
Role of Microbes in Conservation 

 

Introduction 

With the rapid changes in environment such as global warming, increase in atmospheric carbon 
dioxide and acidic oceans, natural habitats are at risk from being destroyed and degraded 
(Mueller et al.,2019). This is the aftermath of human activities, which produces pollutants that 
hurts the ecosystem. This push many species living in the wild towards the road of extinction. 
Ironically, it affects the human population as well since it may affect food supply and job 
availability (Mueller et al.,2019). Therefore, looking at the big picture, it is a chain of effects that 
pose a risk to all forms of life on earth. 

Ever since I started studying about aquaculture during my polytechnic days, conservation has 
been one of the topics that I am interested in. It was also my area of research for my final year 
project, which is how the colors of the environment affects the reproduction rate of 
Hippocampus Reidi. The intent behind my research was to increase their population as they are 
listed as “Near Threatened” on IUCN red list(Oliveira & Pollom.,2017). Hence, when I had to 
write a topic relating to microbes, the first thing I thought about was conservation! And 
surprisingly, I found some interesting information about microbes and their role in population 
conservation.  

 

Microbiome 

To counter the rapid environmental changes, it is essential to find unconventional ways to 
reverse trends of population decline (Mueller et al.,2019). Which is microbiome! Or 
microorganisms, that have around since ancient times. It is the tiny and invisible organisms that 
have the largest diversity, which can be made used for enhancing host survival rate, restore 
ecosystem and on all forms of life on earth (Sharma et al., 2016). 

Microorganisms exist in or on living hosts, such as humans, animals, and plants, as well as in 
soil, oceans and surrounding air. Microorganisms in microbiomes interact dynamically with 
their hosts and form synergistic relationships among themselves (Foo et al., 2017). This includes 
bacteria, archaea, yeasts, fungal and viruses (Mueller et al.,2019). These interactions determine 
the composition of the host microbiome and influence not only the characteristics of the 
ecosystems due to their presence, but offers dietary supplementation, stimulate host immune 
system, and developmental benefits (Bahrndorff et al.,2016) that can protect hosts against the 
effects of fast environmental change and the conditions of a new habitat (Foo et al., 2017). 

 



Microbial rescue  

Beneficial Interactions within the microbiomes strongly influences the fitness of plants and 
animals which correlates with survivability, whether it occurs within or outside of the host, 
including the environment (Mueller et al.,2019). 

Since we understand the importance of host–microbiome interactions for species survival, 
microbial rescue is slowing gaining attention for their role in conservation. The basic principle of 
this rescue is to alter microbiomes to increase host fitness and population number, thereby 
preventing endangered species from extinction (Mueller et al.,2019). The framework is broken 
down to 3 basic steps, which include:  

- Environmental microbes induced changes in host microbiome composition after 
introduction 

- Gradual improvement in host fitness as a result from new microbiome composition 
- Transmission of beneficial microbes among population via horizontal or vertical transfer 

 
 

Basic framework of Microbial rescue 

1. Changes in microbiome attributes 
 

A change in gut microbiota may occurs when there is a change in the food that the animals 
consume or more specifically, the environment that they live in (Mueller et al.,2019). The 
microbes are composed specifically to the environmental factors that they are exposed to 
(Kers et al.,2018). Therefore, when there is a switch in environmental conditions, it will 
often lead to an alteration in host microbiome attribution, abundance, or interactions 
(Mueller et al.,2019).  

Moreover, microorganisms themselves are also subjected to fast evolutionary processes like 
natural selection, owing to their fast reproduction rate and big population sizes (Mueller et 
al.,2019). New characteristics are acquired by these microbes through selective mutation on 
the sequence of their DNA nucleotides or through horizontal DNA transfer from other 
microbes, causing a huge change in their DNA genome (AMNH, n.d.). More importantly, if 



these new traits are beneficial to the interactions within the microbiome, it can influence 
the performance of the host surviving in a new environment (AMNH, n.d.). 

2. Increases in host fitness  
 

A change in microbiome composition leads to a subsequent change in host phenotype and 
fitness, induced by new interactions within the microbiome (Mueller et al.,2019). In 
mammals for example, a change in diet to high fiber shifts the microbiome to produce more 
short-chain fatty acids (Thorburn et al., 2015). Other than providing energy to the 
mammals, it improves immune cell function, which can be genetically passed on to the 
young (Thorburn et al., 2015). As development of the immune function is highly related to 
host fitness, it is a crucial finding for microbial rescue since the same results may be seen in 
endangered animals. In addition, a change in microbiome may demonstrate improvement 
in the breakdown of certain food components like carbohydrate, protein and amino acids, 
and produce important vitamins for host survival (Mueller et al.,2019). 

Alteration of microbiome also affects hormone regulation, which has a role in influencing 
the behavior and metabolic mechanism of animals (Mueller et al.,2019. It is seen in critically 
endangered black rhinos, where the microbiome was hypothesized to be an important 
factor for their reproduction success, given that their gut bacteria was found to influence 
hormone production (Antwis et al., 2019). Since reproductive behaviors (courtship)are 
essential in the animal kingdom for mating, microbially mediated hormone regulation 
should be considered as a mean to increase population numbers and host fitness (Mueller 
et al.,2019). 

 

3. Transmission of beneficial interactions 
 

Even though microbiomes are important for host fitness as mentioned, these interactions 
must be transmitted throughout the target population for microbial rescue to work 
(Mueller et al.,2019). An effective way of spreading beneficial interactions is vertical 
transmission via the parents to the offspring, providing a higher microorganism introduction 
success rate. Transmission of beneficial interactions is also possible by horizontal 
transmission. However, it requires the successful introduction of beneficial microbes to the 
new host, which may be difficult as it is possible to have a completely different 
environmental conditions from the original host (Mendes et al., 2014). As a result, the 
microbes may not survive. Fortunately, it was also found that some microbes exhibit traits 
like dormancy in extreme environment (Mueller et al.,2019). Hence, horizontal transmission 
could still be considered as an option to confer specific beneficial interactions to 
surrounding at risk population. 



In a nutshell, horizontal transmission spread beneficial interactions and rescue a population 
at a faster rate, but with more inter-host difficulties due to the different environmental 
conditions presented for the microbes to adapt and work. In contrast, vertical transmission 
may be a slower but more effective towards microbial population rescue objective (Mueller 
et al.,2019). 

 

Microbial rescue in conservation 

1. Probiotic Supplement 
In some cases, general improvement of host fitness can be facilitated by using probiotic 
supplements, which changes the microbiome composition and provide beneficial functions 
to gut microbial communities that increase host survival and minimize risk of 
extinction(Mueller et al.,2019). For example, there is an existing global amphibian declines 
due to a chytrid fungus pathogen called Batrachochytrium dendrobatidis (Bd). Fortunately, 
it was found that Janthinobacterium lividum a bacteria species, is effective in protecting 
amphibians against Bd. These bacteria species produce violacein that has anti-fungal 
properties, resulting in amphibians being less vulnerable to Bd infection when introduced 
(Becker et al., 2009). Hence, it serves as a potential solution to the declining amphibian 
population caused by the pathogen. Even though probiotics is not a 100% solution to all 
global-scale epidemics since it works best with easily identifiable and culturable 
microorganisms, it has the potential to combine with other conservation strategies to 
protect populations from extinction due to dangerous pathogens. 

 

2. Microbiome Engineering 
Another more effective application of microbial rescue involves using microbiome 
engineering, that selects microbes that display desirable characteristic or performance in 
the microbe community (Mueller et al.,2019). Engineering of microbiome can also alter the 
microbiota community to improve host fitness and restore ecological balance (Foo et al., 
2017). For example, microbiome engineering was utilized to select and cultivate 
microorganisms that remove organic pollutants that affects coral reef fitness. After isolating 
the 10 fastest growing morphotypes found in the sample taken from the corals, it is 
combined to create an oil-degrading consortium. The engineered microorganism was 
introduced to the corals, and an elevated growth rate was observed in both the presence 
and absence of the water-soluble oil droplets (Santos et al., 2015), demonstrating improved 
host fitness. This technology allows microbial rescue of population at risk of extinction even 
when we do not know the exact microbial composition or beneficial interactions that will 
enhance host fitness. 

 



3. Assisted Migration 
Assisted Migration is one of the traditional conservation strategies to alleviate some of the 
risks posed by climate change and increase the survivability of at-risk populations (GOC, 
n.d.). It normally involves the relocation of an endangered population into a new habitat 
with more favorable conditions, in hope of increasing their population number (Mueller et 
al.,2019). However, if researchers include microbiomes into the picture, it may improve the 
success rate of relocating plants or animals into a new environment.  

In an example, the migration of Douglas-fir seedlings with their usual soil microbiomes, 
including ectomycorrhizal fungi which confers protection against phaeocryptopus 
gaeumannii, displayed better establishment and growth in new environmental conditions. 
This is in contrasts to seedlings without their usual soil microbiome and only treated with 
fungicide against the pathogen (Pickles et al., 2015). Therefore, migration of species facing 
extinction with a suitable microbiome is necessary for adapting into a new hosting 
environment to enhance host fitness. This is to prevent increased mortality rate on the 
already endangered species and investment loss from adaption failure (GOC, n.d.). 

 

4. Captive Breeding 
Finally, captive breeding success may increase with microbial intervention (Mueller et 
al.,2019). It involves breeding endangered species in human-controlled environments like 
zoos to increase the population to a healthy number (Donald, n.d.). In the process, optimal 
host microbiomes may change when these animals are kept in captivity for conservation 
and away from their natural habitat. This is due to a change in diet, social interactions, and 
environment conditions. Artificial environment may not be sufficient to maintain the wide 
diversity of microbes that are normally found in the animal’s natural habitat and since there 
are fewer hosts in captive facilities, there is also a reduce in horizontal transmission of 
beneficial microorganisms (Mueller et al.,2019). Therefore, there is a need to find ways to 
maintain the composition of microbiota of captive animals. One way is to provide probiotics 
supplements as mentioned before to stabilize the microbes within and outside of the host 
(Mueller et al.,2019). 

 

 

 

 

 



Possible Complications 

While microbial rescue improves the success rate of saving endangered species, it comes with 
considerable risks as well. The numerous microorganisms that are included in the host 
microbiome have many different interactions with each other and with the host that they 
reside on. Hence, it is a complicated network where there is a possibility of disrupting it 
negatively after the introduction of new microbes, consequently affecting normal function in a 
host (Mueller et al.,2019). The host will now become worse off in terms of fitness in a midst of 
rapid environmental changes. In addition, there is a possibility that new microbial intervention 
could hurt the ecosystems despite enhancing the fitness of the target host. This may happen 
when the introduced microbes that supposedly improves host fitness, becomes an invasive 
species to that habitat and cause harm to surrounding population (Saikkonen, 2000). 

However, the complications can be managed with insights from biological control where they 
both make use of one organism to improve the fitness of the other that faces risks from 
pathogens and/or environmental changes (Mueller et al.,2019). In the context of using 
microorganisms in conservation activities, balancing the extent of targeted conservation with 
the need to maintain ecosystem diversity should be considered primary to prevent disastrous 
situations.  

 

Economic perspective  

While there are solutions to the complications as mentioned above on using biological control 
with microbial rescue-based conservation, it is extremely costly for a complete biological 
control program since the cost of data and information on the agents required is huge. For 
example, a biological control for weed cost around $1.2 to 1.5 million (Harris, 1978). In addition, 
conservation including the few strategies mentioned above approximately cost $76.1 billion per year 
to protect natural habitat and species who are facing extinction (Cossins, 2012).  

It may seem like a large sum of money at first, but when we compare it to the “benefits” nature 
supply to the human population, is it a high return investment. As quoted from the article, “The 
services include carbon sinks and crop pollination, estimated to be worth between $2 trillion and 
$6 trillion” (Cossins, 2012). Hence, $76.1 billion is just a small price to pay for maintaining 
ecosystem diversity while receiving excellent “services” from the nature. 

 

 

 

 



Indirect funders of conservation 

National attractions like zoos that provide sanctuary for a variety of animals generates funds for 
animal conservation projects and research. They are one of the biggest direct funders for 
conservational programs, mainly drawing revenues from the general public (Temple, 2015). 
Part of the entrance fees paid by tourists and locals, as well as money from doners who feel like 
doing their part for animal conservation, are used to fund these initiatives. Special events like 
the birth of an exotic baby animal, brings in large crowds to the zoo(entrance fees) and 
indirectly highlight captive breeding programs that they have in zoos to the public(donations) 
(Temple, 2015). Once they are educated with the current issues and affairs of animal extinction, 
they become the indirect funders of conservation. This allows conservation strategies using 
microbes to be more feasible and further enhance the success rate of managing endangered 
populations. 

Conclusion  

I did learn that microorganisms has many functions and uses in our body or in real life 
applications, but I did not expect microbes to have a role in conservation as well. It just further 
illustrates how versatile the functions of microbes on all forms of life and how beneficial these 
tiny organisms can bring to the world. In this topic, since we discover how crucial 
microorganism’s role is in conservation, we should perfectly execute these conservational 
strategies with microbes in the picture and maximize the success rate of saving threatened 
species. I think this is the least human population should do for nature as we are the main 
culprit for the rapid environmental changes that leads to the extinction of many species. 
Therefore, we should take up the responsibility and try our best to save what is left in our 
ecosystem. 
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