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Abstract The human thermoregulatory system relies
primarily on behavioural adaptation and secondarily on
autonomic and endocrine responses for thermal homeostasis. This is because autonomic and endocrine responses
have a limited capacity in preventing hyper/hypothermia in
extreme environments. Until recently, the neuroanatomy of
behavioural thermoregulation as well as the neuroanatomic
substrate of the various thermoregulatory behaviours
remained largely unknown. However, this situation has
changed in recent years as behavioural thermoregulation
has become a topic of considerable attention. The present
review evaluates the current knowledge on behavioural
thermoregulation in order to summarize the present stateof-the-art and to point towards future research directions.
Findings on the fundamental distinction between thermal
(dis)comfort and sensation are reviewed showing that the
former drives behaviour while the latter initiates autonomic
thermoregulation. Moreover, the thermosensitive neurons
and thermoeVector functions of behavioural thermoregulation are presented and analysed in a detailed discussion.
Keywords Thermal discomfort · Thermal sensation ·
Temperature · Conscious response · Heat ·
Psychophysical mechanism
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Introduction
Understanding the complex interactions amongst biological, psychological, and environmental factors in homoeothermic organisms represents the primary goal of
behavioural thermoregulatory research. In this light, this
area has served as a bridge between thermal physiology,
psychology, neurophysiology, and bioengineering. Since its
initial years, research on behavioural thermoregulation has
evolved from a primarily qualitative study of conscious
homoeothermic behaviour (Pieron 1913; Kleitman and
Doktorsky 1933) into a comprehensive science that combines observational methods with analytic techniques to
describe the complex behavioural mechanisms by which
homoeothermic thermoregulation is achieved (Gagge et al.
1967; Cabanac and Serres 1976; Caputa and Cabanac
1980). Following a phase of quasistasis, the Weld of behavioural thermoregulation is evolving yet again inXuenced by
advances in neurophysiology, biology, and thermal physiology and is acquiring a more fundamental theme that is
supported by advances in technology (Nagashima 2006;
Dimicco and Zaretsky 2007). This evolution is led by both
neuroscience reductionists as well as physiology integrationists who perform research by combining cognitive
psychology and thermobehavioural physiology with Welds
such as neurophysiology, molecular biology, biochemistry,
pharmacology, and genetics.
The neuroanatomy of behavioural thermoregulation as
well as the physiological basis of the various thermoregulatory behaviours remained largely unknown until a few
years ago. However, much progress has been recently
achieved as behavioural thermoregulation has become a
topic of considerable attention. Examples of this progress
include the seminal Wnding that behavioural thermoregulatory responses may not require an intact preoptic area and
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anterior hypothalamus [PO/AH (Mercer and Simon 2001;
Guest et al. 2007)] as well as the related discoveries of several cerebral loci involved in behavioural thermoregulation
including the insular, cingulate, primary and secondary
somatosensory, and orbitofrontal cortex (Craig et al. 1994;
Davis et al. 1998; Becerra et al. 1999; Sawamoto et al.
2000), the amygdala (Kanosue et al. 2002; Verhagen et al.
2004), as well as the dorsomedial hypothalamus (Dimicco
and Zaretsky 2007).
The recent attention directed at behavioural thermoregulation stems from the aforementioned evolution in this Weld
as well as the realization of its signiWcance in human thermoregulation. Indeed, thermal homeostasis in humans and
other homoeothermic organisms is based primarily on
behavioural and secondarily on autonomic and endocrine
mechanisms (Attia 1984). This is because the latter mechanisms have a Wnite capacity in preventing hyper/hypothermia, whereas behavioural thermoregulation is a very
powerful mechanism that relentlessly triggers conscious
decisions in order to preserve thermal balance when it is
possible (e.g., sun shade in a hot environment).
The present review evaluates the current knowledge on
behavioural thermoregulation in order to summarize the
present state-of-the-art and to point towards future research
directions. While some of the cited research involves
diVerent homoeothermic species, this review focuses on
mammalian behavioural thermoregulatory responses and
particularly those of humans. Thermosensation, including
general thermosensors (i.e., those implicated in autonomic,
endocrine and behavioural thermoregulatory responses) in
the brain and the periphery as well as thermosensitive
neurons that have been shown to play a speciWc role in
behavioural thermoregulation, is reviewed Wrst. Subsequent
sections review behavioural thermoregulation as a thermoeVector together with experiments investigating the functioning and eVectiveness of behaviour in maintaining the
organism’s thermal integrity.
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et al. 2002; Verhagen et al. 2004). These thermosensitive
brain areas have been recognized for more than a century as
key components of thermoregulation based on observations
from humans suVering brain damage and from the eVect of
experimental lesions in other mammalian models (Holmes
et al. 1960; Simon 1974).
Our knowledge of the peripheral mechanisms by which
we sense hot and cold temperatures has been recently
updated with the discovery that speciWc ion channels of the
transient receptor potential (TRP) family are participating
in thermosensation and are, direct or indirect, contributors
to thermoregulation (Guler et al. 2002; Fink 2005). The
mammalian TRP superfamily consists of approximately 30
channels that are divided into six subfamilies (Caterina
2007; Romanovsky 2007). A detailed discussion of the
nature and functioning of these proteins as endogenous
thermosensors is beyond the scope of this review and can
be found elsewhere (Romanovsky 2007), yet it is noteworthy that certain invertebrate TRP channels are involved in
the sensory process leading to thermal discomfort and, in
turn, behavioural thermoregulatory responses. Indeed, a
number of knockout mouse studies have conWrmed that the
TRP family V3 and V4 channels are active contributors in
nocifensive behaviour and in thermotaxis (Caterina et al.
2000; Davis et al. 2000; Guler et al. 2002; Liedtke and
Friedman 2003; Suzuki et al. 2003; Moqrich et al. 2005).
Three recent experiments also showed that the V8 channel
is actively involved in thermoregulation and that V8 knockout mice demonstrate a lack of preference for a comfortably
warm zone compared with a cool environment, yet they
retain the ability to avoid noxious cold (Bautista et al. 2007;
Colburn et al. 2007; Dhaka et al. 2007). The V8 channel
also appears to be involved in acute nocifensive reactions
to painful or uncomfortable stimuli (Bautista et al. 2007;
Colburn et al. 2007; Dhaka et al. 2007). However, much
remains to be learned regarding the involvement of speciWc
TRP channels in behavioural thermoregulation and in the
multitude of homoeothermic thermosensory functions.

Thermosensation
Distinction between thermal comfort and sensation
Thermoregulatory behaviour has been deWned as “an
attempt to avoid what humans call thermal discomfort or
displeasure and to obtain thermal pleasure” (Cabanac and
Serres 1976). Thermal constancy is restricted to the body’s
core, while tissues of the body’s shell vary in temperature
as blood Xow may be increased or decreased in order to
augment or limit thermal insulation. With respect to central
thermosensors, various behavioural thermoregulatory
responses have been reported during thermal stimulation in
the medulla oblongata, pons, midbrain (Holmes et al.
1960), the orbitofrontal, the insular, and the somatosensory
cortex (Craig et al. 1994) as well as the amygdala (Kanosue
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Human thermal comfort is deWned as the state of mind that
expresses satisfaction with the surrounding environment,
while thermal sensation is the perception of a given peripheral stimulus resulting from the stimulation of peripheral
and central thermosensors (ASHRAE 1997). In this light, it
has been observed that, irrespective of absolute body temperature, comfort levels improve in circumstances where
the environment allows the return of body temperature
towards a physiological ‘normal’ level but sensation levels
remain unchanged (Gagge et al. 1967). For instance, when
an individual reports as ‘hot/uncomfortable’ (i.e., thermal
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sensation/thermal comfort) and is subsequently cooled, skin
temperatures that are normally perceived as ‘cold/uncomfortable’ are sensed as ‘cold/comfortable’ (Gagge et al.
1967). Consequently, it has been postulated that thermal
discomfort drives behavioural thermoregulation, while
thermal sensation initiates autonomic thermoregulatory
responses (Gagge et al. 1967; Taylor et al. 1995). This is
supported by previous research showing that behavioural
thermoregulatory responses to alter ambient temperature
conditions are elicited only when thermal discomfort/
displeasure occurs (Taylor et al. 1995). Based on these
notions, it is worthwhile to explore the basis of thermal
discomfort.
Data presented thus far suggest that thermal discomfort
is aVected by the thermal status of the entire body (Attia
et al. 1980; Attia and Engel 1982; Kuno et al. 1987; Flouris
and Cheung 2008; Flouris 2009). For instance, as mentioned in the previous paragraph, similar levels of hand
warming in humans produce feelings of comfort and discomfort depending on whether the body is hypothermic or
hyperthermic (Gagge et al. 1967). Hence, a thermal stimulus is felt agreeable when it serves to minimize body heat
storage, and felt un-agreeable when it acts to increase body
heat storage. The term ‘alliesthesia’ has been proposed to
describe this concept of a given temperature stimulus producing pleasure or displeasure depending on the deep body
thermal state (Cabanac 1971). These notions allude to a
central control of thermal discomfort and, in turn, behavioural thermoregulation, suggesting that local thermal stimuli are integrated centrally and perceived as comfortable or
uncomfortable depending on the thermal status of the body.
The processing of aVerent signals for thermal (dis)comfort
is discussed in detail in the following paragraph.

Thermosensors involved in behavioural
thermoregulatory responses
Understanding the underlying psychophysical mechanism(s) that controls thermal discomfort and, in turn,
behavioural thermoregulation has been the objective of
many of experiments to date. Data from thermal stimulation experiments in rats suggested that diVerent thermoregulatory behaviours such as thermoregulatory grooming
(i.e., spreading saliva on the skin to increase evaporative
heat loss), relaxed postural extension, and locomotion use
distinct neural circuitries (Roberts 1988), while neurons in
the median preoptic nucleus are implicated in moving to a
reward zone during heat exposure to trigger a breeze of
cold air, at least during osmotic stimuli (Konishi et al.
2007).
An important distinction between thermal (dis)comfort
and sensation and, in turn, autonomic/endocrine and behav-
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ioural thermoregulatory responses is that the latter may not
require an intact PO/AH (Mercer and Simon 2001; Guest
et al. 2007). Indeed, the participation of non-PO/AH areas
in behavioural thermoregulation is supported by experiments using functional magnetic resonance imaging (fMRI)
or positron emission tomography demonstrating that several areas in the cerebral cortex are involved in behavioural
thermoregulatory signals (Craig et al. 1994; Guest et al.
2007). More speciWcally, neural activations in response to
non-noxious oral thermal stimuli have been found in the
orbitofrontal, the insular, and the somatosensory cortex
(Craig et al. 1994) as well as in the amygdala (Kanosue
et al. 2002; Verhagen et al. 2004) with diVerent neurons
having increasing, decreasing, or tuned responses as a function of body temperature. Notably, some of these neurons
are thermo-speciWc, while others combine thermal sensitivity with responses to taste, and/or oral texture (Kadohisa
et al. 2004; Verhagen et al. 2004; Kadohisa et al. 2005a;
Kadohisa et al. 2005b). A recent fMRI investigation
reported that activations of the mid-orbitofrontal and pregenual cingulate cortex as well as the ventral striatum correlate with subjective thermal (dis)comfort (Rolls et al.
2008). SpeciWcally, the (dis)comfort of thermal stimuli was
correlated with activations in the lateral and some more
anterior parts of the orbitofrontal cortex, while the intensity
of the thermal stimuli was correlated with activations in the
somatosensory cortex and ventral posterior insula (Rolls
et al. 2008). Based on these Wndings, the authors proposed
that the processing of thermal stimuli occurs in diVerent
brain areas depending on whether it is related to sensory
properties (such as their intensity) or to the aVective value
and associated subjective emotional experience (Rolls et al.
2008).
Relatively recent neurophysiological developments
revealed that neurons of the dorsomedial hypothalamic
nucleus and Wbres passing through the paraventricular
hypothalamic nucleus are involved in cold-seeking behaviour (Dimicco and Zaretsky 2007). Additional experiments
demonstrated that disinhibition of neurons in the dorsomedial hypothalamus by local microinjection of the GABAA
receptor antagonist bicuculline methiodide evokes a host of
behavioural, autonomic, and endocrine thermoregulatory
responses (Dimicco and Zaretsky 2007). It appears that
neurons in the dorsomedial hypothalamus activate premotor sympathetic neurons in the rostral raphe pallidus that are
involved in elevating body temperature, in cold defence,
and in fever (Dimicco and Zaretsky 2007). Based on these
Wndings it has been proposed that neurons in the dorsomedial hypothalamus play a vital role in a variety of thermoregulatory responses, including behaviour (Nagashima
2006; Dimicco and Zaretsky 2007). Indeed, it has been
known for some time that the dorsomedial hypothalamus is
involved in chemical signals related to food consumption
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Fig. 1 Neural thermosensation
centres involved in autonomic/
endocrine thermoregulation and
behavioural thermoregulation.
PO/AH, preoptic area, and
anterior hypothalamus

and ingestive behaviour both of which represent hypothalamic functions linked with thermoregulation (Hamilton
and Ciaccia 1971). For instance, leptin, a peptide involved
in feeding behaviour, raises body temperature in mice and
rats (Stehling et al. 1997) and is implicated in the human
behavioural, autonomic, and endocrine control of nycthemeral body temperature rhythm (Simon et al. 1998).
Administration of two other peptides, vasopressin and oxytocin, through intracerebroventricular injection induces
grooming behaviour, characteristic of heat loss (Drago
et al. 1997). The neural thermosensation centres involved in
autonomic/endocrine thermoregulation and behavioural
thermoregulation are illustrated in Fig. 1.
The notion of extra-PO/AH thermosensitivity has
received support from several experiments demonstrating
that behavioural thermoregulation is primarily regulated by
alterations in mean shell temperature (Cheng et al. 1995;
Grahn et al. 1998; Flouris et al. 2006b; Flouris et al. 2006c)
and that a rise in body temperature during exercise triggers
behavioural responses to lower work rate (Tucker et al.
2004, 2006). According to this notion, mean shell temperature may carry important information to the brain to
regulate exercise behaviour—and thus metabolic rate—
independently of core body temperature (Tucker et al.
2004, 2006). Indeed, it appears that thermal discomfort may
depend more on shell temperature signals from peripheral
thermosensors than core temperature signals from central
thermosensors (Romanovsky 2007). In contrast, deep core
body temperature is comparatively more important for eliciting autonomic and endocrine responses. This arrangement
mirrors the fact that behavioural responses are most often
prescient in that they are aimed at preventing an anticipated
thermal insult (Nagashima 2006; Cheung and Flouris
2009). On the other hand, autonomic and endocrine thermoregulatory responses are usually employed when body
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temperature starts to change because behavioural responses
were inadequate or could not be used due to conXicting
behavioural demands (Cheung and Flouris 2009).
Another line of evidence in favour of extra-PO/AH control of behavioural thermoregulation comes from hypoxia
experiments. Hypoxia has been shown to signiWcantly alter
the thermoregulatory behaviour in animals by lowering
their preferred ambient temperature (Hicks and Wood
1985; Gordon and Fogelson 1991; Gordon 1997). In
humans, however, the evidence is less straightforward.
Some (Johnston et al. 1996; Golja et al. 2004) but not all
(Golja and Mekjavic 2003; Malanda et al. 2008) human
studies have shown that hypoxia signiWcantly decreases the
sensation of cold in humans which, in turn, may predispose
individuals to cold injury in cold hypoxic environments by
interfering with temperature receptors. These Wndings mirror earlier evidence in primates that a local reduction in
oxygen supply either through arterial blood Xow to the skin
or via blood oxygenation diminishes the Wring rate of cutaneous cold receptors (Iggo and Paintal 1977). Hence,
hypoxia may attenuate aVerent thermal information through
a neural membrane function blockade since increasing levels of hypoxia result in serial shutdowns of the energyrequiring nerve cell functions, with synaptic transmission
failing Wrst (Astrup 1982). With further reductions in oxygen supply, nerve cell membranes become inept and, ultimately, as the cellular ATP stores become depleted, the
Na+/K+ATP-ase transport fails and the net ion current
through the cell membrane results in membrane depolarisation and complete loss of neural cell function (Astrup
1982). Since the hypoxia-induced synaptic transmission
blockade has been conWrmed in vivo (Findlater et al. 1987),
it is logical to suggest that the eVect of hypoxia on synaptic
transmission should be more potent in the most complex
polysynaptic circuits. Therefore, hypoxia should aVect the
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behavioural thermoregulatory pathway before any alteration of autonomic and endocrine thermoregulatory
responses would occur. However, further research is
required to fully elucidate the eVects of hypoxia in human
behavioural thermoregulation.
Within the aforementioned challenges, the majority of
the evidence presented to date suggests that thermal comfort/behavioural thermoregulation relies more on shell than
core temperatures (Frank et al. 1999). Moreover, recent
attempts to address the aforementioned limitations in
humans have used various paradigms whereby individuals
are given thermo-behavioural choices without knowing
they are being monitored (Flouris and Cheung 2008; Schlader et al. 2009). Results have shown that behaviour acts on
shell temperature alterations to prevent or ‘buVer’ changes
in core temperature (Schlader et al. 2009) as well as a general trend to cool the head in the heat and to maintain the
warmth of the abdomen in the cold, yet in a balanced fashion [i.e., cooling and/or heating other regions of the body
(Nakamura et al. 2008)] resulting in a stable mean body
temperature rather than a speciWc body region (Flouris et al.
2006a; Flouris and Cheung 2008). These Wndings suggest,
therefore, that the stimulus for thermal discomfort and, in
turn, behavioural thermoregulation is a change in mean
body temperature/body heat content, implicating peripheral
thermosensors as the primary thermal input for thermal
(dis)comfort/behavioural thermoregulation.

Behaviour as a thermoeVector
Given that autonomic and endocrine responses have a Wnite
capacity for preventing hyper/hypothermia, behavioural
thermoregulation is assiduously active as the primary thermoregulatory mechanism triggering conscious decisions in
order to preserve thermal homeostasis (Attia 1984). Simple
behavioural thermoregulatory responses found in a multitude of species include changes in orientation to the direction of the wind/sun, positional measures like curling up,
cuddling, and huddling in order to alter the surface/mass
ratio and, hence, the rate of heat exchange between the
organism and the environment, as well as search for sunny,
dry, warm, wind-sheltered environments, and avoidance of
dangerous/hostile environmental temperatures (Nakamura
et al. 2008). More complex behavioural thermoregulatory
responses include building a nest, spreading saliva on the
skin to increase evaporative heat loss (i.e., grooming), the
creation and application of clothing, or, simply, turning on
or oV the air conditioner. Furthermore, primary alterations
of food consumption behaviour can signiWcantly alter body
temperature and are, thus, considered behavioural thermoregulatory responses (Riddell 2008). For instance, it has
been shown that food intake increases in the cold in order to
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increase metabolic rate and compensate for the excessive
heat loss in order to maintain body temperature homeostasis (Szekely and Szelenyi 2005). At the other end of the
spectrum, febrile illnesses, seen as principally thermoregulatory phenomena, are accompanied by anorexia (Szekely
and Szelenyi 2005). Unfortunately, the physiology of this
behaviourally based regulation remains to be elucidated.
Behavioural thermoeVector responses have been
employed as the basis of many bioengineering applications
including ‘smart’ buildings (Cena and de Dear 2001) and
microclimate liquid conditioning systems worn underneath
protective clothing (Flouris and Cheung 2006). Yet, the
eYcacy of these applications is limited as our knowledge
on the underlying psychophysical mechanism(s) controlling thermal (dis)comfort remains incomplete. Possible reasons for this may be the lack of appropriate techniques to
measure directly thermal comfort and/or sensation in animals and humans as well as the complexity in the body’s
responses to diVerent stimuli and the diYculty to explicitly
identify behavioural thermoregulation and isolate it from
other systems within the body, as well as from external
dynamics (Flouris and Cheung 2008; Nakamura et al.
2008). It is also important to note that thermal (dis)comfort
may be signiWcantly altered by the environment leading to
variations between perceptual and physiological strain
which may result in inappropriate behavioural thermoregulatory responses (Cheung and Mekjavic 1995). Moreover,
speciWc non-thermal factors interfere with neural information at one or more levels of behavioural thermoregulation.
For instance, research has shown that ageing (Collins et al.
1977; Collins and Exton-Smith 1983; Collins et al. 1985),
hypoglycaemia (Passias et al. 1996), inert-gas narcosis
(Pertwee et al. 1986; Cheung and Mekjavic 1995; Mekjavic
et al. 1995), as well as physical condition (Tikuisis et al.
2002) can alter thermal (dis)comfort.
The debate regarding the psychophysical mechanism(s)
controlling thermoregulation is, probably, at its peak when
exercise in the heat is considered. The human capacity to
perform prolonged exercise is clearly impaired in high
ambient temperatures (Roelands et al. 2008). The classical—and most widely accepted—‘cardiovascular/anaerobic
model’ view holds that the heart’s pumping capacity is the
factor limiting eVort during exercise in the heat (BrinkElfegoun et al. 2007). In contrast, the ‘central governor
model’ argues that humans circumvent the physiological
impact of exercise-induced hyperthermia through feedforward and feedback voluntary control of eVort at the start or
during heat stress (Noakes and Marino 2009). In this context, fatigue is viewed as a conscious or unconscious
behavioural command to lower or cease work rate in order
to prevent the body from reaching a thermal point of nearcollapse (Noakes and Marino 2009). The issue whether
fatigue development during exercise in the heat is based on

123

6

circulatory limitations or behavioural commands is currently under discussion (Brink-Elfegoun et al. 2007;
Noakes and Marino 2009), and diVerent opinions have been
expressed on the merits and the weaknesses of the ‘cardiovascular/anaerobic’ and the ‘central governor’ hypotheses
(Brink-Elfegoun et al. 2007; Cheung and Flouris 2009;
Noakes and Marino 2009). The majority of the published
data thus far suggest that the ‘central governor’ hypothesis
is supported mainly in the original papers that proposed it.
From a philosophical standpoint, it is possible that the two
measures of control can harmoniously coexist within a system, the ‘central governor’ being a prescient behavioural
mechanism preventing imminent myocardial ischaemia by
limiting peripheral blood Xow, and the ‘cardiovascular/
anaerobic model’ being a safety measure employed when
behavioural means are insuYcient. This arrangement Wts
precisely the organization of the homoeothermic thermoregulatory system with behavioural responses, depending
on shell temperature signals from peripheral thermosensors,
deployed to prevent anticipated thermal insults (Flouris and
Cheung 2008), while autonomic and endocrine responses,
based more on core temperature signals from central thermosensors, employed when body temperature changes
because behavioural responses were inadequate or could
not be used due to conXicting behavioural demands
(Romanovsky 2007). However, this integrated model is,
most likely, incomplete because it eliminates the possibility
of healthy adults exercising themselves into a state of heat
stroke. Unfortunately, exertional heat illness and death
among exercising individuals continue to surface during
exposure to hot environments while heat stroke is a leading
cause of death in athletes, second only to head and spinal
injuries (Ficarra 1996). These notions exemplify the need
for further research and, possibly, debate in order to
increase our understanding of the psychophysical mechanism(s) controlling thermoregulation during exercise in the
heat.

Concluding remarks
A review of the germane literature shows that in recent
years there has been remarkable progress in the area of
behavioural thermoregulation with basic and applied experiments providing novel evidence on the underlying psychophysical mechanism(s) controlling human behavioural
thermoregulation. Prominent new insights include the
important distinction between autonomic/endocrine and
behavioural thermoregulatory responses whereby the latter
do not require an intact PO/AH (Mercer and Simon 2001;
Guest et al. 2007) and the relevant discoveries of several
cerebral loci involved in behavioural thermoregulation
including the insular, cingulate, primary and secondary
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somatosensory, and orbitofrontal cortex (Craig et al. 1994;
Davis et al. 1998; Becerra et al. 1999; Sawamoto et al.
2000), the amygdala (Kanosue et al. 2002; Verhagen et al.
2004), as well as the dorsomedial hypothalamus (Dimicco
and Zaretsky 2007). These Wndings are supported by integrated experiments providing strong evidence for the
involvement of peripheral thermosensitivity in thermal
(dis)comfort and the role of shell (Cheng et al. 1995; Grahn
et al. 1998; Schlader et al. 2009) and mean body (Tucker
et al. 2004, 2006; Flouris et al. 2006a, 2007; Flouris and
Cheung 2008) temperature in behavioural thermoregulatory
responses. Based on this evidence, it can be postulated that
behavioural thermoregulation is based on extra-PO/AH
cerebral integration of signals originating primarily from
peripheral shell thermosensors and acts to maintain mean
body temperature.
Notwithstanding the recent attention on behavioural
thermoregulation and the excitement for the new discoveries in this area, we remain largely naive to the principles
governing the psychophysical mechanism(s) of human
thermoregulation. Many pertinent questions remain unanswered including the role of individual ion TRP channels in
the control of diVerent behavioural thermoeVectors, the
aVerent and eVerent neural circuits of behavioural thermoregulatory reactions, and the neuroanatomy of behavioural
thermoregulation, as well as the psychophysical mechanism(s) controlling thermoregulation during exercise in the
heat. These include potential avenues of future research
which will increase our knowledge on the principles that
govern behavioural thermoregulation.
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