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Abstract: Wildfires are common occurrences worldwide that can destroy vast forest areas and kill
numerous animals in a few hours. Climate change, rising global temperatures, precipitation, the
introduction of exotic species of plants (e.g., eucalyptus), intensive agriculture, and deforestation
have increased the number of fires and their intensity and destructive power. Nearly 4% of the global
land surface (30-46 million/km?) is burned annually. There are many studies regarding the impact of
wildfires on ecosystems, flora, domestic animals, and humans. Even though wildfires are a common
and recurrent problem around the world, most of the time, they are a neglected issue, especially
regarding wildlife. The information available is scarce and dispersed across several bibliographical
references, and the veterinarian teams, most of the time, need to be trained to act in these situations.
In this brief review, we describe different species” behavior during a wildfire, the effects on the
ecosystem, and the socioeconomic impact on the region. From a veterinarian’s perspective, we list
the major injuries that are expected to be observed and how to proceed. In conclusion, we discuss
better prevention and response measures in a wildfire scenario. This information can be used by
veterinarians and all the entities involved in the prevention and combat of wildfires, and the general
public has an important role in these situations.
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1. Introduction

Wildfires are common occurrences worldwide, defined as destructive and unregulated
fires in rural areas on vegetation spots (e.g., forests, savannas, grasslands) [1]. Climate
change, rising global temperatures, less precipitation, the introduction of exotic species of
plants that consume an excessive quantity of water (e.g., eucalyptus), heavy agriculture,
and deforestation play an active role in increasing the number of fires and their intensity
and destructive power [2]. In addition, environmental conditions influence the preva-
lence and severity of fires, which in some cases, lengthens the fire season and widens
burn areas [1]. Wildfires can originate from numerous natural sources or are caused by
humans [1]. Lightning, dryness, or volcanic eruptions are the leading causes of forest fires.
Human-caused wildfires can be caused by accidents, such as campfires, cigarettes, burning
debris, electrical shocks, equipment breakdowns, fireworks, etc. [1]. Moreover, power
lines are a source of some devastating forest fires. Some of these fires can occur due to the
interaction between wild animals and power lines, especially birds, such as diurnal raptors,
Corvidae, and nocturnal raptors. In a study carried out in Spain between 2000 and 2012, of
the 2788 wildfires caused by power lines, 30 were fauna-mediated. These fires destroyed
9.06 hectares of vegetation [3].
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In some instances, forest fires may be caused by arson. An example occurred in Brazil
and is known as “Fire Day”. On 10 August 2019, numerous rural producers in the country’s
northern region started a joint movement to set fire to several areas of the Amazon rainforest
to create pasture areas [4]. The presence of wind, organic matter, dry soil, and low humidity
have accelerated the onset of a rapidly spreading wildfire that becomes difficult to control
and extinguish [1].

The economic problems and losses experienced by domestic, wild, and human animals
are significant consequences of fires [1]. However, in some regions, for millennia, forest
fires have become a natural element of the ecosystem (e.g., Australia, North America), and
wild species have a long relationship with them, at times, with benefits [1]. Savannahs,
grasslands, pine forests, and Mediterranean scrubland are ecosystems that benefit from
small-scale wildfires throughout the year [5-7]. Fires can help regenerate plants, increase
biomass, decrease the irregularity of the habitat, increase significant diversity of food
fonts, increase the production of seeds, and increase the nutritional value of plants [8]. As
predators and scavengers, certain animals also benefit from forest fires [9].

Wildfires not only affect animals and the ecosystem, but they also have long-term and
short-term socioeconomic impacts. Property loss (e.g., infrastructures, cars, agriculture
fields, fabrics) is one of the wildfires” immediate economic impacts [10]. The loss of
property is accompanied by the displacement of people from their homes, the decimation
of businesses, and the substantial effects on insurers [11]. Moreover, forest fires impact
tourism, as they can erase outdoor spaces that attract tourists and drive them away for
years. They also negatively affect hospitality, restaurants, and other industries [12,13]. Air
quality is a major risk associated with forest fires. Around eight billion tons of CO, have
been emitted per year in the least the past two decades. For example, in 2015, wildfire
smoke in Palangkaraya, Indonesia, increased the air quality index to 2000. It has resulted
in 500,000 severe respiratory infections and an estimated 100,000 premature deaths. Water
quality may also be affected, an issue that can last months or years [14]. From 2000 to
2012, the cost of forest fires in the Mediterranean region was estimated at approximately
7.6-12.4 million euros due to repairs, loss of biodiversity, and CO, emissions [3].

Nearly 4% of the global land surface (30-46 million/km?) is burned annually. Portugal
is a case in point among the countries most affected by forest fires in Europe. Each year,
numerous forested areas are burned. Figure 1 represents the burned area in hectares
from 2002 to 2009 in Portugal. According to Portugal Deforestation Rates and Statistics
(GFW), 2017 was the wors year, with a total of 563,532 hectares burned [15]. In Europe,
many countries have been severely affected by wildfires in the last years, particularly
southern countries. For example, Greece, France, Italy, Spain, and Portugal devote nearly
2500 million euros annually to fire management [1]. In South America, particularly Brazil,
a similar situation has been observed, with a vast area of forest lost to fires in the last
decades [16,17]. Only in the Brazilian Pantanal, 189,440 hectares were burned in 2020 [18].

Numerous studies focus on the impacts of wildfires on ecosystems, flora, domestic
animals, and humans. Nevertheless, regarding wildlife, little is still known. Currently,
there is no accurate assessment of the number of animals that die each year in fires. This is
due to the absence of precise numbers of wild populations in the years previous to the fire
and to the difficulty of quantifying post-fire mortality because bodies are often scorched
(e.g., species like amphibians and insects are too small to be counted) [9]. Furthermore,
post-fire counts are rarely conducted, and it is difficult to determine if the animals died
or migrated in response to the fire. Even though wildfires are a common and recurrent
problem worldwide, most of the time, they are a neglected issue, especially regarding
wildlife. The information is scarce, dispersed by several bibliographical references, and not
easily accessible. In addition, veterinaries, biologists, NGOs, firefighters, and volunteers
often need to be trained to act correctly.

In this study, the authors aim to provide a brief, easy-to-read overview of the impact
of wildfires and their main consequences on wildlife. Even though it is more focused on
veterinarians, it also can serve as a guideline for all the entities involved in the prevention
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and combat of wildfires and the general public that has an essential role in these situations.
In the first section of the review, the authors describe how the different species are expected
to behave during a wildfire and the impacts on the ecosystem. Then, from a vet’s point
of view, we list the major injuries that are expected to be observed and how to proceed.
Finally, the authors discuss the best prevention measures and how responses to forest fires
can be improved.
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Figure 1. The area burned in Portugal by wildfires (in hectares) between 2008 and 2021. Adapted
from [8].

Most animals can detect forest fires and identify the hazards associated with them.
However, according to size and species, they have different defense mechanisms (Figure 2).
Some of them run, while others can seek refuge underground or in the water. Some species
may even profit from confusion and hunt small prey as they try to escape the fire [19].

Some animals such as bears, and
squirrels can climb trees. Birds
can seek refuge in high trees.
Nests with eggs or small youngers
perish.

Large and medium
mammals. large reptiles.
birds and adult forms of
arthropods run from the fire
and move to the periphery
or water bodies.

Small mammals, amphibians, reptiles, arthropods seek
shelter underground

Figure 2. A conceptual model illustrating animal responses to wildfire (Illustrations: Andreia Gracés).
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Mammals

The ability of mammals to survive fire will depend on their mobility, size, velocity,
and duration of the fire [20]. Larger animals, such as deer, wolves, or wild boars, are highly
mobile. They run from the fire and move to the periphery [21,22], and some can even swim
along rivers. Some animals, such as bears and squirrels, can climb trees [9]. Small mammal
species also can run from the fire in groups to clearings, road cuts, depressions, and hiking
trails [22,23]. However, most small mammals, such as mice and rabbits, tend to seek refuge
underground or in sheltered places within the burn, such as underground tunnels, stumps,
root holes, pathways under moist forest litter, and spaces under a rock, talus, and sizeable
dead wood [22].

Birds

Birds fly from fire zones to others, except for eggs and very young birds [8]. However,
the species that fly at a lower altitude can be affected by smoke inhalation [24].

Amphibians and Reptiles

Larger, more mobile reptiles usually run from the fire [9,25], while smaller reptiles and
amphibians have limited capacity to escape. Small lizards, turtles, and frogs seek refuge
underground in holes or burrows [26]. Amphibians that live near aquatic areas can also
seek shelter in water bodies [9].

Aquatic animals

Aquatic animals can be better protected from forest fires while living in large bodies
of water. However, they have limited mobility, except for those living in running water like
rivers. During a wildfire, due to the high temperatures, water can exceed the lethal limits
of temperatures and vapor temperature, leading to severe heat damage [27]. This will lead
to other phenomena, such as changes in pH, turbidity, accumulation of toxins [28], and
excessive sedimentation affecting aquatic fauna [29-31]. Excessive sediments, such as ashes
or organic debris, can squeeze or displace fish eggs in the bottom of the water bodies [32].

Invertebrates

Eggs, nymphs, and adult stages of arthropods may be affected due to the heat of the
flames, and species with immobile life stages that live in surface litter or aboveground plant
tissue usually perish [33]. Some adults burrow or fly out of flames [9,33].

2. Impact on Ecosystems and Wildlife

The consequences of wildfires in the ecosystem are diverse. There is a tremendous loss
of fauna and flora. Habitat becomes simple and poor due to reduced diversity [34]. Shrubs
and grass replace forests. Loss of forest cover results in higher temperatures in the forest
soil, which can affect plant growth and animal behavior. Increased temperatures impact
cavity-nesting species, such as birds and small mammals. Dead trees produce extreme
temperatures in nest cavities, affecting egg incubation and the survival of heat-sensitive
young birds and mammals [35].

The adverse effects of forest fires are directly related to animal injury and the destruc-
tion of nesting and breeding areas, shelters, and food sources [1,19,36]. Although some
animals can be used for the occurrence of wildfires, they suffer stress. However, there are
not enough studies on stress’s short- and long-term effects [9]. Typically, the most affected
are the slower-moving species, like turtles, badgers, and elderly and very young animals
who are unable to escape [19]. Moreover, as wildfires often occur in late spring or summer,
stress also delays the recovery and reproduction of the population [9].

In 2020, 78% of the total area of the jaguar territory in Pantanal (Brazil) was burned. The
high number of fires that year and prior years had a negative impact on jaguar populations.
The main effects observed were temporary displacements, which made it difficult to find
new suitable areas, increased territorial conflicts, and decreased survival and reproductive
success. In addition, many animals have suffered from starvation, dehydration, and
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death, further contributing to the decline of the already threatened population of jaguars in
Pantanal [37]. The animals that abandoned the area to escape the fire may return, depending
on how much the fire altered the habitat structure and food supply [8]. Non-burrowing
mammals, reptiles, and birds may return within hours or days [8]. After a fire, when
animals return to the burned area, they inspect the environment to determine settlement
options [9]. Although some animals can return to take advantage of the new habitat and
adapt their diet and behavior, others cannot survive and migrate to other areas. If the
habitat does not provide the structure or food necessary for survival and reproduction, they
move to fire-free areas, unburnt islands, or nearby unburnt vegetation [9,38]. For example,
large mammals such as deer or moose depend on a significant amount of vegetation for
their diet, bedding, shelter, and thermal protection [9]. As a result, many animals die after
the fire from starvation. Other animals can wander into urban and suburban areas in search
of new habitats where they come into contact with humans [19].

Animals are not equally affected by stress factors following a fire. The magnitude
and duration of the fire, type of vegetation, climate, smoke, and water bodies are some
factors that will determine the impact on animals. Another aspect to consider is associated
with the animal, such as species, physical condition, age, physiological status, response to
stress, availability of food or water, or injuries (e.g., burns or smoke inhalation). Therefore,
it is necessary to account for various nuances in animals and fireplaces that determine
the susceptibility to illness after a fire [36]. The migration of animals to new regions is
associated with pathogens (e.g., viruses, parasites) spreading or with the acquisition of
new pathogens in the newly explored areas [39]. Increased contact of wildlife with people
and domestic animals also increases the risk of exposure to and transmission of diseases
with zoonotic potential [19]. In addition, fires can also favor the occurrence of arboviral
infections. For instance, in Brazil, studies have linked fires to outbreaks of diseases, such as
dengue fever, Zika virus, chikungunya, and yellow fever [39].

Critical soil biological processes alternate after the fire due to increased light, tempera-
ture, and wind from unprotected soil. Examples are humidity reduction, loss of nitrogen
and carbon to the atmosphere deposit of charcoal and ash, and other physicochemical
alterations (bacterial and fungal activity and population changes) in soil [40]. This results
in increased canopy fracture, higher tree fall rates, differentiation of plant diversity, and
downward displacement of vertical stratification of foliage density. As a result, housing
and food are reduced, resulting in a shift in wildlife distribution [41]. In addition, the
lack of coverage makes small species, such as mice, amphibians, lizards, and insects, more
visually exposed and easily targeted by predators [41,42].

The Watershed’s morphology in the long term is also affected by fires [43]. Post-fire
sediments can provide new resources for aquatic animals or become a source of pollution in
their habitat [44]. Some species present accelerated growth rates after recolonizing post-fire
rivers [45]. On the other hand, aquatic fauna can perish due to variations in water pH,
turbidity, and toxins from the post-fire sediments. Shellfish mortality is also reported in sea
costs where waters full of post-fire debris flow [9].

However, some ecosystems have adapted to and benefitted from small-scale forest
fires. Ash is a natural fertilizer for the soil and contributes to the growth of new seeds in
these areas. Fires eliminate dead and sick plants and do not let overgrown forests occur,
allowing more sunlight to reach the ground and healthier plants to grow. It allows for
greater plant diversity, helping to increase ecosystem resilience by creating an island with
different microhabitats [1,36]. Some animal species benefit from fires regarding foraging
and nesting behaviors. The deadwood on the ground can provide food, shelter, and a
cavity nest to some species. Invertebrates, small mammals, birds, amphibians, and reptiles
pursue protection and cover in this down wood [8]. Predators and scavengers are often
attracted to burns because their food is more abundant or exposed than on unburned sites.
Necrophagous species, such as vultures, can benefit from the number of carcasses available
after a fire. For example, woodpeckers are especially attracted to burning areas due to the
high number of beetles and other invertebrates present in dead wood [8].
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3. The Role of the Veterinarian: Treatment and Recovery of Burned Wildlife

Not all animals can escape from the flames. They can be burned, affected by smoke,
dehydration, heat exhaustion, or suffer traumatic injuries when running the flames. Some
die burned or due to smoke inhalation (Figure 3).

Ecosystem level impact
Specie diversity and intercations
Trophic chain interaction
Alterations plant grow
Soil alteration (pH, microorganisms, etc)
| water quantity and quality
- nutritional quality plants
Alterations temperature

Survival population and individual
Behaviour

Health (chronic disease, parasitism,
outbreaks, etc)

Reproductive success

Grown and development

———+ Populationlevel impact

Population size

|
Wi l! Population diversity
\ XN ¥

L

Individual level impact

Burn

Trauma

Stress

Gas intoxication

Shock

Dehydration

Respiratory and cardiovascular disease
Immunosuppression

Starvation

Death

Figure 3. A conceptual model illustrating the different impacts of wildfire on the ecosystem, popula-
tion, and individuals (Illustrations: Andreia Garcés).

Vets, biologists, NGOs, firefighters, and volunteers play a critical role in the first aid
and recovery of these animals. Animals rescued from wildfires should be examined by a
veterinarian to receive proper treatment and rehabilitation. The veterinarian will evaluate
burns, damages sustained from smoke intoxication, traumatic injuries, pre-existing diseases,
dehydration and shock level, and stress [9]. Veterinarians also have a critical role to play in
informing society about actions that can further help or harm wildlife during fires and how
to find victims [9].

The management of fire-affected animals shall ensure the overall assessment and
clinical support of qualified clinicians. Once the animals arrive at the veterinary hospi-
tal/wildlife rehabilitation center, a complete body examination and vital signs should be
collected. At this stage, it is essential to decide if animals can recover from their injuries or
if euthanasia should be provided. Shock and dehydration should be treated. The animal
must stay warm (24-30 °C) in a dark and quiet environment, away from human circulation
and noise [19,36]. Animals often experience hypothermia due to loss of fluids, blood, or
ineffective cooling attempts. The victim of the wildfire is highly susceptible to being found
dehydrated. The type and amount of fluid provided to the animal will depend on its
condition. When animals are conscious, it is important to provide water and encourage
drinking. Always leave fresh water available. Sometimes animals are too disorientated or
sore to move and may not drink immediately. Fluids can also be given subcutaneously
or intravenously if the animals are unconscious or very debilitated. Ideally, a minimum
of 10 to 20% dehydration should be treated for a minimum of three days. Some animals
will need intensive care and ongoing treatment over a long period of time. This is a very
time-consuming process. Sometimes, animals cannot be released into the wild because they
lose their natural behavior during captivity. When animals change to moderate-intensity
care, they should be kept in small groups and finish their rehabilitation in wide enclosures
where individuals can express their natural behaviors and develop strength before being
released into the wild [9].

The primary lesions presented by the victims of wildfires are burns, smoke intoxication,
and acute heat stress response.
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3.1. Burns

Burns on the face and limbs are the most common lesion in wild animals’ recovery
from wildfires. Some animals can escape the fire with only a few feathers or fur burns.
Others have deep burns on the skin. When an animal presents burns, the first thing to
consider is the burn’s depth, extent, and location [46-48]. Feathers and fur may hide the
appropriate extension of burns and should be set aside for accurate examination of the
skin [46-48].

Burns can be classified as superficial, partial, and complete thickness according to
depth (Table 1). Superficial burns are rare in wildlife since the fur, feathers, and scales pro-
vide some protection [46,49]. The most common burns are partial and complete thickness
(Figure 4). Bird skin does not blister as prominently as mammalian skin as it lacks collagen.
It can make it difficult to classify the type of burn [46]. Therefore, when accessing burns,
it is essential to assess their severity and the welfare of the animals. If it is not possible to
rehabilitate, the animal’s suffering should not be prolonged. In general, burns extension
inferior to 10% of the body surface has a reasonable prognosis, 10-15% of burned corporal
areas have a poor prognosis. More than 20% of the body burned is irreversible, and swift
euthanasia should be provided to the animal [46,49].

Table 1. Classification of burns in animals by their depth.

Degree of Burn Skin Layer Affected Macroscopic Exam Pain Prognosis
S . ] . . Erythema, reddening, swelling, . -
uperficial burns or first-degree burns Epidermis Present 2 weeks without scarring

no blister

Diffuse erythematous or mottled,

moist surface, reddening, 2-3 weeks without

Superficial Upper dermis swelling, blister, and weeps, Present scarring
Partial thickness blanching on pressure
burns or
d-d b i i
second-degree burns ]ﬁgtchydwﬁh i}eld or ;Nhlte argats, 2_8 weeks to heal with
Deep Lower dermis 1ssuade erythematous, moist, Some possible scarring, risk of

dermal oedema, blister, and

: infection
weeps, no blanching on pressure

Total thickness or third degree

>8 weeks, small areas
Absent heal with a scar, surgery,
risk of infection

Subcutaneous Greyish or with necrosis, dry,
structures blackened

Figure 4. Ulceration of the eye due to high temperatures and partial thickness burns in the head of a
roe deer (Capreolus capreolus) (Photo: Isabel Pires).

Several methods can be used to calculate the surface area burned in an animal body
as a percentage of the total body surface area. One of the most straightforward methods
is based on Wallace’s “rule of nine” used in humans, which divides the body into regions
that are multiples of 9% of the total body surface area. In animals, the head and neck are
counted as one “nine” or 9%, each forelimb 9%, each hind limb two “nines” or 18%, and
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the dorsal and ventral halves of the trunk 18% each (Figure 5). However, this method has
limitations since there is significant variability between animal body shapes. For example,
surface areas have not been determined for macropods due to the great diversity of tail
lengths. Another method used is the “Resuscitation Burn Card,” which gives a more precise
measure (Figure 6) [47,49].

Figure 5. Estimating the extent of the burned area according to the “rule of 9” schematically depicted
in a lizard (Illustration: Andreia Garcés).

Veterinary Burn Card Weight to Surface Area
CONVERSION TABLES
To calculate the burn percentage of the total body surface area (% TBSA): Dogs Cats
(1) Measure the bumn with this bum card. How many burn cards are needed to K o K Ko » kg o A
cover the bum completely? > os m  om @ w15 am 65 o
(2) Weigh the patient. Convert the weight to surface area in m? using the conversion i om B om % o 25 o 78 oms
table on the back of this burn card. f 8 & i . e v 1. a3 odis
(3) Apply these numbers to the following formula: ; gfg ;g g: : : ; :g gg;ﬁ :g gﬁ;
9 043 28 092 62 1.58 50 0292 100 0.464
13 055 k) 105 70 172
Example: 21 kg dog; burn size = 15.5 burn cards :; :55: 33: : ?2 ;i : ;:
16 063 40 147 76 1.81
Bum area '—5‘50’_‘7:45 9.2% TBSA p w8 w ®

Figure 6. The “Veterinary Burn Card” has the exact dimensions of a plastic credit card and covers
exactly 45 cm?. Both sides of the card have been enlarged here to facilitate readability.

For wildlife, whose release depends on a functional body, some locations of burns
may influence rehabilitation. Damage near joints where scar tissue restricts the movement
of limbs or digits significantly affects tree-dwelling animals such as squirrels or genets.
Moreover, lesions in structures such as eyelids and mouth can affect the ability to feed
or sight. Blind animals cannot survive in the wild. Nails can be used to climb trees, eat,
predate, dig, groom, fight, and do other essential activities. The animal may face a lost
nail on a hand, but the loss of several nails can affect its survival [9,46]. With skin damage,
fluid and electrolytes are lost from the body, and the animals become more susceptible to
secondary infections by bacteria or fungi. The movement becomes painful, and blood loss
can occur as the tissues are fragile and unable to cope with trauma [9,46].

Treatment includes flushing the burn with tepid water of 0.9% saline for 10 min to
cool down the area and clean debris, such as dirt and plant material, trimming off singed
fur/feathers with scissors or clippers so the skin can be examined, and trimming away
any flaps of dead skin [9,46]. A 1% lodine solution can be used to clean the area. Moist
cotton buds can clean the nostrils and bathe the eyes with saline solution. The burns
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can be treated with ointments such as silver sulphadiazine and chlorhexidine bandages.
Antibiotics are required for a minimum of seven days, usually for two weeks, while the
necrotic tissue is debrided. Analgesics and anxiolytics should be given to minimize pain
and stress. Administration of vitamins is recommended. Vitamin C reduces healing time,
vitamin E is an antioxidant that benefits burns, and vitamin A helps to produce healthy
skin [9,46].

3.2. Smoke Asphyxiation

Terrestrial and aquatic are vulnerable to the inhalation of airborne toxins in the smoke
(e.g., carbon monoxide (CO), hydrogen cyanide (HCN), and delicate particulate matter
(PM)). A large number of animals die from smoke-induced asphyxiation [50]. Animals can
suffer from carbon monoxide poisoning (mostly fatal), thermal and chemical burns in the
respiratory tract, and short- and long-term respiratory diseases [47]. Furthermore, when the
lungs are filled with smoke, animals cannot maintain their body temperature by evaporative
cooling and can overheat [51]. Symptoms of smoke inhalation include dyspnea, tachypnoea,
wheezing, polypnea, coughing, foaming at the nostrils, and tachycardia [52-54]. When
thermal and chemical lesion occurs leads to fluid accumulation in the lungs (edema) [55]
(Figure 7). Due to the low exchange of gases in the lungs, animals rapidly enter hypoxemia
and acidosis [49]. Long-term exposure to wildfire smoke can alter or weaken the animal’s
immune response. They became more vulnerable to respiratory infections (e.g., pneumonia)
and chronic heart disease [49,56]. Wildfire smoke also can alter animal behavior (e.g.,
movement, vocalization), reduce growth rates and reproductive success [16].

Figure 7. Hemorrhage, pulmonary oedema, emphysematous, and atelectatic areas in a roe deer
(Capreolus capreolus) that inhaled smoke from a wildfire (Photo: Isabel Pires).

Treatment includes oxygen supplementation within the first 12 h of injury to help treat
carboxy hemoglobinemia. Mechanical ventilation may be required to maintain oxygen
saturation. Intravenous fluids can be administered to maintain average heart output
and tissue infusion. Nebulization of saline and coupage might enable clearance of the
respiratory secretions. In addition, it is necessary to monitor the development of secondary
complications such as bacterial pneumonia and ARDS. Antibiotics, anti-inflammatory
drugs, or analgesics may be required [57].

3.3. The Acute Heat Stress Response

Wildfires can reach temperatures higher than 63 °C. These temperatures are lethal to
small animals, and it is reasonable to assume the threshold does not differ significantly for
larger animals [58]. These high temperatures led to heat stress in the animals. Associated
clinical signs are behavioral impairment, disorientation, hyperventilation, and discoordina-
tion [24]. Heat stress causes a decrease in food intake, hormonal and metabolic changes,
tissue stress tachypnoea, an increase in skin temperature, a decrease in fertility, neurologic
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conditions, and behavior change [9,59]. Nutritional supplementation (e.g., olive oil) and
water during prolonged dry periods and fires can help reduce heat stress’s impact [60].

3.4. Traumatic Injuries

When animals try to escape the flames, they become disoriented, and sometimes they
can suffer accidents, such as being run over by a car, falling in holes, or crashing against
structures, such as walls or trees [9]. Animals can present soft tissue and skeletal injuries,
mainly affecting the extremities (e.g., fractures, internal bleeding, bruises) (Figure 8). The
severity of the injury must be assessed, and when it cannot be rehabilitated, the animal
must be euthanized [9]. Some birds can suffer electrocution when trying to escape [61].

Figure 8. Badger (Melus melus) run over by a motor vehicle with multiple soft tissue and skeletal
injuries. Broken ribs and rupture of intercostal muscle in a wild boar (Sus scrofa) that collided with a
motor vehicle (Photo: Isabel Pires).

4. Conclusions and Remarks for the Future

There is no doubt that wildfires affect wildlife, in most cases, negatively. Over the
last few decades, fires have become more widespread and destructive, and animal species
cannot adapt. This is even more dangerous for the species near extinction. Threatened
species populations are already so small that a fire can kill the entire population (especially
animals with low mobility, such as amphibians). In addition, a fire could eradicate their
habitat, leaving them to starve or unable to reproduce because their breeding sites have
been damaged along with this season’s youth. Veterinarians should be aware of how
animals behave during forest fires and what lesions are most common in different groups of
animals. This information could be essential to provide a faster and more efficient response
to this catastrophe. Not only veterinarians but the public must be trained and informed
about how to act. Even though forest fire is a common and recurrent problem worldwide,
it is often neglected, especially regarding wildlife.

It is important to inform the public and entities involved in extinguishing the fire
(e.g., firefighters) how to act in the presence of an animal victim of wildfire. For example,
they should not disturb the animals that escape fires, keep pets on a leash or inside the
house to avoid conflicts, supply food and create water bodies for them without making
any dependence on humans, capture any animal that presents injuries and forward them
to formal institutions with veterinarian assistance. In the future, further studies on the
quantification of mortality and the impact of stress on the welfare of populations will
be required to improve fire responses. These studies should use new software tools and
traditional census methodologies to improve knowledge [9].

Wildfire management involves more measures than treating, rehabilitating, and pro-
viding a habitat for animals to return. After the fires are essential to allow the regeneration
of the forests with the restriction of human access to those areas, increase soil microbial
activities to reduce soil erosion, promote replantation of endemic fauna, the use of eco-
friendly fuel to reduce the temperature, revegetation with new trees in the burned areas and
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surrounding forest land to ensure that wildlife has access to food and shelter [1,36]. It is im-
perative to restore the habitat to its original status (or the closest possible), as many species
have evolved to live in certain conditions. If a particular habitat disappears completely, a
population can become extinct.

Unfortunately, the wildfire problem does not have a specific solution for the time being.
We can try to improve response mechanisms, but the best option at this point is prevention.
The combination of social governance, public and personal land management, suppression
efficiency, and unique arrangement is part of the solution [1]. We should not wait for a
wildfire to occur and face the consequences but rather develop pre-disaster efforts and well-
organized protocols to avoid them [9]. Proper land regulation and permanent vigilance
are some of the essential measures. Some measures of fire prevention are increasing
forest density with endemic flora, reducing the number of non-endemic locations, creating
wildlife sanctuaries to protect endangered species, and vigilance of green areas with forest
guards aided by new technologies such as drones, centralized public telephone numbers
and phone apps that can facilitate interventions when a fire is spotted [1]. Areas that
contain endangered species must be declared protected. A large part of wildfire occurs due
to human carelessness. Therefore, it is essential to inform the public and raise awareness
regarding the risks of producing small fires (e.g., burns in agriculture, campfires) during
dry seasons that could spread with the help of wind and cause a wildfire [1,8,9].

The future of wildfires requires better preventive and response measures. Veterinary
teams should be better trained for these situations. It is also important to inform the general
public about possible animal injuries and involve them in preventive measures.

Author Contributions: Conceptualization, A.G. and I.P,; methodology, A.G. and LP,; software, A.G.
and LP; validation, A.G. and I.P; formal analysis, A.G. and LP; investigation, A.G. and LP; resources,
A.G. and I.P; data curation, A.G. and I.P,; writing—original draft preparation, A.G. and I.P; writing—
review and editing, A.G. and LP; visualization, A.G. and L.P,; supervision, A.G. and I.P,; project
administration, A.G. and I.P; funding acquisition, A.G. and L.P. All authors have read and agreed to
the published version of the manuscript.

Funding: The participation of Pires I was supported by the projects UIDB/CVT/00772/2020 and
LA/P/0059/2020, funded by the Portuguese Foundation for Science and Technology (FCT). (Project
UIDB/CVT/0772/2020). The participation of Garcés A. was supported by National Funds by FCT-
Portuguese Foundation for Science and Technology, under the project UIDB/04033/2020.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Haque, M.K,; Azad, M.A K,; Hossain, M.Y.; Ahmed, T.; Uddin, M.; Hossain, M.M. Wildfire in Australia during 2019-2020, Its
Impact on Health, Biodiversity and Environment with Some Proposals for Risk Management: A Review. ]. Environ. Prot. 2021, 12,
391-414. [CrossRef]

Walley, D. How Wildfires Affect Wildlife. Available online: https://spca.bc.ca/news/how-wildfires-affect-wildlife/ (accessed on
24 July 2022).

Guil, F; Soria, M.A.; Margalida, A.; Pérez-Garcia, ]. M. Wildfires as Collateral Effects of Wildlife Electrocution: An Economic
Approach to the Situation in Spain in Recent Years. Sci. Total Environ. 2018, 625, 460-469. [CrossRef] [PubMed]

Machado, L. O que se sabe sobre o “Dia do Fogo”, momento-chave das queimadas na Amazoénia. BBC News Brasil, 27 August
2019.

Panzer, R. Compeatibility of Prescribed Burning with the Conservation of Insects in Small, Isolated Prairie Reserves. Conserv. Biol.
2002, 16, 1296-1307. [CrossRef]

Keeley, J.E.; Fotheringham, C.J.; Baer-Keeley, M. Factors Affecting Plant Diversity during Post-Fire Recovery and Succession of
Mediterranean-Climate Shrublands in California, USA. Divers. Distrib. 2005, 11, 525-537. [CrossRef]

Kaufman, G.A.; Kaufman, D.W.; Finck, E.J. Influence of Fire and Topography on Habitat Selection by Peromyscus Maniculatus
and Reithrodontomys Megalotis in Ungrazed Tallgrass Prairie. . Mammal. 1988, 69, 342-352. [CrossRef]


http://doi.org/10.4236/jep.2021.126024
https://spca.bc.ca/news/how-wildfires-affect-wildlife/
http://doi.org/10.1016/j.scitotenv.2017.12.242
http://www.ncbi.nlm.nih.gov/pubmed/29291560
http://doi.org/10.1046/j.1523-1739.2002.01077.x
http://doi.org/10.1111/j.1366-9516.2005.00200.x
http://doi.org/10.2307/1381384

Conservation 2023, 3 107

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

Smith, J.K. Wildland Fire in Ecosystems: Effects of Fire on Fauna; U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station: Fort Collins, CO, USA, 2000; p. RMRS-GTR-42-V1.

Gutiérrez, J.; de Miguel, J. Fires in Nature: A Review of the Challenges for Wild Animals. Eur. J. Ecol. 2021, 7, 14643. [CrossRef]
NFPA Report—Fire Loss in the United States. Available online: https://www.nfpa.org/News-and-Research/Data-research-and-
tools/US-Fire-Problem /Fire-loss-in-the-United-States (accessed on 5 January 2023).

Nielsen-Pincus, M.; Moseley, C.; Gebert, K. Job Growth and Loss across Sectors and Time in the Western US: The Impact of Large
Wildfires. For. Policy Econ. 2014, 38, 199-206. [CrossRef]

U.S. Bureau of Economic Analysis (BEA). Outdoor Recreation. Available online: https://www.bea.gov/data/special-topics/
outdoor-recreation (accessed on 5 January 2023).

Martinho, V.J.P.D. Socioeconomic Impacts of Forest Fires upon Portugal: An Analysis for the Agricultural and Forestry Sectors.
Sustainability 2019, 11, 374. [CrossRef]

Miller, L. What Are the Environmental & Socioeconomic Impacts of Wildfire Emissions? Available online: https://metone.com/
what-are-the-environmental-socio-economic-impacts-of-wildfire-emissions/ (accessed on 5 January 2023).

GFW. Vizzuality Portugal Deforestation Rates & Statistics. Available online: https:/ /www.globalforestwatch.org/dashboards/
country /PRT?category=fires (accessed on 25 July 2022).

da Silva, S.S.; Oliveira, I.; Morello, T.F.; Anderson, L.O.; Karlokoski, A.; Brando, PM.; de Melo, A.W.E,; da Costa, J.G.; de Souza,
FS.C; da Silva, 1.S.; et al. Burning in Southwestern Brazilian Amazonia, 2016-2019. |. Environ. Manag. 2021, 286, 112189.
[CrossRef]

Abreu, M.C,; Lyra, G.B.; de Oliveira-Junior, ].E; Souza, A.; Pobo¢ikova, I.; de Souza Fraga, M.; Abreu, R.C.R. Temporal and Spatial
Patterns of Fire Activity in Three Biomes of Brazil. Sci. Total Environ. 2022, 844, 157138. [CrossRef]

Pletsch, M.A.].S; Silva Junior, C.H.L.; Penha, T.V,; Korting, T.S.; Silva, M.E.S.; Pereira, G.; Anderson, L.O.; Aragao, L.E.O.C. The
2020 Brazilian Pantanal Fires. An. Acad. Bras. Cienc. 2021, 93, €20210077. [CrossRef]

Albery, G.E,; Turilli, I; Joseph, M.B.; Foley, J.; Frere, C.H.; Bansal, S. From Flames to Inflammation: How Wildfires Affect Patterns
of Wildlife Disease. Fire Ecol. 2021, 17, 23. [CrossRef]

Wrigth, H.; Bailey, A. Fire Ecology: United States and Southern Canada; Wiley: Hoboken, NJ, USA, 1982; ISBN 978-0-471-09033-5.
Cardillo, M. Biological Determinants of Extinction Risk: Why Are Smaller Species Less Vulnerable? Anim. Conserv. 2003, 6, 63—69.
[CrossRef]

Ford, WM.; Menzel, M.A.; McGill, D.W.; Laerm, ].; McCay, T.S. Effects of a Community Restoration Fire on Small Mammals and
Herpetofauna in the Southern Appalachians. For. Ecol. Manag. 1999, 114, 233-243. [CrossRef]

Geluso, K.N.; Bragg, T.B. Fire-Avoidance Behavior of Meadow Voles (Microtus pennsylvanicus). Am. Midl. Nat. 1986, 116, 202-205.
[CrossRef]

Sanderfoot, O.V.; Bassing, S.B.; Brusa, J.L.; Emmet, R.L.; Gillman, S.J.; Swift, K.; Gardner, B. A Review of the Effects of Wildfire
Smoke on the Health and Behavior of Wildlife. Environ. Res. Lett. 2021, 16, 123003. [CrossRef]

Patterson, G.B. The Effect of Burning-off Tussock Grassland on the Population Density of Common Skinks. N. Z. ]. Zool. 1984, 11,
189-194. [CrossRef]

Fenner, A.L.; Bull, C.M. Short-Term Impact of Grassland Fire on the Endangered Pygmy Bluetongue Lizard. ]. Zool. 2007, 272,
444-450. [CrossRef]

Gill, AM,; Allan, G. Large Fires, Fire Effects and the Fire-Regime Concept. Int. |. Wildland Fire 2008, 17, 688—695. [CrossRef]
Gresswell, R.E. Fire and Aquatic Ecosystems in Forested Biomes of North America. Trans. Am. Fish. Soc. 1999, 128, 193-221.
[CrossRef]

Bozek, M.A.; Young, M.K. Fish mortality resulting from delayed effects of fire in the greater yellowstone ecosystem. Great Basin
Nat. 1994, 54, 91-95.

Dunham, ].B.; Rosenberger, A.E.; Luce, C.H.; Rieman, B.E. Influences of Wildfire and Channel Reorganization on Spatial and
Temporal Variation in Stream Temperature and the Distribution of Fish and Amphibians. Ecosystems 2007, 10, 335-346. [CrossRef]
Lyon, J.P.; O’connor, J.P. Smoke on the Water: Can Riverine Fish Populations Recover Following a Catastrophic Fire-Related
Sediment Slug? Austral Ecol. 2008, 33, 794-806. [CrossRef]

Bjornn, T.C.; Brusven, M.A.; Molnau, M.P.,; Miligan, J.H.; Klamt, R.A.; Chacho, E.; Schaye, C. Transport of Granitic Sediment
in Streams and Its Effects on Insects and Fish; Bulletin No. 17; University of Idaho: Moscow, ID, USA, 1977; Available online:
https:/ /www.lib.uidaho.edu/digital /iwdl/docs/iwdI-197701.html (accessed on 23 August 2022).

Lyon, L.]J.; Crawford, H.S.; Czuhai, E.; Fredriksen, R.L.; Harlow, R.E; Metz, L.J.; Pearson, H.A.; States, U. Effects of Fire on Fauna: A
State-of-Knowledge Review; U.S. Dept. of Agriculture, Forest Service: Washington, DC, USA, 1978; pp. 1-52.

Sutherland, E.; Dickman, C. Mechanisms of Recovery after Fire by Rodents in the Australian Environment. Wildl. Res. 1999, 26,
405-419. [CrossRef]

Wiebe, K. Microclimate of Tree Cavity Nests: Is It Important for Reproductive Success in Northern Flickers? Auk 2001, 118,
412-421. [CrossRef]

Fonseca, F. How Wildfires Impact Wildlife and Their Habitats. Available online: https://www.pbs.org/newshour/science/
explainer-how-wildfires-impact-wildlife-their-habitat (accessed on 24 July 2022).


http://doi.org/10.17161/eurojecol.v7i1.14643
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
https://www.nfpa.org/News-and-Research/Data-research-and-tools/US-Fire-Problem/Fire-loss-in-the-United-States
http://doi.org/10.1016/j.forpol.2013.08.010
https://www.bea.gov/data/special-topics/outdoor-recreation
https://www.bea.gov/data/special-topics/outdoor-recreation
http://doi.org/10.3390/su11020374
https://metone.com/what-are-the-environmental-socio-economic-impacts-of-wildfire-emissions/
https://metone.com/what-are-the-environmental-socio-economic-impacts-of-wildfire-emissions/
https://www.globalforestwatch.org/dashboards/country/PRT?category=fires
https://www.globalforestwatch.org/dashboards/country/PRT?category=fires
http://doi.org/10.1016/j.jenvman.2021.112189
http://doi.org/10.1016/j.scitotenv.2022.157138
http://doi.org/10.1590/0001-3765202120210077
http://doi.org/10.1186/s42408-021-00113-4
http://doi.org/10.1017/S1367943003003093
http://doi.org/10.1016/S0378-1127(98)00354-5
http://doi.org/10.2307/2425953
http://doi.org/10.1088/1748-9326/ac30f6
http://doi.org/10.1080/03014223.1984.10423757
http://doi.org/10.1111/j.1469-7998.2007.00287.x
http://doi.org/10.1071/WF07145
http://doi.org/10.1577/1548-8659(1999)128&lt;0193:FAAEIF&gt;2.0.CO;2
http://doi.org/10.1007/s10021-007-9029-8
http://doi.org/10.1111/j.1442-9993.2008.01851.x
https://www.lib.uidaho.edu/digital/iwdl/docs/iwdl-197701.html
http://doi.org/10.1071/WR97045
http://doi.org/10.1093/auk/118.2.412
https://www.pbs.org/newshour/science/explainer-how-wildfires-impact-wildlife-their-habitat
https://www.pbs.org/newshour/science/explainer-how-wildfires-impact-wildlife-their-habitat

Conservation 2023, 3 108

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.
58.

59.

60.

61.

De Barros, A.E.; Morato, R.G.; Fleming, C.H.; Pardini, R.; Oliveira-Santos, L.G.R.; Tomas, W.M.; Kantek, D.L.Z.; Tortato, FR;
Fragoso, C.E.; Azevedo, EC.C,; et al. Wildfires Disproportionately Affected Jaguars in the Pantanal. Commun. Biol. 2022, 5, 1028.
[CrossRef] [PubMed]

Bowman, D.M.].S.; Murphy, B.P.; Burrows, G.; Crisp, M.D. Fire Regimes and the Evolution of the Australian Biota. In Flammable
Australia; Bradstock, R.A., Gill, A.M., Williams, R.J., Eds.; CSIRO Publishing: Melbourne, Australia, 2012; pp. 43-67. ISBN
978-0-643-10482-2.

Ellwanger, ].H.; Fearnside, PM.; Ziliotto, M.; Valverde-Villegas, ].M.; Veiga, A.B.G.D.; Vieira, G.F; Bach, E.; Cardoso, ].C.; Miiller,
N.ED.; Lopes, G.; et al. Synthesising the Connections between Environmental Disturbances and Zoonotic Spillover. An. Acad.
Bras. Cienc. 2022, 94, €20211530. [CrossRef] [PubMed]

Certini, G. Effects of Fire on Properties of Forest Soils: A Review. Oecologia 2005, 143, 1-10. [CrossRef] [PubMed]

Sims, H.P.; Buckner, C.H. The Effect of Clear Cutting and Burning of Pinus Banksiana Forests on the Populations of Small
Mammals in Southeastern Manitoba. Am. Midl. Nat. 1973, 90, 228-231. [CrossRef]

Prada, M.; Marinho-Filho, J. Effects of Fire on the Abundance of Xenarthrans in Mato Grosso, Brazil. Austral Ecol. 2004, 29,
568-573. [CrossRef]

Moody, J.A.; Martin, D.A. Initial Hydrologic and Geomorphic Response Following a Wildfire in the Colorado Front Range. Earth
Surf. Process. Landf. 2001, 26, 1049-1070. [CrossRef]

Brito, D.Q.; Passos, C.J.S.; Muniz, D.H.E,; Oliveira-Filho, E.C. Aquatic Ecotoxicity of Ashes from Brazilian Savanna Wildfires.
Environ. Sci. Pollut. Res. 2017, 24, 19671-19682. [CrossRef] [PubMed]

Goode, J.R.; Luce, C.H.; Buffington, ].M. Enhanced Sediment Delivery in a Changing Climate in Semi-Arid Mountain Basins:
Implications for Water Resource Management and Aquatic Habitat in the Northern Rocky Mountains. Geomorphology 2012,
139-140, 1-15. [CrossRef]

Fowler, D.A. Treating Burnt Wildlife. Available online: https://www.ava.com.au/siteassets/library/other-resources/ treating-
burnt-wildlife-2020-dr-anne-fowler.pdf (accessed on 24 July 2022).

Vaughn, L.; Beckel, N. Severe Burn Injury, Burn Shock, and Smoke Inhalation Injury in Small Animals. Part 1: Burn Classification
and Pathophysiology. J. Vet. Emerg. Crit. Care 2012, 22, 179-186. [CrossRef] [PubMed]

Vaughn, L.; Beckel, N.; Walters, P. Severe Burn Injury, Burn Shock, and Smoke Inhalation Injury in Small Animals. Part 2:
Diagnosis, Therapy, Complications, and Prognosis. J. Vet. Emerg. Crit. Care 2012, 22, 187-200. [CrossRef]

Wohlsein, P.; Peters, M.; Schulze, C.; Baumgartner, W. Thermal Injuries in Veterinary Forensic Pathology. Vet. Pathol. 2016, 53,
1001-1017. [CrossRef]

Lawrence, G.E. Ecology of Vertebrate Animals in Relation to Chaparral Fire in the Sierra Nevada Foothills. Ecology 1966, 47,
278-291. [CrossRef]

Marshall, A.]. Biology and Comparative Physiology of Birds: Volume II; Elsevier: Amsterdam, The Netherlands, 2016; ISBN 978-1-
4832-6397-7.

Fitzgerald, K.T.; Flood, A.A. Smoke Inhalation. Clin. Tech. Small Anim. Pract. 2006, 21, 205-214. [CrossRef]

Guillaumin, J.; Hopper, K. Successful Outcome in a Dog with Neurological and Respiratory Signs Following Smoke Inhalation. J.
Vet. Emerg. Crit. Care 2013, 23, 328-334. [CrossRef]

Verstappen, FEA.L.M.; Dorrestein, G.M. Aspergillosis in Amazon Parrots After Corticosteroid Therapy for Smoke-Inhalation
Injury. J. Avian Med. Surg. 2005, 19, 138-141. [CrossRef]

Jordaan, PR.; Steyl, J.C.A.; Hanekom, C.C.; Combrink, X. Fire-Associated Reptile Mortality in Tembe Elephant Park, South Africa.
Fire Ecol. 2020, 16, 3. [CrossRef]

Thompson, R.C.A. Parasite Zoonoses and Wildlife: One Health, Spillover and Human Activity. Int. J. Parasitol. 2013, 43, 1079-1088.
[CrossRef] [PubMed]

Coté, E. Clinical Veterinary Advisor—Dogs and Cats, 2nd ed.; Elsevier: Amsterdam, The Netherlands, 2011; ISBN 978-0-323-06864-2.
Butkus, C.; Peyton, J.; Heeren, A.; Clifford, D. Prevalence, treatment, and survival of burned wildlife presenting to rehabilitation
facilities from 2015 to 2018. J. Zoo Wildl. Med. 2021, 52, 555-563. [CrossRef] [PubMed]

Marai, L.EM.; El-Darawany, A.A.; Fadiel, A.; Abdel-Hafez, M.A .M. Physiological Traits as Affected by Heat Stress in Sheep—A
Review. Small Rumin. Res. 2007, 71, 1-12. [CrossRef]

Mujahid, A.; Akiba, Y.; Toyomizu, M. Olive Oil-Supplemented Diet Alleviates Acute Heat Stress-Induced Mitochondrial ROS
Production in Chicken Skeletal Muscle. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2009, 297, R690-R698. [CrossRef] [PubMed]

Bevanger, K. Biological and Conservation Aspects of Bird Mortality Caused by Electricity Power Lines: A Review. Biol. Conserv.
1998, 86, 67-76. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1038/s42003-022-03937-1
http://www.ncbi.nlm.nih.gov/pubmed/36229543
http://doi.org/10.1590/0001-3765202220211530
http://www.ncbi.nlm.nih.gov/pubmed/36169531
http://doi.org/10.1007/s00442-004-1788-8
http://www.ncbi.nlm.nih.gov/pubmed/15688212
http://doi.org/10.2307/2424288
http://doi.org/10.1111/j.1442-9993.2004.01391.x
http://doi.org/10.1002/esp.253
http://doi.org/10.1007/s11356-017-9578-0
http://www.ncbi.nlm.nih.gov/pubmed/28681306
http://doi.org/10.1016/j.geomorph.2011.06.021
https://www.ava.com.au/siteassets/library/other-resources/treating-burnt-wildlife-2020-dr-anne-fowler.pdf
https://www.ava.com.au/siteassets/library/other-resources/treating-burnt-wildlife-2020-dr-anne-fowler.pdf
http://doi.org/10.1111/j.1476-4431.2012.00727.x
http://www.ncbi.nlm.nih.gov/pubmed/23016809
http://doi.org/10.1111/j.1476-4431.2012.00728.x
http://doi.org/10.1177/0300985816643368
http://doi.org/10.2307/1933775
http://doi.org/10.1053/j.ctsap.2006.10.009
http://doi.org/10.1111/vec.12054
http://doi.org/10.1647/2002-029
http://doi.org/10.1186/s42408-019-0066-4
http://doi.org/10.1016/j.ijpara.2013.06.007
http://www.ncbi.nlm.nih.gov/pubmed/23892130
http://doi.org/10.1638/2020-0093
http://www.ncbi.nlm.nih.gov/pubmed/34130398
http://doi.org/10.1016/j.smallrumres.2006.10.003
http://doi.org/10.1152/ajpregu.90974.2008
http://www.ncbi.nlm.nih.gov/pubmed/19553496
http://doi.org/10.1016/S0006-3207(97)00176-6

	Introduction 
	Impact on Ecosystems and Wildlife 
	The Role of the Veterinarian: Treatment and Recovery of Burned Wildlife 
	Burns 
	Smoke Asphyxiation 
	The Acute Heat Stress Response 
	Traumatic Injuries 

	Conclusions and Remarks for the Future 
	References

