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Eukaryotic organisms are rarely independent entities and very often complex assemblages of hosts and 
microbial communities, part of an inter-dependent ‘meta-organism’ [1], collectively referred to as holobionts [2]. 
The relatively new concept of holobionts encompasses a ‘host’ and all its associated microorganisms and all of 
their collective genomes form the ‘hologenome’ [3,4]. All constituents of a holobiont share niches within the host’s 
biological system. These interdependent relationships, involving hosts and their associated microorganisms play 
a crucial role in ecological and evolutionary dynamics. From an evolutionary standpoint, holobionts challenge the 
neo-Darwinian focus on the individual organism. Consequently, the survival of species depends on the co-
evolution of the host and its microbiota, with rapid microbial evolution allowing hosts to adapt quickly to 
environmental changes. However, the loss of biodiversity in the Anthropocene [5] might lead to loss of habitat 
and or the collapse of the holobionts or their ecosystems. Therefore, the conservation ideas should apply to the 
whole of the ‘meta-organism’ rather than only to the host species or in a species specific manner [6]. 

1. Symbiotic Relationships in a Holobiont 

It is a well-established concept that microbiota plays a pivotal role in maintaining host’s health, shaping both 
its ecological and evolutionary dynamics by sustaining vital interrelationships [7]. As a result, any perturbation of 
the host-microbiota equilibrium may lead to shift from healthy to pre-disease to disease states, and vice-versa [8,9]. 
Hence, when studying host-microbe interactions, the concept of the holobiont provides a more comprehensive and 
holistic approach to understand the host in parallel with its associated microorganisms. It is also important to 
consider microbe-microbe interactions within the holobionts by way of a framework of multipartner, diffuse 
coevolution [9–11]. Hologenomes offer an enormous opportunity to learn distributed networks and hierarchies of 
genome encoded web of functions that often criss-cross in a seamless manner. Integrative interaction between the 
genomes of microorganisms and their hosts facilitates multipartite adaptations and development of metabolism, 
physiology and behavior ultimately contributing to the selection of a ‘superorganism’ (holobiont). In extended 
evolutionary time-scale, the frequent interactions between members of the holobiont facilitate the exchange of 
genetic materials via horizontal gene transfer (HGT) among themselves [9]. 

The constituent members of a holobiont interact in various symbiotic relationships—ranging from mutualism 
to parasitism. Microbes contribute to the host’s metabolism, physiology, and behavior, influencing nutrient cycles 
and immune functions. Coral reefs, for instance, are prime examples of holobionts, where symbiosis between 
corals and microbes is vital for the reef’s survival [12–14]. In addition to host-microbe dynamics, microbe-microbe 
interactions within the holobiont significantly influence overall health. These relationships may evolve through 
HGT, allowing genetic material to move between microbial species, enhancing adaptability. With growing 
anthropogenic pressures, the concept of holobionts offers a comprehensive model system and an opportunity to 
explore the impacts of human activity on biodiversity and ecosystem health, particularly in the context of changing 
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urban habitats wherein the communities are jostling with non-communicable diseases and various other chronic 
ailments [15,16]. 

2. Anthropogenic Threats to Holobionts 

Anthropogenic activities significantly disrupt the delicate balance between the host and its associated 
microbiota, impacting the overall health of holobionts. This disruption affects both the host and microbial 
communities, leading to weakened immunity and higher susceptibility to diseases. For example, ocean 
acidification can destabilize the symbiotic relationships between marine organisms and their microbes, leading to 
population decline [17]. Antibiotic misuse disrupts the balance of microbial communities in humans and animals, 
leading to antimicrobial-resistant bacteria which outcompete the microbial communities within holobionts and 
cause dysbiotic ecosystems and adverse health outcomes. Biodiversity loss, particularly in areas with low species 
diversity, increases the vulnerability of hosts to pathogenic microbes. 

Studies indicate that individuals exposed to environments with greater biodiversity are generally less 
susceptible to diseases regardless of their socioeconomic status, compared to those living in areas with lower 
biodiversity [15]. Additionally, factors such as climate change, industrialization, and population migration are 
reshaping microbial biodiversity, often introducing pathogenic strains to new regions and raising the risk of 
infections. Given these complexities, studying the holobionts as an integrated mega organism, rather than focusing 
separately on the host, microbiota, and their intimate environment and niches, is essential for understanding the 
broader impacts of anthropogenic influences, particularly within the One Health framework. 

3. Conservation Implications 

In recognizing holobionts as fundamental ecological units, it is to be emphasized that the conservation 
strategies must expand beyond the traditional species-centric focus [6]. Holobiont conservation integrates the host 
and its microbiota, considering the intricate relationships that sustain life. To preserve biodiversity in the face of 
anthropogenic pressures, holistic conservation efforts should include: 
(1) Habitat Protection: Ecosystem protection is essential to maintaining the microbial relationships within 

holobionts. For instance, safeguarding coral reefs helps maintain their delicate symbiotic partnerships [14]. 
(2) Climate Change Mitigation: Addressing global warming [18] can reduce environmental stressors that 

threaten the survival of holobionts. 
(3) Microbiome Research: Studying the microbial communities associated with endangered species helps 

identify critical factors for their survival. Restoring microbial diversity in degraded ecosystems can enhance 
the resilience of holobionts [6,19]. 
Recent advances and narratives propose conservation strategies based on microbiome and ecosystem 

restoration, and hybrid or interdisciplinary approaches [5,6,12,13,20]. Such approaches hold promise to restore or 
enhance microbial diversity and ecosystem health in degraded habitats also through enhancing the intrinsic 
capacities of the ecosystems and holobionts. However, one may like to ascertain the fidelity of association among 
genetic variants of host and microbes to know if they actually co-evolve and co-adapt as a unit [20]. By 
understanding and manipulating microbial communities together with their host, we can improve the health and 
survival of endangered species as holobionts. Probiotic treatments, dietary modifications, and ecosystem 
restoration efforts, including microbial inoculation, are being explored to maintain the integrity of holobiont 
systems. Holobionts are also critical in ecosystem functions such as nutrient cycling and energy flow, making their 
preservation essential for maintaining ecological balance. 

The holobiont concept offers unique opportunities for public engagement in conservation efforts. Educating 
the public about the interconnectedness of life and the importance of microbial diversity fosters a greater 
appreciation and care for nature and encourages individual and collective action towards conservation. Antibiotic 
stewardship targeting responsible production and use of antimicrobials needs a lot of outreach and advocacy, also 
in the context of public health, urban ecosystems, sustainable farming and collective wellness. The holobiont and 
hologenome paradigms present a new frontier in conservation science. By understanding organisms as complex 
systems of hosts and microorganisms, we can develop more effective strategies [13,14] for protecting biodiversity. 
As human-induced environmental changes accelerate, adopting a holistic approach to conservation—one that 
entails entire holobionts —is paramount to the future of life on Earth. Needless to iterate, the importance of such 
an approach to overall health and well-being in the wider context of One Health cannot be overstated. 
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