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Abstract

Background: Fire strongly affects animals' behavior, population dynamics, and environmental surroundings, which
in turn are likely to affect their immune systems and exposure to pathogens. However, little work has yet been
conducted on the effects of wildfires on wildlife disease. This research gap is rapidly growing in importance
because wildfires are becoming globally more common and more severe, with unknown impacts on wildlife
disease and unclear implications for livestock and human health in the future.

Results: Here, we discussed how wildfires could influence susceptibility and exposure to infection in wild animals,
and the potential consequences for ecology and public health. In our framework, we outlined how habitat loss and
degradation caused by fire affect animals’ immune defenses, and how behavioral and demographic responses to
fire affect pathogen exposure, spread, and maintenance. We identified relative unknowns that might influence
disease dynamics in unpredictable ways (e.g., through altered community composition and effects on free-living
parasites). Finally, we discussed avenues for future investigations of fire-disease links.

Conclusions: We hope that this review will stimulate much-needed research on the role of wildfire in influencing
wildlife disease, providing an important source of information on disease dynamics in the wake of future wildfires
and other natural disasters, and encouraging further integration of the fields of fire and disease ecology.
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Resumen

Antecedentes: | os fuegos afectan fuertemente el comportamiento animal, su dindmica poblacional y su entorno
ambiental, lo que a su vez probablemente afecte su sistema inmune y exposicién a patégenos. Sin embargo, muy
pocos trabajos han sido desarrollados sobre los efectos de los incendios en las enfermedades de la fauna silvestre.
Esta brecha en la informacion cientifica estad creciendo rapidamente, pues los incendios a nivel global estan siendo
mas comunes y mas severos, con impactos desconocidos en las enfermedades de la fauna silvestre y sin claras
implicancias futuras sobre la salud humana y del ganado doméstico.

Resultados: Discutimos acd como los incendios pueden influenciar la susceptibilidad y exposicién a infecciones en
animales silvestres, y las consecuencias potenciales para la ecologfa y la salud publica. En nuestro marco de
referencia, delineamos como la pérdida de habitat y la degradacion causada por los incendios afecta las defensas
del sistema inmune de los animales silvestres, y cémo las respuestas de comportamiento y demogréficas afectan la
exposicion, diseminacion, y mantenimiento del patdgeno. Identificamos factores relativamente desconocidos que
podrian influenciar la dindmica de las enfermedades de manera no predecible (ie, a través de alteraciones en la
composicion de la comunidad y efectos sobre parasitos de vida independiente). Finalmente, discutimos vias para
futuras investigaciones de vinculos entre fuegos y enfermedades.

Conclusiones: Esperamos que esta revision estimule la necesidad de contar con investigaciones sobre el rol de los

incendios en su influencia sobre las enfermedades de la fauna silvestre, proveyendo una fuente de informacién

importante sobre la dindmica de las enfermedades en la ocurrencia de futuros incendios y otros desastres naturales,
y propiciando una mayor integracién futura de los campos del fuego vy la ecologia de enfermedades.

L

Introduction

We inhabit an increasingly fire- and disease-prone
world. As the climate warms, many ecosystems are
experiencing hotter temperatures, earlier springs, and
dry seasons of unprecedented length and severity, which
have inevitably led to a steady global increase in the fre-
quency and extent of wildfires (Westerling et al. 2006;
Dennison et al. 2014; Jolly et al. 2015; Westerling 2016;
Kelly et al. 2020; Stephens et al. 2020; Ward et al. 2020;
Nimmo et al. 2021). Exacerbating the problem, humans
have further influenced when and where fires occur by
altering fuel availability and igniting fires, both
intentionally (e.g., with agricultural burning; Korontzi
et al. 2006) and unintentionally (e.g., through campfires;
Balch et al. 2017). Simultaneously, anthropogenic distur-
bances such as human traffic, habitat loss, degradation,
and fragmentation have altered patterns of animal and
human health. The changing climate and the ongoing
conversion of wild land for human purposes have led to
increasing cross-species parasite transmission, such that
the burden of wildlife disease is being foisted upon
human and livestock populations (Jones et al. 2008;
Morse et al. 2012) and vice versa (Fagre et al. 2021). To
highlight just a few mechanisms, habitat destruction and
climate-associated range shifts create novel contacts
among displaced wildlife, livestock, and humans
(Carlson et al. 2020a; Gibb et al. 2020); the loss of para-
site diversity destabilizes parasite communities and in-
creases the risk that an animal will transmit one of those
parasites to human populations (Carlson et al. 2017;
Sweeny et al. 2020); and anthropogenic environments

alter population dynamics and host immunity, leading
animals to host greater burdens and diversities of para-
sites (Murray et al. 2019; Gibb et al. 2020; Werner and
Nunn 2020; Albery et al. 2021a). The growing appreci-
ation of these interconnections has led to a rise in “One
Health” thinking, which focuses on the relationships be-
tween environment, animal, and human health, with the
central tenet that achieving the best results for any one
element of these three domains must take the other two
into account (Mackenzie et al. 2013; Gibbs 2014). Des-
pite the well-appreciated importance of environmental
disturbances in driving patterns of disease, the role of
fires remains surprisingly underexplored.

As vyet, relatively few studies have explicitly examined
links between fire and wildlife disease or summarized
their implications (but see Scasta 2015). This sparsity is
surprising, given that wildfires fulfill many of the re-
quirements for potentially important disease drivers.
Wildfires can profoundly shape the landscape both
acutely and in the long term (Dennison et al. 2014;
Block et al. 2016; Ward et al. 2020); they alter wildlife
population dynamics by altering movement and mortal-
ity patterns (Banks et al. 2011; Ecke et al. 2019; Pausas
2019; Harris et al. 2020); and they have a number of dir-
ect physiological effects (Erb et al. 2018; Joordaan et al.
2019). These effects could have a range of impacts on
patterns of wildlife disease; indeed, many of the studies
of fire’s disease consequences found a complex set of
positive and negative responses to fire that imply a rich
set of underlying mechanisms (Hossack et al. 2013a;
Sokos et al. 2016; Hing et al. 2017; Ecke et al. 2019).
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Why, then, have there been so few studies of wildfire
and wildlife disease? Part of this absence may be due to
the relative rarity of wildfires and their confinement to a
specific few fire-prone areas, and to a lack of focus on
fire impacts on animals relative to plants (Pausas 2019),
despite some attention paid to plant diseases specifically
(Simler-Williamson et al. 2021). Many of the studies that
have been conducted on the disease impacts of wildfire
have focused on fire’s direct, first-order impacts on en-
vironmental parasites themselves (reviewed in Scasta
2015), without necessarily considering fire’s many demo-
graphic, behavioral, and physiological consequences for
the host. Of the handful of studies that have found dif-
ferences between host—parasite communities in burned
versus unburned contexts (e.g., Hossack et al. 2013a;
Torre et al. 2013; Ecke et al. 2019), underlying mecha-
nisms are often unclear. A range of mechanisms poten-
tially link fire with downstream disease consequences,
many of which remain implicit, unexplored, or unevi-
denced. Additionally, as yet, it is unclear how these
drivers might compare in magnitude and direction, and
how these trends could vary across different hosts, para-
sites, and ecological contexts. As such, there is a growing
need for an integrative framework for conceptualizing
fire-disease interactions in wild animals to grasp the im-
plications of an increasingly flammable world.

Here, we established a framework for known and hy-
pothesized impacts of wildfires on wildlife disease. We
outlined how fires could alter host immunity, behavior,
and population dynamics, presenting hypotheses for
their effects on wildlife disease. Where possible, we
provided evidence for the links that we describe, and we
discussed the reasons for evidence gaps when they
occurred. Finally, we identified potential empirical study
systems and methodologies that could help to illuminate
and provide evidence for these diverse effects, and out-
lined future directions to anticipate fire’s implications
for wildlife and human disease in the future. We aimed
for this review to provoke increased integration between
the disparate fields of fire ecology and disease ecology,
acting both as a disease ecology primer for fire ecologists
and as a hypothesis-generating exercise for disease ecol-
ogists working in fire-prone areas. Ultimately, we aimed
to encourage a range of exciting investigations, allowing
us to more easily anticipate the One Health conse-
quences of global change in the near future.

The framework

Predicting how fires will alter patterns of wildlife disease
first requires a framework of potential pathways and in-
teractions. We provided one by considering an expansive
set of fire-related ecological effects and combined it with
conventional knowledge about the drivers of ecological
disease dynamics (Fig. 1), accompanied by a selection of
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fire- and disease-specific studies in wild animals (Table 1).
In this section, we described these links in detail, outlining
which have prior evidence and which await empirical sup-
port. These mechanisms all influence disease principally
through one of two broad pathways: either by altering
exposure to parasites (habitat destruction, mortality,
host movement, and community alteration) or by
altering immune-mediated susceptibility (stress or in-
jury and pollution).

Before outlining the framework, we accentuate that
this review is predicated on a relatively simplified selec-
tion of scenarios. Fire is highly multivariate and context
dependent, and its impacts on wildlife can vary heavily
between animal species, fire types, environmental con-
texts, and more (Engstrom 2010; Hossack et al. 2013a;
Block et al. 2016). As such, it is very difficult to draw
generalizations or to make predictions except in a very
well-understood, specific circumstance, even before con-
sidering the complexity of downstream implications for
infection. When predicting these interactions in a given
system, the processes at play will be subject to previous
rules concerning the behavioral, physiological, and
demographic consequences of fire, which are compara-
tively well understood (Engstrom 2010). In particular,
fire regimes could have a strong impact on the observed
dynamics; some fire-adapted ecosystems have been sub-
ject to regular burns for much of their existence, while,
under global change, these regimes are shifting quickly
and areas that are poorly adapted to fire are beginning
to burn. The relative importance of these processes and
their balance in determining host disease burdens will
further depend on the host-parasite system (Hossack
et al. 2013a; Torre et al. 2013). Our aim here was not to
provide final predictions for the impacts of fire on any
one system but to outline a generalized framework that
can be used to unpick patterns and test hypotheses con-
cerning fire and disease in the future. For this reason, we
have been sure to note explicitly which links have empir-
ical support and which represent reasoned hypotheses
that we are putting forward or reiterating (Fig. 1).

Habitat destruction and modification

Habitat modification is first and foremost among fire’s
effects (Block et al. 2016; Sokos et al. 2016; Ward et al.
2020; Wan et al. 2020). Depending on the fire’s type, se-
verity, extent, and length, it will burn non-resistant vege-
tation, including most non-woody plants in the vicinity,
which will alter the available resources and movement
corridors formed by these plants (Fisher and Wilkinson
2005). The loss of vegetation in an animal’s range will
reduce access to shelter such that surviving individuals
have fewer opportunities to eat, nest, thermoregulate,
and hide from predators. Some species preferentially in-
habit certain microhabitats such as snags (standing dead
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Fig. 1 Our framework for fire's potential effects on wildlife disease, detailing a series of hypothetical and proven links between factors, as
evidenced by previously published research (from 2000 to 2020) on relationships between fire and wildlife disease. We provide a variety of
mechanisms by which fire could affect either exposure or susceptibility to infection according to a priori understanding of fire and disease
systems, including positive, negative, and neutral effects. Red arrows denote positive, exacerbating, or increasing relationships; blue arrows
denote negative, inhibitory, or decreasing relationships. Purple arrows denote relationships that could be either positive or negative depending
on the situation. Solid lines denote mechanisms that have been demonstrated in the literature; dotted lines are strongly expected given links in
non-fire-related systems but have not yet been shown to link fire with downstream disease consequences. Relationships are displayed in a
pairwise fashion, so complex links must be followed along the different link colors. For example, because resources and immunity are positively
correlated (red line), habitat destruction (which depletes resources; blue line) is expected to decrease immunity. Image created

with BioRender.com

or dying trees) that may be especially vulnerable to  poor nutrition and lower condition. Nutrition quality
burning (Lydersen et al. 2019), while others may be less and quantity are integral determinants of the immune
able to find sufficient food (Mardiastuti 2020), leading to  response (Becker and Hall 2014; Altizer et al. 2018;
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Table 1 Previously published evidence (from 2000 to 2020) for relationships between fire and wildlife disease. We set out to identify
studies that tested links between wildfire, prescribed fire, or elements of fire exposure in wild and captive animals. Our search
uncovered a selection of effects and mechanisms, including positive, negative, and neutral effects, providing some evidence for
elements of our fire-disease framework. In the “effect” column, plus sign (+) denotes positive, exacerbating, or increasing
relationships; minus sign () denotes negative, inhibitory, or decreasing relationships. Findings in parentheses denote an effect on
immunity but no proven impact on disease; plus/minus sign (+/-) denotes a combination of positive and negative effects; zero (0)
denotes no detected effect. For each example, we include the location, the pyrosystem (the type of fire and the vegetation
involved), the animal, and the parasite involved. We also include the explanation for the observed pattern; when there was no
detected effect of fire on disease, no explanation is given and the cell is left blank

Reference Hosts Pathogen or immune Effect Suggested mechanism
pyrosystem metric

Parker-Fann 2020

Virginia, USA, forest; prescribed burn treatment

Migrating birds, mammals through tick vector Borrelia burgdorferi 0
Ixodes Latreille, 1795 sp. Johnson et al. 1984

emend. Baranton et al.

1992

Pascoe et al. 2020
California, USA, blue oak (Quercus douglasii Hook. & Arn) woodland vegetation; major fire sparked by vehicle exhaust

Rodents, small mammals through tick vectors Borrelia burgdorferi, - Destruction of environmental parasites
Ixodes sp., Dermacentor C.L.Koch, 1844 sp. Anaplasma

phagocytophilum (Foggie

1949) Dumler et al. 2001

Ecke et al. 2019
Sweden coniferous forest; major fire after fire-suppression regime
Bank vole (Myodes glareolus) Puumula orthohantavirus ~ + Greater contact rates in refugia
Jones et al. 2018
Western Australia bushland; intense ground and canopy bushfire
Woylie (Bettongia peniciallata) Ticks and lice 0
MacDonald et al. 2018
Southern California, USA, oak woodland; major fire sparked by cooking site

Western fence lizard (Sceloporus occidentalis Borrelia burgdorferi +/- Changes in competent host composition, and
Baird and Girard, 1852), dusky-footed woodrat environmental parasite destruction

(Neotoma fuscipes Baird, 1858), California mule

deer (Odocoileus hemionus californicus Caton,

1876)

Western fence lizard through tick vector Ixodes  Borrelia burgdorferi 0

pacificus Cooley & Kohls, 1943

Deer mouse (Peromyscus maniculatus \Wagner, Borrelia burgdorferi 0

1845) through tick vector Ixodes pacificus

Dusky-footed woodrat through tick vector Borrelia burgdorferi - Fire significantly reduced pathogen reservoir
Ixodes pacificus host population

California mule deer through tick vector Ixodes  Borrelia burgdorferi - Fire reduced host activity, decreasing tick
pacificus populations and negatively impacting pathogen

transmission
Ortega 2018

Florida, USA, wiregrass (Aristida stricta Michaux), pine (Pinus L. spp.) straw, myrtles (Myrica cerifera L.), saw palmettos (Serenoa repens [Bartram)
JKSmall); prescribed burn treatment

Cuban tree frog (Osteopilus septentrionalis Trueb  Aplectana sp. nematode - Burns kill larvae in the soil while also reducing
& Tyler, 1974) recruitment to adult subpopulation
Cuban tree frog Acuariid nematodes + Acuariid nematode abundance increases as

arthropod diversity or abundance increase post-
fire, facilitating predation by birds needed for
the Acuariid life cycle

Cuban tree frog Trematode metacercariae  + Burns enhance freshwater productivity, and are
hence beneficial to freshwater snails, that are the
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Table 1 Previously published evidence (from 2000 to 2020) for relationships between fire and wildlife disease. We set out to identify
studies that tested links between wildfire, prescribed fire, or elements of fire exposure in wild and captive animals. Our search
uncovered a selection of effects and mechanisms, including positive, negative, and neutral effects, providing some evidence for
elements of our fire-disease framework. In the “effect” column, plus sign (+) denotes positive, exacerbating, or increasing
relationships; minus sign (=) denotes negative, inhibitory, or decreasing relationships. Findings in parentheses denote an effect on
immunity but no proven impact on disease; plus/minus sign (+/-) denotes a combination of positive and negative effects; zero (0)
denotes no detected effect. For each example, we include the location, the pyrosystem (the type of fire and the vegetation
involved), the animal, and the parasite involved. We also include the explanation for the observed pattern; when there was no
detected effect of fire on disease, no explanation is given and the cell is left blank (Continued)

Reference Hosts

pyrosystem metric

Pathogen or immune

Effect Suggested mechanism

Black et al. 2017
Northern California, USA, forests; major fires in regular fire regime

Rhesus macaque monkey (Macaca mulatta
Zimmermann, 1780)

Sokos et al. 2016

Immune regulation (+)

intermediate hosts

Negative impact of wildfire smoke exposure in
monkeys

Greece Aleppo pines (Pinus halepensis, Miller), broadleaf shrubs, and agricultural fields; moderate and severe fires

Brown hare (Lepus europaeus Pallas, 1778)

European Brown Hare 0

Syndrome virus

Bowen et al. 2015

Central California, USA, chaparral and oak woodland; major fire in regular fire regime

Sea otter (Enhydra lutris)

Fuentes et al. 2010

Spain forests and cultivated land; major fire in regular fire regime

Immune transcriptomics (+)

Pyrogenic chemicals require changes in immune
expression to detoxify

Wood mouse (Apodemus sylvaticus Linnaeus, Helminths 0
1758)
Hossack et al. 2013b
Montana, USA, wetlands; regular fire regimes
Boreal toad (Anaxyrus boreas boreas) Chytrid fungus - Post-fire environment non-favorable to the
(Batrachochytrium pathogen, may increase resistance
dendrobatidis)
Hossack et al. 2013a
Montana, USA, wetlands; regular fire regimes
Long-toed salamander (Ambystoma Soil-transmitted nematode - Fire decreased salamander abundance, rendered
macrodactylum Baird, 1950) (Cosmocercoides variabili soil conditions unsuitable for the pathogen
Harwood, 1930)
Columbia spotted frog (Rana pretiosa luteiventris ~ Aquatically transmitted + Burn increased tadpole density

Thompson, 1913)

nematode (Gyrinicola

batrachiensis Walton,

1929)

Becker et al. 2018; Strandin et al. 2018), and thus the
destruction of optimal foraging opportunities could se-
verely undermine the host disease resistance, increasing
disease prevalence in the wake of a fire. Reciprocally, the
post-fire environment will be more suitable for some an-
imals, particularly those adapted to fire-prone landscapes
(Pausas 2019; Nimmo et al. 2021). For example, due to
the reduction in available hiding places, modified habitat
may be more suitable for avian predators (Hradsky
2020), unless the fire destroys suitable perch sites (Torre
and Diaz 2004). Fire’s effects can also enduringly alter

many microclimatic factors like humidity, temperature,
and acidity (Vermeire et al. 2021). These could directly
affect hosts’ immune systems (Becker et al. 2020) or
could alter their physiology, affecting their ability to
thermoregulate, move, digest food, or raise young, with

potential downstream impacts on immunity and
infection.
There is some evidence that fire can reduce an

animal’s fitness by reducing habitat suitability. A study
in grey-headed flying foxes (Pteropus poliocephalus
Termminck, 1825) following bushfires in eastern Australia
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showed that a reduction in available foraging habitats was
associated with substantially reduced survival prospects
(Baranowski et al. 2020). The bats also had to newly com-
pete with black flying foxes (Pteropus alecto Termminck,
1837) for resources within their new fire-induced habitat
(Baranowski et al. 2020). The proximate mechanisms lead-
ing to these fitness deficits are unclear, but living in un-
suitable habitats is often associated with increased disease
(e.g., in bumblebees [Bombus impatiens Cresson, 1863];
McNeil et al. 2020). Disease is therefore a feasible explan-
ation for reduced fitness in fire-altered landscapes that de-
serves investigation where all three (fire, disease, and
fitness) are quantifiable.

Effects on free-living parasites

Fire’s destructive effects are not restricted to vegetation:
the flames may also kill or inactivate parasites in the en-
vironment, which could reduce the ecosystem’s burden
of disease on a massive scale, such that animals are less
often exposed and therefore exhibit lower burdens
(reviewed in Scasta 2015). Fundamentally, this process
may be most relevant for parasites that exhibit long-
lived environmental stages such as ticks, soil-transmitted
helminths (parasitic worms), or spore-forming bacteria.
However, there is some variation in fire susceptibility
within these categories, and environmentally latent para-
sites often exhibit surprising hardiness to ecological in-
sults. For example, although ticks spend long periods in
the environment and should have little protection
against a blaze, in fires in Californian, USA, they have
been shown to be capable of surviving in soil refugia
(MacDonald et al. 2018). The majority of studies that we
found that examined environmental parasite destruction
examined ectoparasites (and some helminths), rather
than microparasites such as viruses, bacteria, and proto-
zoa. Additionally, they rarely included measures of host
burdens alongside environmental parasite counts (e.g.,
tick counts on trapped rodents alongside those obtained
through tick dragging in the environment).

It is important to note that even the destruction of en-
vironmental parasites will not necessarily be universally
beneficial for a population’s disease burden. Multiple
parasite species often exist as a mixed community that
interacts through their hosts’ behavior and immune sys-
tems, and removing one parasite could paradoxically
worsen infection with another by destabilizing this com-
munity (Pedersen and Fenton 2007; Telfer et al. 2010;
Budischak et al. 2018). Coinfection dynamics and para-
site community interactions are important for determin-
ing host resistance (Sweeny et al. 2020) and fitness
(Telfer et al. 2010). Perturbing one aspect of the
system—namely, by removing all environmental ticks
and helminths—is unlikely to leave the rest of the
parasite community unperturbed. For example, a study
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in Peromyscus Gloger, 1841 mice found that experimen-
tal removal of gastrointestinal helminths resulted in in-
creased prevalence of zoonotic Sin Nombre virus (SNV;
Sweeny et al. 2020). When wildfires reduce environmen-
tal loads or diversities of helminth communities (Torre
et al. 2013), the consequences for other infections could
be unpredictable. Coinfection dynamics in the wild are
the rule rather than the exception (Pedersen and Fenton
2007), and it is therefore possible that the wide removal
of environmental parasites will merely lend a hand to
the other parasites in the system.

Rather than destroying parasites, fire may sufficiently
modify the environment that parasites are less able to
develop and achieve onward transmission, similar to its
implications for hosts’ microclimates (see above); this
was suggested to be the case with chytrid fungus (Batra-
chochytrium dendrobatidis Longcore, Pessier & Nichols
1999) infection in boreal toads (Anaxyrus boreas boreas
Baird and Girard, 1852) (Hossack et al. 2013b). A recent
analysis found that fires in South African grasslands have
widespread effects on fungal and bacterial communities,
through a combination of altered elemental composition,
microclimate, and vegetation (Vermeire et al. 2021). On
the other hand, fire could create environmental condi-
tions that exacerbate pathogen transmission. For ex-
ample, smoke and changes in air currents could increase
the transmission of dust-borne pathogens like Cocci-
dioides G.W.Stiles, 1896 (Pearson et al. 2019). Smoke
has been suggested as an important dispersal agent for a
wide range of bacterial and fungal pathogens, with un-
certain consequences to date (Kobziar and Thompson
2020). In sum, the direct effects of fire on a given patho-
gen’s survival and transmission in the environment
could range from total extirpation to a massive transmis-
sion bonus, depending on the pathogen’s biology. As
such, the previous focus on fire as an environment-
cleansing force that will reduce the environmental bur-
den of parasites may not necessarily be warranted, and
ecologists should avoid assuming that a recently burned
area will have few environmental parasites.

Host mortality

The heat and disturbance of fire can kill or directly in-
jure animals (Erwin and Stasiak 1979; Kelly et al. 2015;
Joordaan et al. 2019; Harris et al. 2020), which could
have several non-exclusive impacts on disease. Perhaps
surprisingly, we suggest that these mortality effects will
mostly reduce the burden of disease because they often
decrease population density in the affected area (Dawson
et al. 2007; Hossack et al. 2013a; Sokos et al. 2016;
Dwiyahreni 2020). Because less-dense populations may
offer less-frequent contact events (Sanchez and Hudgens
2015; Albery et al. 2021c), reduced density could lead to
reduced transmission and maintenance of density-
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dependent pathogens (Cote and Poulin 1995; Hossack
et al. 2013a). This effect could also reduce risk for
interspecific transmission to humans (“spillover”). For
example, Ecke et al. (2019) found that bank vole (Myodes
glareolus Schreber, 1780) populations in fire-afflicted areas
posed a lower spillover risk for Puumala orthohantavirus
(PUUV) because there were fewer voles in these areas for
humans to encounter (ie., a lower population density).
Additionally, decreased density could reduce the competi-
tion for available resources, so that the remaining individ-
uals actually have access to more and better nutrition,
which most often increases resistance (Altizer et al. 2018;
Becker and Hall 2014; Becker et al. 2018).

For multi-host pathogens, direct fire-associated mor-
tality could reduce prevalence in one fire-resistant host
by killing off other vulnerable hosts involved in
transmission. Many pathogens such as trematodes need
intermediate hosts to complete their life cycle, and the
loss of these intermediates will severely disrupt their
ecology regardless of the status of the other host species.
For example, fire has been wielded to intentionally
disrupt the habitat of snail hosts to reduce Parelaphos-
trongylus tenuis Dougherty, 1945 nematode infections in
ungulates without unduly affecting the ungulates
themselves (Weir 2009). However, some snails are
thought to be resistant to fire (Kiss and Magnin 2003,
2006), and many inhabit aquatic environments (e.g.,
Lymnaea Linnaeus, 1758, hosts of liver flukes; Taylor
et al. 2015), which could spare them the most severe im-
pacts of fire (Hossack et al. 2013a). As such, fire could
shift the disease community from pathogens that use
fire-susceptible intermediate hosts (Torre et al. 2013),
including many arthropods (Bess et al. 2002; Barratt
et al. 2019), towards those with resistant intermediate
hosts like water snails. This process is closely linked to
the idea of community alteration that we elaborate on
below.

Similarly, many pathogens rely on arthropod vectors
to be transmitted, and it stands to reason that the loss of
these species will drive down the prevalence of the dis-
ease. Because fires can disrupt arthropod communities
for years or even decades (Barratt et al. 2019), the verte-
brate hosts that share pathogens with these species
could enjoy an extended period of freedom from such
diseases. Several studies have demonstrated that some
high-intensity wildfires kill ticks in the environment (see
above; reviewed in Scasta 2015), and lower contact rates
with infected ticks could reduce the transmission of
tick-borne pathogens; however, studies have yet to pro-
vide evidence for a link between fire and the prevalence
of tick-borne pathogens (Gleim et al. 2019; Parker-Fann
2020). In contrast, evidence suggests that prescribed fires
only suppress environmental ticks transiently (Padgett
et al. 2009; Pascoe et al. 2020), and studies have yet to
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demonstrate a fire-related decrease in tick burdens on
hosts themselves, despite several investigations (e.g.,
Pascoe et al. 2020). Additionally, some ticks can be flame
resistant or at least access refugia where they can survive
fire (MacDonald et al. 2018), so even providing evidence
for these processes in one context may be insufficient to
draw conclusions about ticks in general. As such, al-
though there are many reasons to expect that fire will
affect the epidemiology of arthropods and their diseases,
the evidence is equivocal.

It is tempting to conclude, then, that direct fire-
associated mortality will generally decrease the burden
of disease. However, there are some mechanisms by
which mortality tolls could exacerbate disease in the
wake of fire. Most notably, some opportunistic parasites
and pathogens can survive and proliferate in dead and
decaying bodies of animals, which could increase envir-
onmental disease risk, particularly if the dead contamin-
ate sources of drinking water. Additionally, mortality can
motivate substantial behavioral responses that could ex-
acerbate disease risk, and the loss of certain species and
individuals could alter the composition of the wildlife
community, with a variety of complex impacts on
disease.

Host movement and sociality

Because wildfires are life-threatening and shape the en-
vironment, they can profoundly affect animal behavior
(Engstrom 2010; Cohen et al. 2019; Gonino et al. 2019;
Pausas 2019). Fauna in active fire zones adopt general
and predictable response mechanisms to cope with
wildfire-induced habitat change and destruction (Pausas
2019; Nimmo et al. 2021). These methods generally in-
volve either moving to fire-protected microhabitats
within the flame zone known as refugia, or relocating
outside of the flame zone (Pausas 2019). Although these
reactions to fire can help animals avoid direct mortality
caused by fire, they could alter how animals meet and
interact, thereby altering both intra- and interspecies
contact networks, with downstream consequences for
disease transmission and maintenance (Albery et al
2021b). The frequency of these movements is generally
correlated with fire frequency and severity, and regular
movements can occur extremely frequently in some sce-
narios (Banks et al. 2011).

Fire-protected refugia include burrows, dens, trees, or
other unburned “islands” (Pausas 2019; Steenvoorden
et al. 2019). Although these areas might not be a pre-
ferred habitat, they constitute an important survival op-
portunity for fauna that have strong site fidelity or that
lack the capacity to escape the flame zone (Steenvoorden
et al. 2019). Refugia are also essential for post-fire re-
population; the presence of such in situ survival oppor-
tunities is a proposed determinant of abundance and
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community diversity in small mammals immediately
post-fire (Banks et al. 2011). Concomitantly, refugia use
can affect pathogen transmission for some hosts by
heightening the chance of aggregation in unburned
islands. Bank vole populations in Sweden experienced
increased prevalence of PUUV following a wildfire in
which individuals sought refuge in unburned areas of
the forest (Ecke et al. 2019). The authors suggested that
this increased prevalence may have been driven by
heightened contact rates resulting from aggregation in
these limited refugia (Ecke et al. 2019). It is likely that
such processes could act for a range of refugia. For ex-
ample, shared burrow use is thought to be an important
driver of parasite transmission in animals such as desert
tortoises (Gopherus agassizii Cooper, 1863; Aiello et al.
2016) and European badgers (Meles meles Linnaeus,
1758; Butler and Roper 1996), and sheltering under-
ground in the course of a fire will likely drive greater
parasite transmission in a range of animals.

Animals also respond to wildfire by fleeing the flame
zone (Engstrom 2010; Pausas 2019). This strategy is
common in fast-moving animals such as birds and bats
(Steel et al. 2019; Mardiastuti 2020). For example, wrens
(Cistothorus Cabanis, 1850 sp.), Henslow’s sparrows
(Centronyx henslowii Audubon, 1829), and ground parrots
(Pezoporus wallicus Kerr, 1792) have been observed “out-
flying” approaching fires (McNair 1998). Giant anteaters
(Myrmecophaga tridactyla Linnaeus, 1758) in Brazil and
meadow voles (Microtus pennsylvanicus Ord, 1815) in
Nebraska, USA, have likewise been shown to attempt
escape from the burning area (Geluso and Bragg 1986;
Silveira et al. 1999). As yet, there are no direct examples of
disease consequences of fire avoidance; however, because
this response involves movement outside the preferred
habitat, accompanied and motivated by direct mortality,
its effects could closely follow the effects of culling, which
has been much studied for its disease consequences.
Most notably, European badgers are often culled in
the UK to prevent bovine tuberculosis (Mycobacter-
ium bovis Karlson & Lessel, 1970; bTB) transmission.
Despite the intention of reducing disease prevalence,
culling may lead to increased bTB prevalence in
neighboring areas through a so-called “perturbation
effect”: disrupting badgers’ social structure motivates
them to disperse, spreading the disease farther, while
concurrently reducing prevalence within the cull zone
through lower badger density (Donnelly et al. 2006;
Woodroffe et al. 2006; Ham et al. 2019). Similar per-
turbations have been observed in reindeer (Rangifer
tarandus Linnaeus, 1758) culled for chronic wasting
disease (Mysterud et al. 2020). Because fire provokes
a similar combination of mortality within the danger
area and dispersal outwards, it seems likely that fire
will similarly drive the outward spread of enzootic
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diseases, although fire’s additional effects could result
in a very different overall change in disease dynamics.

Host community alteration and food web
disruption

By killing animals and motivating emigration, fire often
alters wildlife community composition, sometimes in
ways that are complex and difficult to predict across taxa
(Bess et al. 2002; Dawson et al. 2007; Steel et al. 2019;
Mardiastuti 2020). Post-fire communities may be
preferentially populated with species that are either fire
resistant or able to disperse from nearby unburned areas
(McKenzie et al. 2004; Pausas 2019; Halofsky et al.
2020). Fire also alters nutrient cycling (Gongalsky et al.
2021), which could have complex downstream effects for
disease at an ecosystem level (Borer et al. 2021). Differ-
ences in community composition can be long lasting
post-fire—7 to 9 years for terrestrial amphipods, for
example (Barratt et al. 2019)—and so could the implica-
tions for disease.

Fire-induced changes in community composition
could alter disease transmission at a population or
community level: for example, if certain competent tick
species (i.e., those that are able to transmit a given
pathogen) survive fire more easily than non-competent
ones, this may shift the ectoparasite community to favor
the transmission of a range of tick-borne diseases
(MacDonald et al. 2018). Fire can either decrease or in-
crease the diversity of certain subsets of animals, or of
the community as a whole (Steel et al. 2019), which
could have complex effects on disease (Johnson and
Thieltges 2010). Notably, the biodiversity-disease litera-
ture discusses the non-linear implications of changes in
biodiversity for the transmission of a range of diseases,
producing either a “dilution effect” or an “amplification
effect” (e.g., Johnson and Thieltges 2010; Civitello et al.
2015; Huang et al. 2016). The dilution effect occurs
when additional diversity reduces the burden of disease
in a system, while the amplification effect predicts the
opposite. Although these effects are sometimes conten-
tious (Rohr et al. 2020) and scale-dependent (Halliday
and Rohr 2019) and are therefore difficult to predict, it
is likely that fire’s community-level effects will have a
substantial effect on infection dynamics that may con-
form to their predictions. Importantly, disruption could
manifest at the within-species level as well as between
species: if certain highly susceptible classes of a given
host species (e.g., naive or immunocompromised
individuals) are killed off by fire, this could render a
pathogen unable to survive in the post-burn ecosystem
because the pool of susceptible individuals may not be
sufficiently large.

Predator densities can decrease with spatial or tem-
poral proximity to some types of fires (Jorge et al. 2020),
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which could release remaining prey animals from preda-
tion pressure, allowing them to attain greater densities
that are more conducive to pathogen maintenance. In
other cases, shifting prey-community composition can
determine predators’ diets: after a wildfire in New South
Wales, Australia, tiger quolls (Dasyurus maculatus Kerr,
1792) shifted to consume a greater proportion of available
lagomorphs to make up for the lower abundance of pos-
sums (Trichosurus vulpecula Kerr, 1792) (Dawson et al.
2007). Such shifts could alter the transmission of patho-
gens with multi-stage life cycles involving consumption
such as tapeworms (Cestoda).

Scavenging animals like vultures function as keystone
species that reduce the burden of disease by removing
decaying carcasses from the environment (Markandya
et al. 2008; Buechley and Sekercioglu 2016; Santangeli
et al. 2019). If fires kill off these scavengers, such decay-
ing organic matter may become much more common,
with disease increasing as a result of greater biomass
available for facultative pathogens, prolonged transmis-
sion of disease from the decaying carcasses, and in-
creased contact among scavenging mammals (Hill et al.
2018; Ogada et al. 2012; Sage et al. 2019). For example,
the loss of vultures in India has led to an increase in
corpse availability for wild dogs, with a resultant increase
in rabies rates (Markandya et al. 2008). Wildfires have
been identified as an important contributing factor to
the decline of the California condor, Gymmnogyps
californianus Shaw, 1797 (Kelly et al. 2015), so similar
eventualities may apply to the recent fires in the area. Al-
ternatively, predators that do remain in the environment
might be able to take advantage of greater quantities of
fire-associated carrion, particularly if compensating for
fewer prey animals (Dawson et al. 2007). Species that are
adapted to eating carrion often have a suite of immuno-
logical and physiological characteristics that allow them to
consume rotting flesh while minimizing the risk of infec-
tion (Blumstein et al. 2017), so switching to facultative
scavenging may be associated with a greater disease risk
for these opportunistic species (rather than scavenging-
specialized species; Vicente and VerCauteren 2019).

Stress, injury, and condition

The process of being threatened and having to move
due to fire can be stressful for wild animals (Collins and
Wallace, 1990), while fire and exposure to smoke can
directly injure them (Erb et al. 2018; Joordaan et al
2019; Harris et al. 2020), all of which could have down-
stream effects on their health. Generalized “stress” is
often theorized to decrease immune resistance (Romero
2004; Martin 2009; Hing et al. 2016), and although this
effect is not always observed (Romeo et al. 2020), it is
possible that stressed animals in the wake of fire will be
in worse condition and have weaker immunity, leading
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to greater pathogen prevalence. These trends will be
species and context dependent: for example, a study in
Australian woylie (Bettongia penicillata Gray, 1837)
found no evidence for altered fecal cortisol metabolites
(indicative of stress) or parasite burdens in the aftermath
of fire (Hing et al. 2017). Box turtles (Terrapene carolina
Linnaeus, 1758) do not alter movement in response to
fire because of their limited dispersal ability and the pro-
tection afforded by their shells; however, they received
direct fire-induced injuries and were less likely to survive
in a burned year (Harris et al. 2020). Infections associ-
ated with burn damage to the carapace could have
contributed to this mortality. When considering stress-
related impacts, it is important to remember that stress
and condition are often indicative of (or predictive of)
immunity, but they are not identical ( Romero 2004;
Martin 2009; Hing et al. 2016; Sanchez et al. 2018).
Changes in stress (or stress indicators) will not necessar-
ily mean a downstream impact on immunity, and any
changes in immunity also may not translate to changes
in disease. However, fire will directly affect immunity
through pyrogenic immune agonists produced by chem-
ical reactions.

Pollution and water quality

Fire is a powerful agent of chemical change that can
create a substantial shift in an ecosystem’s elemental
composition. This shift includes an increase in a variety
of harmful toxicants and pollutants both in the air and
soil, including cyanide and other toxins, heavy metals,
and harmful hydrocarbons (Brunke et al. 2001; Kelly
et al. 2006; Urbanski et al. 2008; Burke et al. 2013; Guo
et al. 2020). Based on laboratory exposure studies and
ecological studies of anthropogenic pollution events such
as oil spills, exposure to such contaminants is likely to
result in dysregulation of the immune response, which
could harm animals’ resistance to pathogens, producing
greater disease burdens (Becker et al. 2020). In partial
support of this prediction, a study of Californian sea ot-
ters’ (Enhydra lutris Linnaeus, 1758) transcriptomes
found that wildfires altered the expression of a range of
genes associated with detoxifying polycyclic aromatic
hydrocarbons (PAH), representing a substantial shift in
their immune states (Bowen et al. 2015).

Fire also affects water quality by altering light, nutri-
ents, and pH levels and can undermine ecosystem func-
tions that affect water bodies, such as filtration (Hahn
et al. 2019; McCullough et al. 2019). These changes can
then affect fish (e.g., altering their behavior; Gonino
et al. 2019). Notably, fires can drive a release of mercury
from soil that then contaminates lakes and the fish inha-
biting them (McCullough et al. 2019). Terrestrial con-
sumers in turn become exposed to mercury by feeding
on aquatic food sources, and this contaminant can have
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substantial immunosuppressive effects (Becker et al.
2017, Becker et al. 2021). It stands to reason that fire-
associated mercury leaching could have far-reaching ef-
fects on the immune landscape of an ecosystem that
could increase susceptibility to disease, exacerbating
prevalence even in the long term. Although water-
dwelling animal species may be spared the stress, injury,
and movement-specific costs of fire, they will likely
suffer in the aftermath due to these aquatic effects,
accentuating the potentially wide-reaching impacts of
fire on disease.

There is no fire without smoke, and the immuno-
logical impacts of smoke inhalation are well understood
in humans and animals. For example, smoke is thought
to provoke harmful autoimmune responses in humans
(Perricone et al. 2016), and macaques (Macaca mulatta
Zimmermann, 1780) have been used to study smoke-
associated immune dysregulation (Black et al. 2017).
Smoke exposure in orangutans (Pongo Lacépede, 1799
sp.) is energetically costly and results in reduced condi-
tion, possibly because smoke stimulates immunity (Erb
et al. 2018), and Australian bushfires resulted in substan-
tial pulmonary pathology and mortality in smoky mice
(Pseudomys fumeus Brazenor, 1934; Peters et al. 2020).
Fundamentally, the immune response is costly in terms
of resources and energy, and therefore, any stimulation
of an immune response by a foreign agonist can result
in reduced fitness, regardless of any infections (Graham
et al. 2010, Graham et al. 2011). As such, fire’s chemical
effects could have negative repercussions for the im-
mune system, driving increased disease and ultimately
threatening the viability of a fire-stricken wildlife
population.

Future directions

Study systems and methodological opportunities

There exists some literature on wildfires and wildlife dis-
ease, much of which we have cited above. However,
many of the links that we hypothesize remain uninvesti-
gated and unevidenced; addressing these gaps will re-
quire a range of empirical systems merging fire and
disease studies, which can be difficult due to the unpre-
dictable and often catastrophic nature of wildfire events.
A good number of fire-disease studies made use of “nat-
ural experiments” emerging from studies of natural pop-
ulations pre-, during, and post-fire (Fuentes et al. 2010;
Hossack et al. 2013a; Pascoe et al. 2020), but these
events may be impossible to anticipate and prepare for
given their inherently unpredictable nature. Prescribed
fires are likewise often used to examine the effect of fire
on environmental parasite distributions (Scasta 2015),
and they could be used in experimental contexts to test
the hypotheses that we put forward here: for example,
by comparing observed pathogen burdens before and
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after a prescribed burn, or in managed versus unman-
aged areas. However, prescribed fires and wildfires are
not equivalent and deserve their own research agendas
(Hiers et al. 2020; Hunter and Robles 2020), so these ex-
periments should be applied carefully.

Because fire is difficult to study, some similar eco-
logical processes can be used to approximate specific ef-
fects in isolation, which could then contribute to
supporting our synthetic framework (Fig. 1). For ex-
ample, lessons from oil spills and related chemical disas-
ters could be used to inform pyrogenic pollutants’
effects on animal immune systems (e.g., Bowen et al
2015), without the confounding effects of changes in
movement or population dynamics. Human-instigated
culling regimes could inform how animals’ flight re-
sponses and large-scale movements affect the spread of
disease in wildfires (Donnelly et al. 2006; Ham et al.
2019; Mysterud et al. 2020). The same is true of a range
of human activities, such as logging (Fisher and Wilkin-
son 2005). Importantly, there has been a substantial
focus on fire-related studies published in the USA (and
recently in Australia; Dennison et al. 2014; Ward et al.
2020). This bias mirrors the skew in disease surveillance
toward developed countries over the developing world
(Allen et al. 2017; Carlson et al. 2020b). In the future,
strengthening  tropical  forest fire  surveillance
(Mardiastuti 2020) alongside disease surveillance will be
important to ensure an equitable understanding of the
impact of these global stressors.

To draw effective conclusions about the behavioral im-
pacts of fire on disease, future studies should build on
the rise of telemetry, biologging, and network science in
ecology (Kays et al. 2015; Smith and Pinter-Wollman
2020; Williams et al. 2020) and their increasing integra-
tion with disease ecology (Dougherty et al. 2018; Silk
et al. 2019; Albery et al. 2021b). Fire-related movement
and occupancy models that are relatively common, par-
ticularly in birds (Russell et al. 2009; Cohen et al. 2019;
Steenvoorden et al. 2019; Stillman et al. 2019; Wan
et al, 2020) and bats (Steel et al. 2019), could be inte-
grated with disease-related movement models, contact
processes, and social network analyses (Dougherty et al.
2018; White et al. 2018; Albery et al. 2021b), to identify
how fire-related changes in behavior and demography
could alter pathogen transmission and emergent
epidemiological consequences while accounting for
sampling effort and observation error.

Open questions

Moving forward, a broader set of studies linking fire and
wildlife disease will allow us to predict the impacts of
fire on host-pathogen systems. Beyond the first-order as-
sociations that we list in our framework, we discuss a
few broad areas that will benefit from explicit
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consideration, including context dependence, timescale,
sampling effects, implications for spillover, and compari-
son to other natural disasters.

Fire-disease interactions are likely highly context
dependent and often non-linear in ways that we can only
begin to appreciate with the data available. For example,
as noted above, pathogen responses to fire will be
dependent on transmission mode (Hossack et al. 2013a).
The predictions will also depend on a wide range of fire
traits such as size, intensity, duration, and burn hetero-
geneity. The effects of mortality on disease will depend
on the proportion of the population killed, the biomass
and the species involved, and the history of fire in the
focal ecosystem: species inhabiting fire-prone ecosystems
have often evolved tolerance mechanisms to regular
low-level fires, but this may vary from species to species
(Buchholz et al. 2019). For all these reasons, a prominent
open question is how a given fire regime (and changes
to the regime brought about by global change) will de-
termine disease dynamics. Finally, the conclusions drawn
will depend on the study’s spatiotemporal scale. Scales
of study are important in fire ecology (Hunter and
Robles 2020; Wan et al. 2020), as they are in disease
ecology (Gilligan et al. 2007; Halliday and Rohr 2019),
and considering the resolution for both aspects may be
doubly important.

The timescale of the investigation is an especially im-
portant contextual factor to consider. It is intuitive that
the effects of fire will not be homogenous through time,
so its observed effects on disease will depend on the
time point at which it was investigated. For example,
large ungulates tend to leave the burning area but swiftly
recolonize it after the blaze has stopped to take advan-
tage of sapling regrowth (Fisher and Wilkinson 2005;
Davies and Boyd 2019; Herkenrath 2019). During and
immediately following fire, animals’ necessity to use
suboptimal habitats could reduce their condition
(Baranowski et al. 2020), as could the stress of evacu-
ation, while their aggregation in potentially small islands
of suitable habitat could increase contact rates (Ecke
et al. 2019). All of these processes could cause disease
burdens to grow rapidly in the short term. In the after-
math of fire, the recolonization of a burned area and
likely reduced host density (Fisher and Wilkinson 2005;
Sokos et al. 2016) could afford animals food of a higher
quality or quantity, conferring improved condition,
stronger immune responses, and reduced burdens of
disease. Over time, as the ecosystem recovers, the host
population will likely restabilize at carrying capacity
(Sokos et al. 2016), increasing transmission of density-
dependent pathogens. These factors will similarly de-
pend fundamentally on fire regimes, which differ in fire
size, frequency, intensity, season, and extent (Archibald
et al. 2013).
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Importantly, although wildfires are often painted as
catastrophic, destructive events—and they may be
increasingly so under climate change (Higuera and
Abatzoglou 2021)—fire is also a natural component of a
great many ecosystems, managing turnover of vegetation
and providing crucial habitat for a range of fire-adapted
species (Pausas 2019; Nimmo et al. 2021). Fire shares
many functional similarities with herbivores (Bond and
Keeley 2005), and just as some pathogens have evolved
to transmit through herbivore ingestion, there may be
parasites whose life cycles depend on flames, either
directly or indirectly, to develop and achieve onward
transmission. Similarly, while we suggested above that
parasite community disruption could lead to
destabilization and increased spillover, parasite com-
munities in fire-prone areas may be more resilient to
fire-related disturbances in ways that reduce this risk.
Additionally, fires are highly seasonal, generally occur-
ring in drier periods (Miller et al. 2020). Many infec-
tious diseases are also seasonal (Altizer et al. 2006),
and it is possible that fluctuating fire regimes play
a role in driving this seasonality; therefore, altered
fire phenology in the future could alter these
patterns.

To address these questions and to overcome these
sampling challenges, researchers in fire and disease ecol-
ogy may benefit from succession-like sampling regimes,
incorporating sampling “before, shortly following, and
long after” fire (Hing et al. 2017), “before, during, and
after” (Erb et al. 2018), or (ideally) regularly and longitu-
dinally throughout burn events (Sokos et al. 2016; Jones
et al. 2018; MacDonald et al. 2018). These may be
accompanied by paired spatial designs of “control” ver-
sus “burn” areas (e.g., Fuentes et al. 2010; Pascoe et al.
2020). Unfortunately, mortality could leave small sample
sizes available shortly following fire, making it difficult
to detect disease effects (Jones et al. 2018). Researchers
should bear in mind the life cycle of the parasite and its
generation time. For example, effects on individual bur-
dens of soil-transmitted helminths may be difficult to
detect in the days and weeks following the fire because
helminths can take months to complete their life cycle.
In contrast, respiratory pathogens with short life cycles
may exhibit an immediate peak facilitated by increased
contact rates in the wake of fire (Ecke et al. 2019). Mar-
diastuti (2020) notes that the observed effects of fire on
birds depend on the stage at which they are examined.
During the fire, some birds will benefit (e.g., raptors will
gain increased access to panicked prey such as small
mammals on the forest floor or insects in rising smoke
columns). After fire, the abundance of different species
will be dependent on their remaining habitat and the
time since burning. Community changes in the wake of
fire can be complex and non-monotonic (e.g., as in ant
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communities; Gosper et al. 2015) and may need highly
replicated, high-intensity sampling to be understood.

Finally, because most emerging human diseases origin-
ate in wild animals (Woolhouse 2006; Jones et al. 2008;
Morse et al. 2012), it is crucial that we understand how
fires could alter spillover of pathogens into human
populations. Indeed, several fire studies have mentioned
or examined spillover explicitly (e.g., Ecke et al. 2019;
Baranowski et al. 2020; Parker-Fann 2020), indicating
that this is already a concern for ecologists working in
the area. Predictions for spillover are likely to be even
more complicated than inference about wildlife disease
itself and must be considered in the light of both hazard
and risk for human populations. For example, although
voles had a higher prevalence of Puumala hantavirus
post-fire, the concurrent reduced vole population density
actually reduced the probability that a human would en-
counter an infected vole, lowering risk overall (Ecke
et al. 2019); similarly, Parker-Fann (2020) reported no
difference in Lyme disease prevalence in animal reservoirs
post-fire, but fewer competent hosts produced lower over-
all spillover risk. Combining future fire-disease studies
with measures of human population density and wildlife
encounter probability, and then designing interventions to
reduce spillover risk, will be important next steps.

Concluding remarks

The Anthropocene is bringing with it a series of eco-
logical challenges that are likely to interact, rather than
happening in isolation. Already, links between climate
change, land conversion, and population growth have
driven the emergence and exacerbation of wildlife
diseases (Cohen et al. 2020; Gibb et al. 2020), and these
processes are only likely to accelerate and interact in the
coming century (Carlson et al. 2020a; Phillips et al
2020). Here, we have detailed potential avenues for
epidemiological consequences of just one climate-
associated hazard in wildlife, but similar effects may
emerge for a range of large-scale disturbance events in-
cluding floods, hurricanes, wars, and more. For example,
if animals flee from floods in the same way that they do
fires, our predictions for the exacerbating effects out-
lined in the “movement and sociality” section will likely
hold, but its effects on environmental stages of parasites
could be very different—at least for different parasites.
Already, the literature presents some evidence that fire’s
effects are difficult to extricate from those of other
extreme disturbances or weather events—most notably
droughts (Pascoe et al. 2020). Investigating how these
and other disruptive events are altering the face of wild-
life disease, together and in isolation, will be vital for
conservation and public health in an increasingly inter-
connected world.
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