that sustain ecosystem functions. Recognizing 
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microorganisms as the invisible architects of biodiversity is not a reductionist view but a 

profound appreciation of the interconnectedness upon which all life depends. 

 

References 

1. Bardgett, R. D., & van der Putten, W. H. (2014). Belowground biodiversity and ecosystem 

functioning. Nature, 515(7528), 505–511. 

2. Bérdy, J. (2005). Bioactive microbial metabolites. The Journal of Antibiotics, 58(1), 1–26. 

3. Brundrett, M. C. (2002). Coevolution of roots and mycorrhizas of land plants. New 

Phytologist, 154(2), 275–304. 

4. Chien, A., Bartlett, S. G., & Pace, N. R. (1976). DNA polymerases from Thermus 

aquaticus. Journal of Bacteriology, 127(3), 1550–1557. 

5. Daugherty, M. D., & Malik, H. S. (2012). Rules of engagement: molecular insights from 

host-virus arms races. Annual Review of Genetics, 46, 677–700. 

6. Dubilier, N., Bergin, C., & Lott, C. (2008). Symbiotic diversity in marine animals: the art of 

harnessing chemosynthesis. Nature Reviews Microbiology, 6(10), 725–740. 

7. Falkowski, P. G., Fenchel, T., & Delong, E. F. (2008). The microbial engines that drive 

Earth's biogeochemical cycles. Science, 320(5879), 1034–1039. 

8. Hehemann, J. H., Correc, G., Barbeyron, T., Helbert, W., Czjzek, M., & Michel, G. (2010). 

Transfer of carbohydrate-active enzymes from marine bacteria to Japanese gut 

microbiota. Nature, 464(7290), 908–912. 

9. Hughes, T. P., Kerry, J. T., Álvarez-Noriega, M., Álvarez-Romero, J. G., Anderson, K. D., 

Baird, A. H., ... & Wilson, S. K. (2017). Global warming and recurrent mass bleaching of 

corals. Nature, 543(7645), 373–377. 

10. Ley, R. E., Lozupone, C. A., Hamady, M., Knight, R., & Gordon, J. I. (2008). Worlds within 

worlds: evolution of the vertebrate gut microbiota. Nature Reviews Microbiology, 6(10), 

776–788. 

11. Locey, K. J., & Lennon, J. T. (2016). Scaling laws predict global microbial 

diversity. Proceedings of the National Academy of Sciences, 113(21), 5970–5975. 

12. Margulis, L. (1970). Origin of Eukaryotic Cells. Yale University Press. 

13. Partensky, F., Hess, W. R., & Vaulot, D. (1999). Prochlorococcus, a marine photosynthetic 

prokaryote of global significance. Microbiology and Molecular Biology Reviews, 63(1), 

106–127. 

14. Smith, S. E., & Read, D. J. (2008). Mycorrhizal Symbiosis (3rd ed.). Academic Press. 

15. Sunagawa, S., Coelho, L. P., Chaffron, S., Kultima, J. R., Labadie, K., Salazar, G., ... & 

Bork, P. (2015). Structure and function of the global ocean microbiome. Science, 348(6237), 

1261359. 

 


