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The central aim of conservation biology is to understand and mitigate the

effects of human activities on biodiversity. To successfully achieve this objec-

tive, researchers must take an interdisciplinary approach that fully considers

the effects, both direct and indirect, of anthropogenic disturbances on wildlife

physiology and health. A recent surge in research has revealed that host-

associated microbiota—the archaeal, bacterial, fungal and viral communities

residing on and inside organisms—profoundly influence animal health, and

that these microbial communities can be drastically altered by anthropogenic

activities. Therefore, conservation practitioners should consider the disruption

of host-associated microbial diversity as a serious threat to wildlife popu-

lations. Despite the tremendous potential for microbiome research to

improve conservation outcomes, few efforts have been made to truly integrate

these fields. In this review, we call for the microbial renaissance of conservation

biology, where biodiversity of host-associated microbiota is recognized as an

essential component of wildlife management practices. Using evidence from

the existing literature, we will examine the known effects of anthropogenic

activities on the diversity of host-associated microbial communities and

integrate approaches for maintaining microbial diversity to successfully

achieve conservation objectives.
1. Introduction
Biodiversity—generally defined as the variety of life, genetic material and func-

tional traits—is essential for long-term ecosystem stability [1]. Unfortunately,

anthropogenic activities have resulted in dramatic losses of biodiversity world-

wide, thereby threatening the functioning of ecosystems, their ability to support

robust ecological communities and their resistance to environmental change

[1,2]. The primary objectives of conservation biology are to evaluate anthropo-

genic impacts on biodiversity and to develop practical approaches to prevent

the extinction of species [3,4]. To successfully achieve these objectives, we

must take an interdisciplinary research approach that fully considers the effects,

both direct and indirect, of anthropogenic disturbances on wildlife physiology

and health [5–7].

A recent surge in research has demonstrated that host-associated micro-

biota—the archaeal, bacterial, fungal and viral communities residing on and

inside organisms—profoundly influence host health through their impacts on

the immune system, digestion, development and even behaviour (reviewed in

[8–11]). Host-associated microbial communities are governed by the same

ecological principles shaping macro-ecological systems (reviewed in [12]),

most notably the influence of extrinsic environmental factors on community

http://crossmark.crossref.org/dialog/?doi=10.1098/rspb.2018.2448&domain=pdf&date_stamp=2019-01-23
mailto:brian.trevelline@gmail.com
https://dx.doi.org/10.6084/m9.figshare.c.4358525
https://dx.doi.org/10.6084/m9.figshare.c.4358525
http://orcid.org/
http://orcid.org/0000-0002-4514-0467
http://orcid.org/0000-0002-2448-8800
http://orcid.org/0000-0003-1126-2949


royalsocietypublishing.org/journal/rspb
Proc.R.Soc.B

286:2018244

2
composition. The susceptibility of these communities to

environmental factors suggests that anthropogenic habitat

disturbances (e.g. deforestation, pollution and urbanization)

may adversely affect wildlife fitness and survival through

disruption of the physiological and performance-related

benefits of microbiota, but this mechanism has not been

sufficiently explored.

Despite a widely recognized need for microbiome research

to be placed in a more ecological context [13–15], especially as

it applies to wildlife conservation [16,17], few efforts have been

made to truly integrate these fields, especially in a way that

might actually address current management practices. In this

review, we call for the microbial renaissance of conservation

biology, where biodiversity of host-associated microbiota is

recognized as an essential component of wildlife management

practices. To justify this perspective, we will use evidence

from the existing literature to examine (1) the effects of

anthropogenic activities on the diversity of host-associated

microbiota, (2) approaches for maintaining this microbial

diversity, and (3) how conservation practitioners and micro-

biome researchers can work together to achieve conservation

objectives.
8

2. Threats to host-associated microbial
biodiversity

Conservation biologists have identified land-use change,

environmental contamination, climate change and infectious

disease as some of the most pressing and pervasive threats

to biodiversity on our planet [2]. Building on a vast body of

literature that demonstrates the direct effect of these threats

on wildlife populations, recent research has revealed that

these same factors may indirectly affect host health by altering

their associated microbial communities. In box 1, we highlight

several representative studies to demonstrate how each threat

has been shown to affect these communities across a variety of

host taxa. In the context of wildlife management, the impact of

captivity on host-associated microbial communities is well

described, and thus has been included as a threat to microbial

biodiversity. While our literature search was not systematic,

we have included an expanded reference list (electronic

supplementary material, table S1) to further demonstrate the

commonplace nature of these effects. Below, we discuss in

more detail (1) the mechanisms that may be responsible

for the impacts of each threat on microbial communities, and

(2) the potential consequences of these alterations for host

health, survival and fitness.

(a) Land-use change
Anthropogenic land-use change may primarily alter the gut

microbiome through dietary mechanisms, such as shifting

food availability, quality or diet composition in degraded habi-

tats. For example, black howler monkeys (Alouatta pigra) living

in fragmented forests consume less diverse diets of lower qual-

ity than their conspecifics in continuously forested habitats

[19]. Lack of variety in available substrates for microbial diges-

tion may explain the concurrent reductions in gut microbiota

diversity observed in these animals [19]. Effects of dietary

perturbations on gut microbial communities may be less

pronounced in generalist host species that can readily exploit

new food sources [52], thus buffering these species from
anthropogenic habitat degradation, whereas taxa with more

specialized foraging ecology may be more vulnerable [18].

Associations between skin microbial community alterations

and land-use change are likely to be due to shifts in the avail-

ability of microbes that can colonize hosts, as environmental

microbial communities can be affected by anthropogenic

land-use changes [53]. These patterns could also be driven by

increased stress among hosts living in degraded habitats,

which can alter host-associated microbial communities [54].

Loss of gut microbiota, whose functions are particularly

important for their hosts, may underlie some of the fitness

costs incurred by animals occupying disturbed habitats.

Amato et al. [19] demonstrated that gut microbial communities

of black howler monkeys living in fragmented forests are

depleted of microbes that produce butyrate—a short-chain

fatty acid that functions as the primary energy source for mam-

malian colon cells [55]. Thus, loss of these taxa may disrupt

energy homeostasis in the gut, with negative consequences

for host health. Furthermore, in comparison with conspecifics

occupying continuously forested habitat, the gut microbial

communities of threatened red colobus monkeys (Procolobus
gordonorum) inhabiting fragmented forests harbour signifi-

cantly fewer microbial taxa involved in the degradation of

tannins—toxic xenobiotics present at high abundance in the

diet of these folivorous primates [18]. Loss of the ability to

detoxify their primary food sources may reduce host fitness.

(b) Environmental contamination
Environmental contaminants can alter host-associated

microbial communities through displacement of native bac-

terial taxa by those capable of withstanding chronic exposure

to toxic compounds. For example, the gut of isopods collected

from mercury-contaminated habitats harboured significantly

greater numbers of mercury-resistant bacteria when compared

to those from uncontaminated sites [56]. Similarly, bacteria

obtained from the skin of frogs living in habitats contaminated

with acid mine drainage exhibited significantly greater toler-

ance when challenged with toxic effluent in the laboratory

than bacteria isolated from frogs living at multiple uncontami-

nated reference sites [57]. Additionally, contamination alters

the composition of environmental microbial communities

[58], therefore impacting the reservoir of microbes available

in these habitats for ingestion into the gut or inoculation onto

the skin.

Environmental contamination may impact host health

directly through the loss of functionally important microbes.

Honeybees (Apis mellifera) exposed to pesticides harbour gut

microbiomes depleted of sugar metabolism and protease

activities [25]. These functions are critical for nectar proces-

sing, and their loss may therefore lead to downstream effects

on honeybee health. The negative physiological consequences

of taxa loss may be compounded by the ability of gut micro-

biota to transform contaminants into more toxic metabolites

within the body [59]. For example, Pinyayev et al. [60] reported

the transformation of a heavy metal, arsenate, into toxic oxyar-

senicals and thioarsenicals by anaerobic bacteria in the mouse

caecum, increasing the bioavailability, and potentially the

toxicity, of this compound.

(c) Climate change
The impacts of climate change (increased temperature, acidifi-

cation, etc.) can directly affect microbial reservoirs available for



Box 1. Documenting the threats to host-associated microbial communities.a

land-use change

— habitat fragmentation is associated with reductions in diversity and altered community composition

of the mammalian gut [18,19] and amphibian skin microbiomes [20]

— urbanization decreases bacterial richness and alters the community composition and functional

profile of the bird gut microbiome [21]

— amphibians living in agricultural habitats have distinct gut microbial community composition from

those living in natural habitats [22]

contamination

— heavy metal exposure decreases diversity and alters the community composition of the fish gut

microbiome [23]

— exposure to polychlorinated biphenyls alters the community composition of the larval amphibian

gut microbiome, which persists in the adult life stage [24]

— pesticide and herbicide use are, respectively, linked to compositional changes in the gut microbiome

of insects [25] and the skin microbiome of larval and adult amphibians [26]

climate change

— increased temperature results in losses of diversity and alterations to the community composition of

reptile [27] and amphibian [28] gut microbiomes

— warming ocean temperature alters the assemblage of the microbial communities associated with

marine sponges [29]

— ocean acidification reduces diversity and alters the community composition of coral associated

microbes [30]

infectious disease

— parasite infection can decrease diversity of the bird gut microbiome [31], and alter community

composition of the mammalian [32 – 34] and amphibian [35] gut microbiomes

— viral infections alter the community composition of the bird gut microbiome [36] and amphibian

skin microbiome [37]

— cutaneous fungal infection alters skin microbial communities of amphibians [38], the degree of

which increases with pathogen load [39]

captivity

— gut microbial communities of fish [40], reptiles [41], birds [42] and mammals [43 – 47], and skin

microbial communities of amphibians [48,49] and reptiles [50], are distinct between captive

individuals and their wild conspecifics

— mammalian gut microbial communities [47] and amphibian skin microbial communities [48,51] are

less diverse in captivity than in the wild

aRepresentative studies were selected in an effort to incorporate the widest variety of host taxa and specific threats. An expanded reference list further
documenting these threats is available in electronic supplementary material, table S1.
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host colonization by altering environmental microbial commu-

nities [58,61]. Additionally, these impacts may also indirectly

alter host-associated microbial communities through their

effects on host physiology. For example, as corals become

stressed by warming and acidifying conditions, they can

release antibacterial compounds [62], which may impact the

diversity or composition of their associated microbial commu-

nities. In amphibians, elevated temperature accelerates skin
sloughing, which can ultimately reduce the abundance of

cultivable cutaneous microbes by up to 100% [63].

Alterations to host-associated microbial communities

induced by climate change may negatively impact host

health through the breakdown of symbiotic relationships or

the loss of important microbial functions. A 2.58C increase

from ambient temperatures dramatically decreased abun-

dance of an obligate insect gut bacterial symbiont, resulting
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in reduced host growth and body size [64]. In the salamander

gut microbiome, Fontaine et al. [28] reported the simul-

taneous reduction in abundance of protective bacteria, with

increases in abundance of potentially pathogenic taxa at

elevated temperatures. Corals stressed by ocean warming

and acidification have microbiomes that are distinct from

healthy hosts, and experience concurrent physiological

declines including reductions in calcification rates and algal

carbohydrate concentrations [30]. In such cases, the loss of

microbial symbionts may not recover even after conditions

stabilize. In sponges, Ramsby et al. [29] demonstrated a loss

of important microbial taxa at increased water temperatures,

and a failure of individuals to regain these symbionts after

temperature returned to baseline levels. Furthermore,

bacterial taxa that are retained may still lose important func-

tions. For example, protective microbes on amphibian skin

lose their ability to inhibit growth of the pathogenic fungus

Batrachochytrium dendrobatidis (Bd) at high temperatures [65].

These negative consequences for host health may ultimately

scale up to impact animal fitness, as Bestion et al. [27]

reported a correlation between the loss of microbial commu-

nity diversity under simulated climate change conditions and

reductions in animal survival.
(d) Infectious disease
Direct interactions between pathogens and symbionts is one

mechanism by which infectious disease can impact host-

associated microbial communities. In rodents, the gut

microbial communities of individuals infected with a para-

sitic helminth are remarkably similar to those of the adult

worms themselves, indicating the potential for transfer of

foreign microbes from parasite to host [34]. Furthermore,

infection with different species of helminths yields distinct

changes to the gut microbiome, indicating that microbiota

can respond to the identity of the specific pathogen [32].

Infection by Bd, a fungal pathogen with cell walls composed

primarily of chitin, results in opportunistic increases of chitin-

degrading bacteria on amphibian skin [38]. Infectious disease

may also influence host-associated microbial communities

through indirect mechanisms, such as host behavioural

changes. In birds, Knutie [31] reported an increase in nest

provisioning by parents of offspring infected with parasitic

larvae, thereby affecting nestling gut microbial community

composition, possibly through a change in food quantity [66].

Disease-altered host-associated microbial communities

may disrupt normal physiological functioning, ultimately

impacting host health. Knutie [31] demonstrated that birds

infected with parasitic larvae exhibit reduced gut microbial

diversity, which is linked to diminished antibody levels in

these individuals. Through this feedback loop, initial para-

sitic infection may impact microbial communities such that

these individuals are at an increased risk for future infections.

In Coquerel’s sifakas (Propithecus coquereli), infection with the

protozoan Cryptosporidium reduces overall diversity of the

gut microbiome, while enriching taxa known to be associated

with enteric dysfunction in humans, including inflammation

and shortened gut transit time [33]. These obligate folivores

depend on long gut transit times and microbial processes to

fully extract dietary nutrients, and therefore the resulting

effects on host digestion could be debilitating. Furthermore,

after infection clearance, the microbiome was slow to recover
to its original state, indicating the potential for long-lasting

physiological consequences [33].
(e) Captivity
Captivity can profoundly alter host-associated microbiota

through a variety of mechanisms, including transitions from

natural food sources to less diverse or compositionally different

diets, a reduction in environmental microbial reservoirs, co-

habitation with other species and antibiotic administration.

Clayton et al. [43] reported that non-human primate species

harbour distinct gut microbiomes in the wild, but these

communities become similar in captivity due to reductions in

dietary fibre content. In red-eyed tree frogs (Agalychnis
callidryas), dietary carotenoid availability is associated with

community composition and diversity of the skin microbiome,

and captive individuals fed a carotenoid-enhanced diet

harbour a richer community than those fed a carotenoid-free

diet [67]. Captive diets may have a greater impact on the

microbial communities of specialist host species as opposed

to generalists. In woodrats, a dietary specialist (Neotoma
stephensi) lost a greater proportion of native gut microbiota in

captivity as compared with a generalist (Neotoma albigula)

[44]. Furthermore, co-habitation in captivity can homogenize

microbiomes between individuals and species [68]. For

example, the skin microbial communities of two fruit bat

species (Artibeus jamaicensis and Carollia perspicillata) housed

together in captivity were more similar to one another than

conspecifics housed separately [69]. Including a natural

microbial reservoir in captivity may help to ameliorate some

of these effects. For example, housing captive red-backed

salamanders (Plethodon cinereus) in soil from their natural

environment enabled greater retention of native microbes on

the skin as opposed to conspecifics in typical laboratory

media [49].

Lack of a robust, native microbial community may underlie

poor animal health in captivity, and the low success rate of

some reintroduction programmes. For example, cheetahs

(Acinonyx jubatus) experience reduced reproductive rates and

increased mortality in captivity [45]. The most common

cause of mortality is bacterial infection [70], which may be

due to the significant increases of pathogenic taxa and the

enrichment of disease-associated pathways in the functional

profile of gut microbiota in captivity [45]. Similarly, in the

endangered western capercaillie (Tetrao urogallus), captive indi-

viduals exhibit increased richness of bacterial taxa associated

with intestinal dysfunction, which has been suggested as a

factor contributing to failed reintroductions [42]. Attempts to

eliminate problematic taxa with antibiotics may actually

result in further adverse health outcomes as these compounds

also reduce the abundance of beneficial microbiota [71]. For

example, Chlamydia infections are highly prevalent in captive

koalas (Phascolarctos cinereus), which are treated with anti-

biotics. Dahlhausen et al. [46] report that individuals that

underwent antibiotic therapy and subsequently died

harboured gut microbial communities reduced in diversity

and abundance of tannin-detoxifying bacteria essential to

koala nutrition and survival. Finally, captive environments

may reduce populations of beneficial host-associated microbes

directly, with downstream effects on host health. For example,

the skin microbiome of boreal toads (Anaxyrus boreas) reared in

captivity lacks the diversity of Bd-inhibiting bacteria harboured

by wild conspecifics [51]. Upon experimental inoculation with
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Bd, 100% of captive individuals became infected, which may

have been driven by their lack of protective bacteria, as survival

in these individuals increased by 40% after subsequent

treatment with a probiotic [51].

( f ) Summary
Although different mechanisms may be responsible for their

effects, all aforementioned threats are capable of affecting

the diversity, community composition and function of host-

associated microbial communities. While many studies have

correlated these impacts with changes in host physiology

and impaired health, identification of causal links between

specific microbial perturbations, reduced animal fitness and

population level declines will be essential to preserve host-

associated microbial biodiversity as a means to achieve

desired conservation objectives.
c.B
286:20182448
3. Maintaining host-associated microbial
biodiversity to achieve conservation objectives

The advent of culture-independent microbial inventories and

metagenomics enables the characterization of ‘core’ microbial

taxa and genes across animal hosts, and the investigation of

these potentially essential functions in an ecological and evol-

utionary context. It is thought that host-associated microbiota

provide the means for rapid ecological adaptation in response

to changes in local environmental conditions [72]. Therefore,

it may be useful to expand the focus of conservation biology

beyond preserving taxonomic and genetic diversity to

include host-associated microbial diversity. This may be

challenging, as geographically separated animal populations

may harbour distinct microbial communities that are adapted

to their local environments [73]. Additionally, microbial

communities and their associated functions change over the

lifetime of hosts [74]. The geographical and temporal speci-

ficity of host–microbe interactions should be taken into

consideration when conducting animal translocations or

reintroductions, as there may be mismatching between an

individual’s microbiome and its new environment [73] or

between native and introduced conspecifics [75].

Host-associated microbial communities could also pro-

vide valuable baseline data for the detection of dysbioses

(health problems caused by an imbalance in gut microbiota)

caused by environmental disturbances, or as a new metric

for assessing the efficacy of habitat restorations. The idea of

using the microbiome as an indicator or index of host

health has received attention in some systems [76]. However,

even in the medical field it is currently extremely challenging

to recognize or identify a ‘healthy’ baseline microbial

community, distinguish between cause and effect in commu-

nity changes, and determine whether these changes have

functional consequences for the host [77]. Therefore, conser-

vation practitioners and microbiome researchers must work

together to identify reliable microbial indicators that reflect

the specific conservation needs of the host.

As discussed above, host-associated microbial commu-

nities are often altered by captivity, which may hinder the

success of species recovery programmes. However, these

effects may be ameliorated by practices that minimize the

most influential aspects of captivity and foster a more diverse

microbiome. Natural exposure to environmental microbial
reservoirs is thought to be important for maintaining

microbial diversity, either through competition with immi-

grant microbiota or through regular colonization of specific

bacteria [49]. Among captive animals, the inclusion of natural

substrates (e.g. sand, water or access to natural habitat) has

been shown to foster more abundant and diverse microbial

communities [49,78]. It is important to note, however, that

these approaches may pose health risks if microbial reservoirs

contain pathogenic micro-organisms or chemical contami-

nants. Therefore, care must be taken in the selection of

candidate microbial reservoirs for captive wildlife.

Hosts themselves can also serve as microbial reservoirs

via contact with sympatric individuals [79], or even intra-

individually across host tissues through self-inoculation

[80]. Facilitating these interactions through conspecific co-

habitation has been shown to increase microbial transmission

between individuals and improve microbial community

diversity [81], and thus could help to maintain natural micro-

biota and ameliorate the negative effects of captivity. Parental

contact in early life may provide offspring with bacteria

essential for major developmental events [82], and thus

depriving captive individuals of natural interactions may dis-

rupt necessary microbial transmission and be detrimental to

the fitness of reintroduced wildlife. Indeed, early-life disrup-

tions to microbial communities have been shown to influence

the long-term trajectory of microbial communities [74], which

may, in turn, affect the microbial community assembly of

offspring via pre-natal transmission [83].

Because host diet largely determines the availability of ener-

getic substrates that select for certain microbial taxa [84], care

should be taken when designing captive diets. Greene et al.
[78] demonstrated that the composition and function of gut

microbiota among captive lemurs was rapidly altered by diet,

and that more complex diets foster diverse gut microbial com-

munities. It is thought that gut microbiota are also influenced

by microbes contained on or within food items [85], suggesting

that diets closely resembling those of wild conspecifics may

help to maintain natural microbial communities among captive

individuals. Furthermore, certain dietary nutrients have also

been shown to foster abundant and taxonomically rich

cutaneous bacterial communities in amphibians, possibly due

to changes in dermal mucus production or immune function

[67,86]. Therefore, breeding programmes should consider the

potential impacts of industrially processed diets, and instead

provide foods similar to those found in their native habitat to

perhaps mitigate the loss of native microbiota.

Bioaugmentation, via probiotic therapy or microbiome

transplantation, has emerged as a promising new strategy

for mitigating disease risk and improving the health of both

captive and wild animals [87]. For example, application of

the probiotic Janthinobacterium lividum to the skin of amphi-

bians decreases morbidity and mortality associated with Bd
infections [51,88]. The positive effects of bioaugmentation

appear to persist for several months after inoculation [88],

and beneficial microbiota may even self-propagate through

wildlife populations via inter-individual transmission [79];

however, the long-term stability of bioaugmented microbiota

is unknown. Regardless, these results suggest that bioaugmen-

tation of gut microbiota may also provide health benefits

(figure 1), and thus conservation practitioners should consider

implementing this technique in imperilled wildlife based on

well-defined conservation objectives (box 2). While the poten-

tial benefits of bioaugmentation on wildlife management are



Box 2. Integrating microbiome and conservation research to enhance species recovery.

Many threatened and endangered species undergo captive breeding programmes to facilitate species recovery. For over

50 years, the captive rearing and reintroduction of the endangered whooping crane (Grus americana) has been necessary

to prevent extinction and accelerate recovery of this once abundant migratory bird. While the reintroduction of captive

reared chicks has helped to increase the number of whooping cranes in the wild, two on-going reintroductions are not

yet self-sustaining, and one remnant reintroduced population in Florida is likely to be extinct within the next few years.

The recovery of whooping cranes is primarily limited by fledging success and hatch year survival [89]. Therefore,

conservation scientists, often wearing crane costumes to avoid imprinting (figure 1a), have resorted to artificially rearing

crane chicks to increase the likelihood of survival and enhance crane population recovery. However, artificially reared

whooping crane chicks often exhibit high rates of respiratory ailments, slower growth rates, reduced survival and poor reduc-

tive output in the wild.

Can microbial transplants improve the health of artificially reared chicks?

Studies in other crane species have demonstrated that artificial rearing reduces the diversity of the gut microbiome in chicks

[90]. This reduced gut microbial diversity during development may have life-long impacts on crane health (figure 1a). It is

possible that adverse health outcomes may be ameliorated through microbial transfers. In general, the process is to collect

donor material, dilute with saline, homogenize, filter to remove particulate matter and inoculate into a recipient via oral

gavage [91]. Donor material can then be frozen and thawed for later administration [92]. For whooping cranes, faecal samples

from healthy adults could be collected and inventoried using bacterial 16S rRNA sequencing, then gavaged to artificially

reared chicks within the first few days of life. This approach could ‘rescue’ the microbiome of artificially reared chicks,

thereby improving their health and fitness following reintroduction into the wild (figure 1b).
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Figure 1. Integrating microbiome and conservation research to enhance recovery of the endangered whooping crane. (a) The microbiomes of parent-reared
and artificially reared crane chicks differ in gut microbiota composition. (b) Artificially reared crane chicks have reduced survival and increased rate of
respiratory ailments, but transplanting the microbiome from healthy adult cranes into artificially reared chicks may ameliorate adverse health outcomes.
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exciting, less than 2% of all probiotic research has been

directed at ecological applications [93]. For example, the

success of bioaugmentation may be dependent on host [94]

and environmental factors [95], thus some conditions may

be more optimal for bioaugmentation than others. The effec-

tive transplantation of microbiota may sometimes require a

reduction in resident microbes via antibiotic treatment [87],

which may eliminate essential microbiota and lead to dys-

bioses. In any case, rigorous characterization and screening

of candidate microbial taxa must be conducted to ensure

that manipulation will not result in off-target effects on

native microbial communities or adverse health outcomes.

It is important to note that any manipulations of host gut
microbial communities should be independently evaluated

by veterinarians and institutional animal use committees to

mitigate potential negative impacts on host health and to

ensure that such procedures are acceptable under federal laws.
4. Working together: how conservation biologists
and microbiome researchers can combine
efforts to aid conservation

Bridging the fields of conservation biology and microbiome

science will require communication and collaboration
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between experts in each field. However, this process involves

numerous challenges, such as clarifying definitions that vary

across fields, or communicating objectives and limitations

for each side [7]. For example, if a captive individual of

an endangered species is experiencing symptoms of a

pathogenic bacterial infection, it may be treated with

a broad-spectrum antibiotic in accordance with the standard

procedures of the conservation institution. While this

antibiotic treatment may complicate the interpretation of

microbiome data, it is the opinion of the authors that conser-

vation practices and objectives should take priority when

designing experiments and collecting samples. That being

said, such a treatment might also open up the opportunity

for collaboration. For example, microbiome scientists can

analyse how standard antibiotic treatment impacts the micro-

biome of captive animals [46], the results of which can be

used by conservation practitioners to help weigh the costs

and benefits of subsequent treatment.

The objective of this review is to highlight the relevance,

possibilities and potential benefits of microbiome research for

the field of conservation. Despite the challenges associated

with integrating microbiome research into current wildlife

management practices, conservation biologists and micro-

biome scientists have much to offer each other. Conservation

biologists often have great familiarity with the problems,
challenges and opportunities that exist within their systems,

and may have specific research objectives already in mind

that may relate to the microbiome (e.g. the effect of land use

practices on the gut microbiome of wild animals). In return,

microbiome scientists can provide technical expertise while

relaying the limitations of microbiome science, thereby circum-

venting tendencies to overhype results [96]. Regardless of

the study objective, experimental design is one of the most

important factors influencing the downstream results and

interpretations of microbiome studies [97]. Therefore, it is

imperative that conservation biologists and microbiome scien-

tists communicate early and often throughout collaborations,

and be flexible and receptive to the needs of each side [7]. If

implemented properly, the merging of ideas and techniques

from these two fields can produce novel and meaningful results

with the potential to increase our scientific understanding

while advancing the field of wildlife conservation.
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