ECOLOGICA

FIGHTING FIRE
WITH … TORPOR?
HOW ‘HUNKERING DOWN’ HELPS SOME
M A M M A L S AV O I D D I S A S T E R
According to Nobel prize-winning physicist Luis Alvarez, around 66 million years ago an asteroid plummeted
to earth on Mexico’s Yucatán peninsula, throwing up a cloud of iridium-laced debris and causing the
ecological disaster that led to the mass extinction known as the Cretaceous-Palaeogene (K-Pg) boundary.
Three-quarters of the world’s species – including some dinosaurs that were the apex predators of the
age – were wiped out, probably by catastrophic wildfires after the asteroid exploded on impact, or by the
subsequent ‘nuclear winter’. So how did any terrestrial mammals survive? Dr Clare Stawski explains the
energy-saving strategies that may have helped small mammals survive ice and fire and usher in the age of
mammals, and how their Australian descendants are still using those strategies today.

A

ustralia is still a largely hostile continent. Habitats range
from coastal forests battered by cyclonic winds, to snowcovered boulder fields, to parched deserts. To make
things worse, it is also famously fire-prone, with unpredictable
weather and frequent natural disasters that create unexpected
energetic bottlenecks (as do global disasters such as asteroid
impacts). Along with fire, the famed ‘droughts and flooding rains’
of this sunburnt country temporarily reduce resources, making
it difficult for animals to obtain enough food and energy to
survive while still avoiding predation. Yet during the CretaceousPalaeogene extinction event some animals proved adaptable
enough to not only survive but also, later, to thrive. How? Was
‘going to ground’ the secret survival skill of mammals?
In 2014, Barry Lovegrove and colleagues found that a small
Madagascan mammal, the common tenrecs (Tenrec ecaudatus),
could hibernate for nine months straight without rousing.
The finding suggested that strategies such as hibernation and

After a fire, even just a lowintensity management burn, the
landscape may remain barren
for many months, placing an
enormous energetic burden on
animals. Photo: Clare Stawski
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torpor – the controlled reduction of body temperature (to as
low as -3 ˚C for some Arctic species) – may have helped small
mammals avoid the threats that killed off larger species in the
K-Pg extinction event. We know at least one small species of
insectivorous shrew and the ancestors of today’s monotremes
persisted, but no terrestrial vertebrates larger than 25 kg are
known to have survived, suggesting burrowing or torpor (or both)
played a role.
Many different species of mammals use torpor: monotremes
(specifically the echidna, see the article on p.22), opossums,
shrew-opossum, carnivorous marsupials (dasyurids), marsupial
moles, possums, tenrecs, armadillos, bats, rodents, insectivores,
elephant shrews, carnivores and even primates. In Australia,
marsupials that use torpor come in a diversity of sizes, forms
and lifestyles. Approximately 58 native marsupials are known
to use torpor, and it is likely that other species do too. Most
of them are small, which makes sense because these animals
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Animals that survive the
flames and toxic fumes, such
as this brown antechinus, still
need ground cover, hiding
places and habitat in which
to forage. Photo: Fritz Geiser

Going to ground, curling into a ball and saving some energy – torpor is
a frequent survival strategy of small marsupials like this western pygmypossum. Photo: Fritz Geiser.

expend more energy per gram and lose more body heat than do
larger species. Some of them, such as pygmy-possums, can
also hibernate for up to a year. The mountain pygmy-possum
(Burramys parvus) displays a typical hibernation pattern seen
in Northern Hemisphere hibernators such as ground squirrels.
Upon emerging, mountain pygmy-possums refuel by preying
on Bogong moths, which migrate to the possums’ alpine
habitat in late spring. Recently, snow has begun to melt
earlier, so the possums are rousing before the moths have
arrived, making it hard for them to sustain themselves. Given
their restricted high-altitude range and hibernation schedule,
mountain pygmy-possums are likely to be negatively affected
by climate change.
Torpor is especially prevalent among the insectivorous/
carnivorous marsupials of the family Dasyuridae. Dasyurids
appear to be daily heterotherms that enter torpid states for less
than a day and never for prolonged periods. Mind you, there is
always an exception. Some dasyurids, such as dunnarts, are more
opportunistic, employing daily torpor year-round – whenever
they become stressed or cold, or just to conserve energy for hard
times ahead.

‘Furballs’ and fire
Fires are an integral part of Australian ecosystems. Many native
plants are fire-adapted and some rely on frequent burns to
regenerate dormant seeds or increase biodiversity. Blazing,
uncontrolled bushfires, however, can be incredibly destructive.
Importantly, Australia’s historical fire regime has been crudely
disrupted, first by colonisation and now by climate change. We
are experiencing more frequent and intense fires, and despite
management burns aiming to reduce fuel load (and therefore
intensity), we know little about how individual animals survive
fire or the barren landscape it leaves behind. Lack of cover
makes post-fire habitats ideal hunting grounds for predators
such as cats, foxes, and raptors. Feral cats prowl burnt areas,
taking advantage of injured, hungry or exposed native mammals.
Surviving fire thus often means curling up into a furry ball to save
energy and hunkering down until better times arrive.
To find out just how torpid mammals do this, along with my
colleagues from the University of New England, I documented the
activity and torpor patterns of the brown antechinus (Antechinus
stuartii) – another dasyurid marsupial – before and after a
management burn at Guy Fawkes River National Park, NSW. These
engaging little marsupials found along the east coast of Australia
have a fascinating life history. Males expend so much energy
mating, and eat so little, that they die after a short but rampant two-

The ability to
respond to
environmental
cues is vital during
unpredictable
events.

week mating period. Females
often die after weaning their
young, and only around onethird of the population lives for a second year, apparently aided by
– you guessed it – torpor. Brown antechinuses use torpor less often
than dunnarts, and females use it more than males.
We recorded the body temperature and activity patterns
of individuals via temperature-sensitive radio-transmitters.
The transmitters enabled us to locate each individual’s nest
daily after a fire. Importantly, all of the surviving antechinuses
remained in the burnt habitat, despite unburnt areas nearby.
Territoriality could account for that, as other antechinus
populations occupied the unburnt areas. Antechinuses in the
burnt area had to deal with loss of ground cover and reduction
in food. While both males and females employed torpor before

D A I LY T O R P O R A N D H I B E R N AT I O N :
W H AT ’ S T H E D I F F E R E N C E ?
Hibernation is a prolonged form of torpor that reduces
energy demands (and thus the amount of food and water
required) and is associated with a regulated drop in body
temperature and metabolic rate, reduced breathing and
oxygen intake, lowered heart rate, and less blood flow
to the internal organs. Hibernation is often seasonal
and is usually based on photoperiod (day length) or on
hormonal variations and breeding cycles. Seasonal change
in available light acts as a physiological cue for animals that
hibernate. Daily torpor is used for shorter periods of time.
While hibernation is predictable, daily torpor is employed
more flexibly in response to environmental cues, such as
changes in food availability, the presence of predators, or
the outside air temperature. Animals that employ daily
torpor mostly do so in their usual preferred sleeping habitat,
whereas hibernators may seek out a special hidey-hole for
their extended period of shut-eye. Body temperature also
falls a lot lower in hibernating animals than in those that
use only daily torpor, so hibernators take slightly longer
to rouse, although most do periodically wake. If ambient
temperatures plummet to below freezing, a hibernating
mammal’s metabolic rate may temporarily and slightly
increase: a way to prevent it freezing to death without the
costly energetic needs of waking.
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Sugar gliders (Petaurus breviceps) use torpor mostly in response to bad
weather. Photo: Clare Stawski

RIDING OUT THE STORM
In 2014, most individuals of a population of sugar gliders at
Royal National Park, just south of Sydney, entered torpor just
as a category 1 cyclone hit. Outside of this storm event, only
one or maybe two of the individuals studied by Julia Nowack
and her team typically entered torpor daily. This severe storm
raged throughout the night – the usual foraging time for
this animal – bringing lashing winds and torrential rain.
Sydney and the surrounding areas were devastated, but all
of the gliders in this study survived. As gliding is their primary
method of travel, high wind speeds are likely disastrous for
sugar gliders, restricting them to their nests. However, staying
in also prevents them from foraging for an entire night, which
severely depletes their energy reserves. Employing torpor
during the storm enables them to expend minimal energy,
which they can recover by foraging the following night.
Such flexible use of torpor can help animals adapt to sudden
environmental changes, particularly if a food resource is pulse
driven or particularly temperature reliant.

the fire (and also in the unburnt area), in the burnt area they
used torpor twice as often following the fire. To accompany this
increase in torpor use, antechinuses reduced their daily activity.
Antechinuses are said to be strictly nocturnal, but we found they
were also active during the day in unburnt areas. In the burnt
area, daytime activity was almost non-existent, and nocturnal
activity was also reduced. Simply put, in the aftermath of a fire,
antechinuses stay in and ‘snooze’, saving energy through torpor
and limiting exposure to predators.
What about our antechinus population a year after the
management burn? Had they recovered? Short answer: yes.
Ground cover had returned, although patchily and primarily
Lomandra, a native herb. Even this sparse vegetation appeared to
help hide antechinuses from attackers. Their reproductive period
following the fire was successful, use of torpor was reduced
to ‘normal’ levels, and they were more active again – day and
night. These results suggest that antechinuses can adjust to
sudden changes in their habitat; such flexibility is vital in a world
threatened by climate change.
Given this marsupial’s ability to survive a low-intensity
management burn, we wondered whether the same would hold
true for a high-intensity wildfire? In January 2013, fire swept
through Warrumbungle National Park, NSW. The park is centred
on the eroded remains of a volcanic plug, and rocky outcrops
punctuate the eucalyptus woodlands. Some 88% of the landscape
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was affected, leaving only small pockets of unburnt vegetation,
mostly along creek lines. We conducted a survey approximately
four months post-fire. Data revealed a number of marsupials
surviving in the scorched landscape, in particular kangaroos –
marsupials large and fast enough to escape and return when
conditions improved. What about small terrestrial marsupials
that were unable to flee in time?
We trapped and studied the yellow-footed antechinus
(Antechinus flavipes), mostly near rocky outcrops, suggesting they
probably survived by retreating deep into cracks. Individuals
nesting in hollows or shallow burrows would most likely have
been burnt. Even four months post-fire, the survivors were
coping with their sub-optimal habitat by decreasing their activity.
Survival rates following a wildfire were lower than those
recorded after a management burn, yet survivors still increased
their periods of torpor. Now all we needed to know was: why?
What were they responding to? Was it a decrease in food (a
common trigger for torpid mammals)? An increase in predators?
Or were there specific ‘fire cues’? To answer these questions,
we studied a captive population of yellow-footed antechinus
kept in outdoor aviaries. The captive population was exposed to
natural weather conditions during winter. We established four
different treatment days, and also control days when they could

The fat-tailed dunnart, as its name suggests, stores up energy reserves
in its tail for lean times and reduces its energy expenditure by becoming
torpid during winter. Photo: Fritz Geiser

AROUSAL IN THE ARIDLANDS
Dunnarts inhabit formidable arid and semi-arid regions, and
as they are insectivorous, their food supply fluctuates. When
it is cold, insect abundance and activity decreases. It also
decreases when it is dry – which is much of the time. Longterm droughts, floods and fires are less predictable and can
make foraging a struggle, either reducing food availability
or impeding movement. Dunnarts save large amounts of
energy by employing torpor opportunistically in response
to those scenarios, improving their chances of survival until
conditions improve. While torpor saves energy, bringing the
body temperature back up to normal when rousing also
requires considerable energy. Of course, animals have found
ways around this too. Dunnarts take advantage of the sun
and bask to rewarm themselves after torpor. Lisa Warnecke
and colleagues observed fat-tailed dunnarts (Sminthopsis
crassicaudata), which were equipped with temperaturesensitive radio-transmitters, crawling out of soil cracks to
soak up the sun in a study in Kinchega National Park, NSW.
With their body temperatures recorded as being as low
as 14.6 °C, even moving at all seemed an amazing feat!
Basking fat-tailed dunnarts, however, were able to save
up to 85% of the costs associated with rewarming when
compared to animals that did not bask.

ECOLOGICA

C A N W E H I B E R N AT E ?
Most of us feel a little sluggish in winter and ponder the need
for at least one ‘doona day’, but can humans hibernate? That’s
something NASA has been studying for decades in the hope
of using suspended animation in space travel (see page 18 for
more about deep space research). A 2016 study by ChengWei Wu and Kenneth Storey highlights the links between
mammalian hibernation and longevity. Mammals that undergo
torpid periods appear to have longer life spans than their small
body size suggests they should. Wu and Storey hypothesize that
some of the metabolic benefits of hibernation may be linked to
mechanisms that help delay ageing. Could these processes allow
humans to sleep through the long, dull voyage to Mars, using
less oxygen and food and remaining youthful upon reaching
their destination? We know that at least nine other primates
use torpor, and five of these can hibernate. The fat-tailed dwarf
lemur (Cheirogaleus medius) of Madagascar is even able to fall
fully asleep while hibernating, which is unusual. We share some
98% of our DNA with other primates. Have we retained any
traits that will make successful hibernation more likely?
We know that the human body may recover more quickly
from trauma and injury when in a hypothermic state. As body
temperature decreases, each degree dropped slows metabolism
by 5–7%, reducing oxygen consumption and protecting
tissue that would otherwise be oxygen-starved. ‘Therapeutic
hypothermia’ is a form of biomimicry – copying nature’s
great ideas to benefit humans. It reduces brain damage for
child drowning victims and increases recovery of infants after
traumatic births. Surgeons, too, sometimes operate at the
freezing precipice of life and death. ‘Hypothermic preservation’

is used to save the life of trauma victims or soldiers, and to
prevent catastrophic blood loss. A patient’s blood is replaced
with chilled saline to rapidly cool the body to 15 ˚C . The heart
stops beating, the ‘blood’ stops circulating. Oxygen needs
are reduced, brain activity stops and signs of life are almost
non-existent. Yet the patient may still be safely ‘reanimated’
afterwards. Of course, for a human primate, whose body
temperature hovers around 37 ˚C, hypothermia is not without
risks. Kidney damage and blood loss on rewarming remain a
threat, extended periods of inactivity may cause muscles to
atrophy, and ventilation is necessary to avoid asphyxiation.
Biomedical breakthroughs, however, now make managing
these issues possible – so much so that in May 2016, NASA
announced that SpaceWorks was resuming plans to design a
‘torpor-inducing habitat’ that might ferry humans to Mars. The
capsule would cycle the crew through ‘inactive, non-cryonic
torpor sleep states for the duration of the inspace mission
segments’. Natural hibernators we may not be, but if the project
is successful, it seems that human hibernation might not remain
science fiction for long.
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Just as they likely helped mammals outlive the dinosaurs, energy
conserving and threat reducing strategies such as torpor have
shaped the evolutionary history of Australian marsupials. Perhaps
this is why we see such diversity in small Australian marsupials,
and why they inhabit even inhospitable locales. We still have much
to learn about this fascinating mammalian trait, but one thing we
do know is that more small mammals that don’t employ torpor
have become extinct in Australia than those that do. So while these
snuggly little marsupials are doing plenty of napping, researchers
like us won’t rest until we discover exactly how torpor works to
protect mammals in times of need.
Fire is particularly hazardous for species that occupy tree hollows, such
as the yellow-footed antechinus. Small mammals like this may have
developed two strategies to help them fight fire: sinking into rocky
crevices, and going into torpor. Photo: Danny McCreadie

eat as much food as they wanted. The four treatments included:
(i) no food; (ii) no food and smoke; (iii) no food, smoke and a
sawdust substrate; and (iv) no food, smoke and a charcoal and
ash substrate. Unsurprisingly, these mammals increased torpor
use in response to the withdrawal of food. The addition of
smoke and a sawdust substrate elicited a similar response. What
was surprising, however, was the response to the addition of a
charcoal and ash substrate. Yellow-footed antechinuses didn’t
just increase torpor use when exposed to charcoal and ash, they
increased it by twice as much as seen in the other treatments – a
response never before observed.
Perhaps the presence of charcoal and ash signals to torpor-using
mammals that conditions are going to be dire for longer than a
day. The cue may be particularly beneficial in forest habitats –
where antechinuses typically reside — and understanding their
subsequent response could be crucial to increasing survival rates.
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