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Many Australian marsupials are threatened species. In order to manage in situ and ex situ populations effectively, it is impor-
tant to understand how marsupials respond to threats. Stress physiology (the study of the response of animals to challenging
stimuli), a key approach in conservation physiology, can be used to characterize the physiological response of wildlife to
threats. We reviewed the literature on the measurement of glucocorticoids (GCs), endocrine indicators of stress, in order to
understand the stress response to conservation-relevant stressors in Australian marsupials and identified 29 studies. These
studies employed a range of methods to measure GCs, with faecal glucocorticoid metabolite enzyme immunoassay being the
most common method. The main stressors considered in studies of marsupials were capture and handling. To date, the ben-
efits of stress physiology have yet to be harnessed fully in marsupial conservation. Despite a theoretical base dating back to
the 1960s, GCs have only been used to understand how 21 of the 142 extant species of Australian marsupial respond to stress-
ors. These studies include merely six of the 60 marsupial species of conservation concern (IUCN Near Threatened to Critically
Endangered). Furthermore, the fitness consequences of stress for Australian marsupials are rarely examined. Individual and
species differences in the physiological stress response also require further investigation, because significant species-specific
variations in GC levels in response to stressors can shed light on why some individuals or species are more vulnerable to stress
factors while others appear more resilient. This review summarizes trends, knowledge gaps and future research directions for
stress physiology research in Australian marsupial conservation.
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Introduction

reason, the field of wildlife stress physiology is increasingly
being recognized as an integral component of conservation

Characterization of the stress response of animals, the phys-
iological reaction to challenging stimuli, is essential to con-
servation because these processes underpin how wildlife
responds to environmental change (Reeder and Kramer,
20035; Killen et al., 2013; Madliger and Love, 2014). For this

physiology (Cooke et al., 2013; Kersey and Dehnhard, 2014)
and a key approach to improve wildlife welfare and manage-
ment in situ and ex situ (Monfort, 2003; Bradshaw, 2010;
Cooke et al., 2013). However, stress physiology remains an
underused approach in Australian marsupial conservation.
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An extensive body of literature highlights the complex
roles of the stress endocrine system in the physiological
responses of wildlife to stressors. Stress can be stimulatory
(optimizing physiological systems for action), preparative
(priming systems for action) or inhibitory (especially chronic
stress, which can cause permanent dysfunction of the endo-
crine stress response and lead to suppression of functions such
as reproduction; Narayan and Hero, 2014a, 2014b). The
stress response is a complex and vital physiological mecha-
nism that enables individuals to cope with stressful situations
(Munck and Naray-Fejes-Toth, 1994; Sapolsky et al., 2000).
The complexities and importance of stress physiology have
been recognized in many mammalian taxa (see reviews:
marine mammals, Fair and Becker, 2000; carnivores, Young
et al., 2004; felids, Brown, 2006; primates, Muehlenbein,
2009) as well as birds (Palme et al., 2005), amphibians (Gabor
et al., 2013; Narayan, 2013) and fish (Iwama ez al., 2011;
Baker et al., 2013). However, in comparison to other taxa,
relatively little is known about the response of Australian
marsupials to conservation-relevant stressors and the conser-
vation implications of the marsupial stress response.

Stress physiology in Australian marsupials is of particular
interest owing to their conservation status, evolutionary impor-
tance and unique physiological characteristics. Over 40% of the
142 (60 of 142) extant Australian marsupial species are of con-
servation concern (Kennedy, 1992). Marsupials also occupy a
unique evolutionary niche (Armati et al., 2006). Thus, investiga-
tion of how marsupials respond to stressors can provide further
insights into the evolution of the physiological stress response,
an area of ongoing scrutiny in evolutionary ecology (Boonstra,
2013). Australian marsupials are the most diverse extant marsu-
pial radiation (Johnson, 2006) and possess many unique physi-
ological characteristics, such as adaptations to specific climatic
envelopes (Bradshaw, 1983), which may facilitate distinct phys-
iological stress responses. Stress physiology is also a neglected
area of research in marsupials from the Americas; however, for
the purposes of identifying trends relevant to Australian marsu-
pial conservation, this review focuses on the Australian context.

Marsupials are exposed to a suite of potential stress fac-
tors (McEwen, 2005; Bradshaw, 2010), such as habitat loss
and increased predation pressure (Claridge et al., 2007).
These factors have contributed to nationwide decline and
extinction of native species (Johnson, 2006). In order to man-
age and conserve marsupials into the future, it is crucial to
characterize their physiological response to stress factors
(Narayan et al., 2013). Understanding responses to extrinsic
(environmental) stressors is particularly important, because
these types of factors have been found largely to determine
extinction risk among Australian marsupials (Fisher et al.,
2003). Insights into marsupial stress physiology may also
improve outcomes for injured and orphaned marsupials,
because stress has been implicated as a major challenge to
their successful care and survival (Jackson, 2007).

The aim of this review is to identify how stress physiology
can be applied to the conservation of Australian marsupials.
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The stress physiology literature was examined to find studies
on the stress response of marsupials to conservation-relevant
stressors and those which highlighted the consequences of
stress in marsupials. We surveyed the literature in view of three
key questions. (i) What stress parameters and methods have
been used for glucocorticoid quantification in marsupials?
(i)) How have these tools been applied to identify significant
stressors relevant to marsupial conservation? (iii) What are the
significant knowledge gaps that require future research? We
sought to evaluate whether stress physiology can be used to
identify risk factors, aid management and improve conserva-
tion outcomes for threatened species of Australian marsupials.

The physiological stress response

The stress response involves the production of neuroendocrine
mediators (adrenaline, noradrenaline and glucocorticoids) and
is essential to maintain allostasis (homeostasis through change)
during exposure to a stressor (McEwen, 2005; Wikelski and
Cooke, 2006). The hypothalamic—pituitary—adrenal (HPA) axis,
the neuroendocrine pathway underpinning the physiological
stress response, is highly conserved across vertebrates, including
eutherian mammals, marsupials and monotremes (McDonald,
1977; Nesse and Young, 2007). Several texts (Downs, 1980;
Moberg and Mench, 2000) and reviews have outlined the HPA
axis in detail (e.g. Reeder and Kramer, 2005; Sheriff e al.,
2011). In summary, the HPA axis operates as a negative feed-
back system. Secretion of corticotrophin-releasing hormone
from the hypothalamus stimulates release of adrenocorti-
cotrophic hormone (ACTH) from the pituitary gland.
Adrenocorticotrophic hormone promotes the release of many
neuroendocrine mediators (Moberg and Mench, 2000), includ-
ing the focus of this review, glucocorticoids (GCs) from the adre-
nal cortex (Mostl and Palme, 2002). The GCs (mainly cortisol
and/or corticosterone) have complex interactions with virtually
all biological processes (McLaren et al., 2007). As for eutherian
mammals, GCs in marsupials are known to regulate a suite of
biological processes from protein, carbohydrate and fat metabo-
lism (Bradley and Stoddart, 1990) to essential renal (McDonald
and Bradshaw, 1993), neurological (McAllan, 2006), cardiore-
spiratory and reproductive functions (Shaw ez al., 1996).
Ultimately, GCs influence wildlife health, fitness and survival
(Jessop et al., 2013).

The HPA axis of marsupials shares many similarities with
that of eutherian mammals (Hume et al., 1989; Booth et al.,
1990). However, there are several unique characteristics
which may constitute evolutionary adaptations to stressors
that marsupials face in harsh habitats (McDonald, 1977). For
example, in some macropod species, such as quokka (Setonix
brachyurus), GCs appear to lack diabetogenic and nitrogen-
mobilizing actions (Bradshaw, 1983; McDonald and
Bradshaw, 1993). Early studies involving the removal of both
adrenal glands (bilateral adrenalectomy) concluded that mar-
supials may be less dependent on the HPA axis for survival
compared with eutherian mammals, because marsupials
appeared to survive for longer periods post-adrenalectomy
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(McDonald, 1977). Early reports also mention that marsupials
exhibit low levels of circulating GCs compared with eutherian
mammals (Weiss e al., 1979) and have low sensitivity to an
exogenous ACTH stimulation test (McDonald, 1977; Weiss
et al., 1979). However, more recent studies have readily dem-
onstrated a GC response to an ACTH stimulation test as part
of the validation of non-invasive GC assays (Hogan ef al.,
2012; Narayan et al., 2013).

Research on the physiological stress
response in marsupials

There are several methods for measuring stress in wildlife
(Sheriff et al., 2011). We have focused on GCs as physiologi-
cal measures of stress because they provide a mechanistic
understanding of the physiological stress response (Cooke
et al., 2013). The other major group of hormones released in
the stress response are catecholamines (adrenaline and nor-
adrenaline). However, it is difficult to measure catecholamines
in wildlife because they are released almost instantaneously
when a stressor is encountered and have a very short half-life
of <30s in the circulation (Medeiros and Wildman, 2013).
Little is known about the excretion of catecholamines, and
the known metabolites are unstable (Palme et al., 2005).
Therefore, catecholamines are infrequently applied to evalu-
ate the stress response in wildlife (Stoddart and Bradley, 1991;
Dehnhard, 2007). Behavioural and haematological parame-
ters are also used as measures of stress in wildlife. However,
they can vary widely among individuals and lead to inconsis-
tent results (McKenzie ef al., 2004; Young and Deane, 2006).
Particularly in the case of behavioural parameters, the under-
lying neuroendocrine stress response can occur in the absence
of significant behavioural changes (Hogan et al., 2011). In
contrast, GCs mediate many of the consequences of stress for
health, reproduction and survival (Cockrem, 2005; Reeder
and Kramer, 2005). Glucocorticoids are also increasingly
acknowledged as practical endocrine indicators of stress in
many species and are currently being integrated into wildlife
conservation worldwide (Mostl and Palme, 2002; Palme
et al., 20085; Sheriff et al., 2011).

Endocrinology has undergone a revolution since Chester
Jones et al. (1964) carried out the first study on GCs in
Australian marsupials by collecting adrenal venous blood
from brushtail possums (Trichosurus vulpecula). While inva-
sive terminal sample collection was commonplace in the
1960s and 1970s and post-mortem sampling continues to be
informative (e.g. Oates et al., 2007), these methods are not
always practical or ethical, particularly if studying cryptic and
endangered species. In the last 20 years, minimally invasive
sampling has become more widely practised (Kersey and
Dehnhard, 2014). Innovative minimally invasive techniques
to measure GCs and their metabolites have been broadly

applied to identify stressors to wildlife (Sheriff ez al., 2011).
Assays have been validated for use in various wildlife species
to allow GCs to be quantified in blood, faeces, hair (Sheriff
et al., 2011), urine (e.g. Narayan, 2013) and even water
(Gabor et al., 2013).

Assays in marsupials initially relied on chromatographic
techniques (Chester Jones et al., 1964; Weiss and McDonald,
1966), but now radioimmunoassays (RIAs) and enzyme
immunoassays (EIAs) are used, with EIAs having the advan-
tage of lower resource costs, versatile equipment and lack of
radioactive materials (Sheriff ef al., 2011). These assays have
been employed in studies of Australian marsupials, including
EIA (e.g. Narayan et al., 2013) and RIA for faecal glucocor-
ticoid metabolites (FGM; Oates et al., 2007), EIA for plasma
GC (e.g. Baker and Gemmell, 1999) and EIA for GC in hair
(Brearley ez al., 2012). The FGM EIAs are the most common
method used in studies of Australian marsupials (Fig. 1).

Key factors to consider when integrating stress physiology
into marsupial conservation include considering what is to be
measured, standardized protocols and validation (Mostl and
Palme, 2002; Sheriff e al., 2011). Firstly, if measuring GC
in the circulation, it is important to consider that blood
should be collected within 2-3 min of capture (Romero and
Reed, 2005). This is rarely possible in marsupial field studies,
because trapping and handling cryptic, sparsely distributed,
often nocturnal marsupials with minimal resources in chal-
lenging terrain is not conducive to immediate collection.
Hence, measuring FGM has proved to be a popular method.
Recent research has explored the relative value of FGM anal-
ysis on fresh vs. older samples (by quantifying decay rates of
FGMs; Evans et al., 2013). Metabolites of GCs appear to be
relatively stable in bilby faeces for up to 19 days (Evans ez al.,
2013). However, as a precaution this validation needs to be
done for each species owing to species specificity in decay
rates of FGMs (Evans et al., 2013).

It is critical that assays have been validated in the labora-
tory as well as physiologically (see reviews: Mostl and Palme,
2002; Millspaugh and Washburn, 2004; Touma and Palme,
20055 Sheriff et al., 2011). For example, the ACTH stimula-
tion test is a widely accepted method of biological validation
because it demonstrates the cause-and-effect relationship
between HPA axis activation and minimally invasive GC mea-
surements. The ACTH stimulation test has been carried out to
validate chromatography for plasma GC in Tasmanian devils
(Weiss and Richards, 1971), quolls (Weiss and Richards,
1971), phascogales (Bradley, 1990) and quokkas (Bradshaw,
1983) and also to validate FGM EIAs in bandicoots (Dowle
et al., 2012), numbats (Hogan et al., 2012), koalas (Narayan
et al., 2013b; Davies et al., 2013a), bilbies (Narayan et al.,
2012) and wombats (Hogan et al., 2011).

Interpretation of different parameters and assays
should also be considered carefully. A range of potential
methodological [e.g. sample collection, storage and extraction
procedures, fraction of glucocorticoid measured, i.e. total,
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Figure 1: Stress parameters and methods used in marsupials. The most commonly measured stress parameter in marsupials are faecal
glucocorticoid metabolites (FGM) using enzyme-immunoassays (EIAs; 33%). Radio-immunoassays (RIAs) and chromatography were also popular

methods to measure plasma glucocorticoids.

free, plasma corticosteroid-binding globulin (CBG) bound or
albumin bound] and biological confounders (e.g. diurnal or
seasonal fluctuations, reproduction, diet, pain and exercise)
need also be considered when interpreting results and man-
agement implications (Millspaugh and Washburn, 2004;
Palme, 20035; Lane, 2006; Evans et al., 2013). The GC frac-
tion measured is also noteworthy. For example, if the assay
measures total cortisol, an increase in free cortisol may occur
without an increase in total cortisol, depending on the rate of
steroid metabolism (Hajduk ez al., 1992). Assays may mea-
sure non-protein-bound or free levels of the steroid. In circu-
lation, GC can be bound to CBG, and CBG levels have been
measured in marsupials to elucidate the amount of free vs.
bound cortisol (Schmidt ez al., 2006). Free GCs are biologi-
cally active, but bound GCs may also exert their effect on
cells via receptors for bound GCs (Sheriff et al., 2011). The
identity of the primary GC is important to consider because
it too can differ between marsupial species (Oddie er al.,
1976).

As GC play a vital role in regulating metabolism, activity,
reproduction and response to environmental challenges
(Boonstra, 2013), fluctuations in GCs occur normally.
Glucocorticoids can vary with diurnal rhythms (Than and
McDonald, 1973; Allen and Bradshaw, 1980), reproductive
status (Narayan ef al., 2013b) and season (Humphreys
et al., 1984; Bradley and Stoddart, 1992). For example,
diurnal variations in GC have been documented in brushtail
possums (Than and McDonald, 1973) and koala (Johnston

et al., 2013), and significant differences in FGM were noted
between lactating and non-lactating female koalas (Narayan
et al., 2013). Seasonal variations in GCs have also been
recorded in sugar gliders (Bradley and Stoddart, 1992) and
scaly-tailed possums (Wyulda squamicaudata; Humphreys
et al., 1984). Such naturally occurring variation in GCs
should be considered in order to avoid misinterpreting a
normal GC fluctuation as a significant physiological
response to a stressor. Study design and analyses must also
acknowledge and try to account for these variables (Lane,
2006). Considering methodological and biological factors
when designing minimally invasive GC methods will aid
the incorporation of stress physiology into marsupial
conservation.

Identification of significant stressors
to marsupials

A range of broad categories of stress factors have been identi-
fied in the marsupial stress physiology literature, including
habitat loss and fragmentation, captivity, translocation and
climate. It must be noted that each of these ultimate stress
factors (root causes) may entail a number of potential proxi-
mate (immediate) factors. For example, habitat loss and frag-
mentation are associated with proximate factors including
nutritional stress (Chapman et al., 2007), altered social con-
tact rates (Gillespie ef al., 2005) and changing patterns of
parasite infection (Gillespie et al., 2005; Fig. 2). Assessing the
stress response of marsupials to these factors will allow
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Figure 2: Ultimate and proximate stressors to marsupials.

mitigation of stressors which may have a detrimental effect
on health, welfare and fitness and thereby increase conserva-
tion success.

Habitat loss and fragmentation

Habitat loss and fragmentation have a severe impact on
wildlife population viability and the persistence of endan-
gered species (McCallum and Dobson, 2002; Acevedo-
Whitehouse and Duffus, 2009). Stress could be a
consequence and could contribute to species decline in frag-
mented habitat (Brearley et al., 2012; Johnstone et al.,
2012). Habitat loss and fragmentation may act as stressors
through proximate mechanisms, such as reduced resource
availability, increased competition, altered behaviour and
social and disease stressors associated with changes in pop-
ulation density (Mbora and McPeek, 2009; Brearley et al.,
2013). Marsupials tend to experience greater physiological
stress at higher densities compared with lower densities as
measured by plasma GC (Thomas, 1990; Johnstone et al.,
2012). Northern quolls may be an exception, with no asso-
ciation found between plasma GC and the population den-
sity of quolls in the Kimberley region of Western Australia
(Schmitt et al., 1989).

Habitat fragmentation may also increase stress through
the creation of more habitat edges. Squirrel gliders (Petaurus
norfolcensis) living in edge habitats exhibited significantly
higher cortisol compared with counterparts in interior habi-
tats, as measured by GC metabolites in hair (Brearley ez al.,
2012, 2013). Long-nosed bandicoots (Perameles nasuta), in
contrast, had similar FGM concentrations in National Parks

Habitat loss &

f . Translocation
ragmentation

Captivity

(continuous habitat) and suburban backyards (fragmented
habitat; Dowle er al., 2012), although other concurrent
stressors pertaining to urban and wild locations may also
explain these differences. Differences in physiological stress
between marsupials in fragmented compared with continu-
ous habitat may also underlie differences in immunocompe-
tence and infection patterns (Johnstone et al., 2012).

Captivity

Many species of marsupial are dependent on human care in
zoos, wildlife parks and rehabilitation facilities (Kennedy,
1992). Numerous conservation programmes rely on captive
breeding to supplement wild populations (Fa ez al., 2011). In
order to maximize conservation outcomes and animal wel-
fare, it is imperative to understand how marsupials respond
to potential stressors in captivity. The captive environment
may entail a range of potential biotic and abiotic stressors
that they would not otherwise face in their native habitat,
such as frequent human contact, abnormal social grouping,
confinement, inability to exhibit natural behaviours, artificial
light, alien odours and artificial substrates (Morgan and
Tromborg, 2007). To an extent, captivity can also alleviate
potential stressors, such as resource limitations, exposure to
climatic extremes, disease and predators (Wielebnowski,
2003). Few studies have investigated the stress physiology of
marsupials in relationship to captivity, but stressors identified
to date include social isolation (McKenzie and Deane, 2005),
social status (Stoddart and Bradley, 1991) and capture and
handling (Narayan et al., 2013). Health-related concerns,
such as arthritis, dental disease, upper respiratory tract infec-
tions and associated veterinary procedures have also been
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found to be associated with increased mean FGM concentra-
tions in captive bilbies (Macrotis lagotis; Narayan et al.,
2012).

Using FGM, Hogan et al. (2012) investigated the response
of captive numbats (Myrmecobius fasciatus) to 20 key stress-
ors classified in several categories: conspecific interactions
(such as introduction or separation of animals), environment
(such as rain and extreme temperatures), handling and health
(including injuries, veterinary procedures and dietary
changes) and anthropogenic disturbances (such as events and
maintenance activities). Handling, conspecific interactions
and health-related factors were found to elicit a significant
physiological stress response, but interestingly, anthropo-
genic disturbances less so (Hogan ez al., 2012). The lack of a
statistically significant response to anthropogenic distur-
bances does not necessarily indicate that these factors did not
affect captive numbats (Hogan et al., 2012). Indeed, with
regular exposure, the animals may have habituated to anthro-
pogenic disturbances (Bejder ez al., 2009).

Captivity can also alter or provide abnormal social group-
ings, leading to social stress. Stoddart and Bradley (1991)
investigated social status and stress in captive male sugar
gliders (Petaurus breviceps). The odour of a dominant male
from another group elicited an increase in plasma GCs,
whereas no changes in these stress parameters occurred with
exposure to odour from a castrated male or a female (Stoddart
and Bradley, 1991). These insights provide valuable informa-
tion for the management of social groups in captivity.

While non-gregarious marsupials, such as numbats and
sugar gliders, may experience stress associated with interac-
tion with conspecifics, social marsupials may be stressed by
social isolation. When tammar wallabies (Macropus eugenii),
which are social marsupials that live in groups, were moved
into captivity and isolated they exhibited a physiological
stress response measured as an increase in FGM (McKenzie
and Deane, 2005). As it was not possible to identify faecal
samples individually from group-housed wallabies, compari-
sons between isolated and group-housed animals could not
be made (McKenzie and Deane, 2005). Stress associated with
social isolation is well characterized in other social mammals,
including laboratory rodents (Weiss et al., 2004), livestock
(Carbajal and Orihuela, 2001) and primates (Sapolsky et al.,
1997). However, there appears to be a lack of studies on the
impact of psychological stressors, including social stressors,
on marsupials in captivity despite many marsupials (includ-
ing many social macropod species) commonly being kept in
zoos and wildlife parks.

Wildlife in captivity provide surrogate study specimens due
to the logistical difficulties of working with free-ranging pop-
ulations. Hence, a greater understanding of how Australian
marsupials respond to captivity will aid the interpretation of
results from experiments which use captive animals.
Furthermore, measuring and monitoring stress in captive
marsupials will improve conservation outcomes, particularly
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as the future of many endangered Australian marsupials relies
on captive insurance populations.

Capture and handling

Capture and handling are relatively well-characterized stress-
ors in aquaculture species (Baker et al., 2013) and eutherian
mammals, particularly laboratory animals and livestock
(Grandin, 2007). A small number of studies have suggested
that handling also elicits a stress response in both captive and
wild-caught marsupials. Physiological indices, plasma GC
and FGM indicate an acute stress response to handling in
some species, including koalas (Phascolarctos cinereus;
Hajduk ez al., 1992; Narayan et al., 2013), numbats (Hogan
et al., 2012) and wombats (Lasiorhinus latifrons; Hogan
etal,2011).

Behavioural reactions to capture and handling cannot
always be accurate indicators of physiological stress. The
behavioural reactions of captive wombats wane with regular
handling, but increasing levels of FGM indicate that their
physiological stress response does not diminish (Hogan et al.,
2011). This suggests learned helplessness, where the animal is
in a state of stress but stops displaying associated behaviours
because the stressor has continued (Hogan ef al., 2011).
These results highlight the need for physiological measures of
stress in addition to behavioural measures. Capture and han-
dling are common in marsupial management, and the physi-
ological stress response to these procedures has been shown
to have consequences for health and survival in wildlife
(Baker et al., 2013). Faecal glucocorticoid metabolites can be
used to investigate the impact of capture and handling stress
in marsupial conservation and develop ways in which this
stress could be managed.

Climate

Physiological stress associated with climatic factors such as
extremes of temperature have been well documented in other
mammalian species since the birth of the concept of stress
(Selye, 1936). However, perhaps because it has been assumed
that marsupials possess adaptations to harsh conditions
(McDonald, 1977; Claridge et al., 2007), there is little
research into the adrenocortical stress response of marsupials
to climatic extremes. Evaluating the response of marsupials
to climate change using GCs will provide important informa-
tion about how climate change may affect a wide range of
biological functions. This approach will allow key stressors
associated with climate change to be identified and predic-
tions to be made about the impact of these stressors under
different climate change scenarios.

King and Bradshaw (2010) characterized the physiological
response of the critically endangered Barrow Island Euro
(Macropus robustus isabellinus) to prolonged drought and
associated factors, such as nutritional stress and lack of
water, spanning 8 months during 1993-94. Euros exhibited
increased plasma GCs and haematological changes, namely
decreased eosinophils (Bradshaw, 2010; King and Bradshaw,
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2010). These results suggested down-regulation or redistri-
bution of the T-helper 2 arm of the immune system, which is
responsible for defence against macroparasites (Ezenwa
et al., 2010; King and Bradshaw, 2010). The study suggested
that immune function of the Euro might have been sup-
pressed as a result of elevated corticosteroids. Thus, although
marsupials possess many unique physiological adaptations,
they are not immune to the impact of climatic stressors.

The lack of attention given to the adrenocortical response
of marsupials to climatic factors is of concern, because stress-
ors related to climate change are a significant threat to global
biodiversity (Geyer et al., 2011). Climate can affect marsu-
pial health; for example, seasonal debility has been recorded
in quokka in association with elevated plasma cortisol,
weight loss, dehydration, parasite and bacterial infection
(Miller and Bradshaw, 1979). Furthermore, climate change
can influence the occurrence and distribution of wildlife pop-
ulations (Loyola et al., 2012; Haby et al., 2013). Indeed, cli-
mate change has been suggested as a contributory factor in
past, present and future range contractions and local extinc-
tions of Australian marsupials, including northern bettongs
(Bettongia tropica; Abell et al., 2006; Bateman et al., 2012),
koalas (Adams-Hosking et al., 2011) and quokkas (Gibson,
2001). Recent studies by Davies ez al. (2013b, 2014) in koa-
las in south-west Queensland have found higher FGM in
koalas at the arid edge of their range, particularly during
drought and during winter. Their results suggested that koa-
las may be struggling to cope at the periphery of their range,
and this may be exacerbated by variations in dietary compo-
sition with ongoing climate change (Davies et al., 2013b,
2014). Investigations into the effects of climate change on
wildlife, such as range contractions or (in some cases)

Key

Stressors

expansions, are often approached from the standpoint of
how climate change alters the ecology of the system (Thomas
et al., 2004), but associations between climate change and
wildlife stress physiology remain an important area for fur-
ther investigation (Wikelski and Cooke, 2006).

What are the significant research gaps that
require attention to strengthen Australian
marsupial conservation?

Stress physiology is rarely applied to Australian marsupial
conservation despite being long recognized as an important
area of research in mammology and comparative endocrinol-
ogy (McDonald, 1977), veterinary and human medicine (as
models for disease and the evolution of physiological sys-
tems; Stein-Behrens and Sapolsky, 1992; Baudinette and
Skinner, 2001). Major knowledge gaps remain, including a
lack of studies focusing on marsupials of conservation con-
cern and the need for investigations into the consequences of
stress in marsupials (Fig. 3). In addition, reports spanning
decades suggest that stress is also a major challenge to the
rearing and rehabilitation of sick, injured and orphaned mar-
supials (Jackson, 2007). However, there appears to be a lack
of published systematic investigations of stress physiology of
marsupials in wildlife care. Young macropods are reported to
be particularly vulnerable to mortality associated with dys-
function of the stress response (Hopwood and King, 1972).
Hence, future insights into stress physiology in marsupials
can facilitate improvements to in situ and ex situ manage-
ment of marsupials.

In our view, based on the synthesis of current knowledge
available on marsupial conservation, priority areas for stress

Implications for ex situ conservation
« Animal husbandry
« Biosecurity and disease control

« Captive breeding success

« Capture and handling protocols

« Curatorship and population management
« Translocation protocols

« Veterinary care

Implications for in situ conservation
« Capture and handling protocols
« Population density

« Population health and fitness
« Population management

« Population recovery

« Population viability

« Species abundance

« Species climate envelope

« Species range and distribution

Figure 3: Key stressors to Australian marsupials documented in the literature and potential implications for in situ and ex situ conservation

efforts.
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physiology research in endangered marsupials include assay
validation (particularly of minimally invasive methods, such
as FGM) and quantifying the response of Australian marsu-
pials to conservation-relevant stressors, such as introduced
predators, invasive species, diseases, anthropogenic activities,
habitat loss and fragmentation and climate change. We
acknowledge the significant logistical challenges associated
with studying the stress response in Australian marsupials,
many of which are cryptic, nocturnal and threatened, includ-
ing resource limitations (for example, time- and labour-inten-
sive trapping and sample collection) and the only recent
development of validated assays. Captive populations may
provide feasible candidates for assay validation (Hogan et al.,
2011; Narayan et al., 2012). Once key stressors can be iden-
tified, measures to manage stress can be trialled, and if suc-
cessful, incorporated into management plans.

Physiological stress assessments in natural populations
using conservation physiology tools are becoming immensely
useful for understanding conservation challenges for other
threatened wildlife in Australia (Kindermann et al., 2012;
Graham et al., 2013). Marsupial conservation can benefit in
a similar manner through the integration of stress physiology
assessments into ecological monitoring programmes. Thus,
networking and collaborations between field managers and
stress physiologists will boost Australian marsupial conserva-
tion programmes.

Taxonomic coverage

Glucocorticoids have been used in 29 studies to understand
the stress response to conservation-relevant stressors in 21
of the 142 extant species of Australian marsupials (15%;
Table 1). The majority of species (60%) examined in these
studies were listed as of least concern by the International
Union for the Conservation of Nature (IUCN). There are an
estimated 60 Australian marsupials of conservation concern
(Kennedy, 1992), but glucocorticoids have been used to
investigate the stress response of only one critically endan-
gered (Stead-Richardson et al., 2010) and two endangered
species of Australian marsupial (Weiss and Richards, 1971;
Hogan et al., 2012; Table 1). Characterization of the physi-
ological stress response of marsupials of conservation con-
cern is needed because threatened species such as these are
likely to be the most vulnerable to stressors; hence, these
species may benefit most from the application of stress
physiology to characterize the stress response and identify
optimal management in the presence of threatening
processes.

Other neglected stressors

Many factors which have been found to elicit a significant
stress response in other wildlife species have yet to be investi-
gated in Australian marsupials. Challenges for marsupials,
such as predators (Ramp ez al., 2005; Parsons and Blumstein,
2010) and invasive species (Dickman, 1996), have been inves-
tigated in terms of their behavioural and ecological effects,
but the physiological response of marsupials to these threats
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has yet to be scrutinized fully. In these instances, stress physi-
ology would allow more complete evaluation of the impact of
these threats and thus assist in the design of more effective
threat-management strategies. It is perhaps not surprising that
these stressors remain unexplored given that experimental
manipulation of these factors in marsupials is difficult and
opportunities to do so are rare. An exception may be translo-
cation stress, because translocations are widely used as a con-
servation strategy for Australian marsupials (Sheean et al.,
2012). Translocation entails a combination of many potential
stressors, including capture and handling, transport and dis-
persal in a new environment (Teixeira ez al., 2007; Fig. 2), but
few studies have explored the response of wildlife to these
events during translocation (Franceschini, 2007) and how
these can be designed to manage stress. Baker and Gemmell
(1999) demonstrated that brushtail possums (7. vulpecula)
experience stress following translocation, as indicated by ele-
vated levels of plasma cortisol following capture and translo-
cation. Given that marsupial translocations are an important
and widely used conservation tool, a key question is: what
aspects of translocation are most stressful, and consequently,
how can translocation success be optimized? Most impor-
tantly, stress physiology tools can also be used to gauge the
adaptation of animals post-translocation.

Understanding individual and species differences

The reasons underlying individual and species differences in
the stress response are rarely examined in marsupials or wild-
life in general (Morgan and Tromborg, 2007; Mason, 2010).
Physiological differences between individuals and species are
not random, in that differences can be determined by a myr-
iad of factors, such as animal temperament, prior experience,
environmental requirements and characteristics of biology
(Wielebnowski, 2003; Bejder et al., 2009; Mason, 2010).
A key question is: what characteristics make some animals
more resilient than others? The reasons for individual and
species differences may indicate variation in vulnerability to
decline and thus may shed light on desirable or undesirable
traits and inform conservation priority setting and resource
allocation. For example, plasma cortisol (free, CBG bound
and albumin bound) in northern brown bandicoot (Isoodon
macrourus) indicated that this species appeared to be less
stressed by seasonal changes compared with sympatric marsu-
pials, such as the northern quoll (Dasyurus hallucatus;
Kemper et al., 1989). Isoodon macrourus may be more resil-
ient to climatic changes because they are generalists in terms
of diet and habitat and do not experience the same breeding
stress as other marsupials (Kemper ez al., 1989). Hence, in the
case of extremes of weather, if resources for conservation
mangement were limited, they could be prioritized for more
specialized species, which may require more support, or in a
triage situation, prioritized for generalists who are more likely
to survive. Marsupial species also differ in their response to
factors associated with reproduction, such as higher energy
expenditure and intraspecific aggression. Antechinus species
undergo semelparity while others, such as northern quoll (D.
hallucatus), avoid fatal stress-related pathology associated
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breeding (Schmitt et al., 1989). The appropriate design of
population-monitoring programmes may depend heavily
upon this knowledge of species-specific stressors.

Individual differences in the stress response of Australian
marsupial species have been explored by Narayan et al.
(2012). Individual bilbies reacted differently to short-term
stressors depending on the degree to which they had habitu-
ated to long-term stressors and their health condition
(Narayan et al., 2012). In contrast, Hogan et al. (2012)
showed no significant variation among individual responses
of captive numbats to the same stressors. An individual ani-
mal’s stress response to characteristics of a captive environ-
ment may be influenced by a variety of factors, for example,
past experience, time in captivity and nature of the contact
(Morgan and Tromborg, 2007; Narayan et al., 2013a).
Potentially, with the advancement of molecular technologies,
genetic markers associated with the variation in glucocorti-
coid data could be identified in marsupials to breed more
resilient populations selectively. Human research has revealed
that the stress response is moderately to highly heritable, and
the neuropeptide Y gene has been identified to regulate indi-
vidual variation in the effects of stress (Zhou et al., 2008).

The consequences of stress

Marsupial stress physiology studies have largely concentrated
on the essential first steps, such as biological and laboratory
validation of assays and comparing individuals and popula-
tions of marsupials (Table 1). As small fluctuations in GCs
are essential for survival, demonstrating changes in GC in
itself does not necessarily indicate a potentially detrimental
stress response. However, it is clear that prolonged high
plasma cortisol (chronic stress) can reduce survival of marsu-
pials (Bradley et al., 1975). Incorporating GC monitoring
into routine fauna monitoring of wild populations may pro-
vide insights into fluctuations between GC levels and popula-
tion growth and fitness.

Acute vs. chronic stress can have different effects on fitness
(Sapolsky et al., 2000); hence, it is important to understand
the consequences of both acute stressors, such as capture
and handling, and chronic stressors, such as confinement
(Stead-Richardson et al., 2010). Indeed, there may be an
interaction between responses to acute and chronic stressors,
as observed in bilbies where individuals experiencing long-
term stress associated with injuries and health issues demon-
strated a greater FGM response to acute stressors (Johnstone
et al., 2012; Narayan et al., 2012).

In order to determine whether a stressor poses a significant
threat to an animal, further investigations are needed into asso-
ciations between GC and biological functions (Madliger and
Love, 2014), including immune defences, disease dynamics,
reproduction and fitness (Moberg and Mench, 2000). Measuring
these parameters in parallel to GC and comparing baseline GC
with changes in response to specific stressors will help discern
between normal vs. potentially detrimental variations in GC. It is
crucial that links between GC, biological function and fitness are

fully characterized to understand the impact of stressors on
Australian marsupials, particularly species of conservation con-
cern. For example, the health consequences of stress are many
and varied (Sapolsky ez al., 2000), with serious implications for
a variety of infectious diseases (Kriek, 1994; Narayan, 2013). In
marsupials, stress has been associated with changes in body con-
dition, bacterial and parasitic infection (Kemper ez al., 1989).

Stress may play a role in driving disease dynamics in
Australian marsupials. For example, stress is implicated as a
potential trigger for clinical disease in koalas infected by
Chlamydia (Canfield et al., 1991). Stress has also been sug-
gested as a factor exacerbating Toxoplasma gondii infection,
potentially contributing to the decline of Australian native
fauna (Thompson et al., 2010). In addition, Trypanosoma spe-
cies of haemoparasites, which may play a role in the decline
of the critically endangered woylie (Bettongia penicillata;
Thompson et al., 2010; Botero et al., 2013), may be exacer-
bated by stress (Brown ez al., 2003). A small number of studies
have been conducted in marsupials to investigate associations
between stress and disease (Dowle et al., 2012; Robert and
Schwanz, 2013). However, we are yet to investigate and char-
acterize fully the health and conservation implications of phys-
iological stress in marsupials. By doing so, disease risk factors
may be identified and mitigated to protect healthy populations
for the future.

Reproduction

The relationship between stress and reproduction is relevant to
marsupial conservation because chronic stress can limit breed-
ing (Bradley et al., 1980; Oates et al., 2007); hence, it is impor-
tant to consider associations between stress and reproduction
for the sustainability of free-ranging populations and captive-
breeding programmes. Chronic stress associated with breeding
can be associated with fatal pathology (Dickman and
Braithwaite, 1992; Bradley, 2003). For example, in Antechinus
species and the red-tailed phascogale (Phascogale calura), the
negative feedback system that regulates GC release is abolished
during the breeding season, resulting in dysregulated and
increased GC release and mass mortality (Bradley ef al., 1980;
McDonald et al., 1986; Bradley, 1997). A decrease in plasma
CBG results in an increase in total free (biologically active)
cortisol to levels which appear to be immunosuppressive,
decreasing serum immunoglobulins (Bradley er al., 1980).
Consequently, gross post-mortem and histopathology reveal
severe haemorrhagic gastrointestinal tract pathology, including
ulceration (Bradley and Monamy, 1991), increased invasive-
ness of micro-organisms and parasites (Bradley et al., 1980;
Dickman and Braithwaite, 1992), liver pathology associated
with Listeria monocytogenes (Barker et al., 1978) and recru-
descence of haemoparasites, such as Babesia spp. (Cheal et al.,
1976; Barker et al., 1978).

The association between chronic stress and animal
reproduction has also been determined experimentally. To
determine the pattern of adrenal activity that was responsible
for semelparity, Bradley ez al. (1975) administered 10 mg/kg/day
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exogenous corticosterone to wild-caught male antechinus over
2 weeks to simulate chronic stress during the breeding season.
The mortality rate of the treatment group was significantly
higher than that of the control group (Bradley ez al., 1975).
These processes may be affected by other environmental factors,
since captive and wild brush-tailed phascogales (Phascogale
tapoatafa) differ in their physiological stress response to repro-
duction; captive males escape the semelparous fate of their wild
counterparts (Schmidt et al., 2006). These insights indicate that
conservation success for semelparous marsupial species may
rely on mitigation of proximate stressors associated with repro-
duction, such as energy deficits.

Other dasyurid species, such as northern quoll (D. hallu-
catus), do not experience fatal stress-related pathology asso-
ciated with breeding (Schmitt ez al., 1989). However, even in
marsupial species that do not undergo semelparity, stress may
influence breeding success, and stress physiology can be a
highly informative tool for troubleshooting reproductive fail-
ure. For example, honey possums (Tarsipes rostratus) are
vulnerable to chronic stress in captivity, and stress appears to
be an important factor impeding reproductive success (Oates
et al., 2007). Few Gilbert’s potoroo (Potorous gilbertii),
Australia’s most endangered marsupial, have been success-
fully bred in captivity, and Stead-Richardson ez al. (2010)
investigated whether stress may diminish reproduction in
captive P. gilbertii. If this were the case, Stead-Richardson
et al. (2010) surmised that captive potoroos would demon-
strate significantly higher FGM compared with their wild
counterparts, but their results suggested the reverse.

There are several possible explanations for differences in
the relationship between stress and reproduction in different
studies (captive and wild) and species, including the follow-
ing: differences in protocols, methods and techniques; species
differences in GC responses; length of time in captivity; char-
acteristics of the captive environment; and the nature, fre-
quency, duration and severity of stressors (Wielebnowski,
2003). Interpreting stress physiology and reproduction can
also be problematic given the complexity of the interactions
between GCs and reproductive hormones (oestrogens, pro-
gesterone and testosterone; Lane, 2006). Nevertheless, there
is an extensive body of literature on stress and reproduction
in other species indicating that stress can have a significant
impact on reproductive success depending on a variety of
individual, species, stressor and environmental factors
(Tilbrook et al., 2000; Karsch and Breen, 2009). For exam-
ple, it has been consistently demonstrated that chronic stress
reduces the secretion of gonadotrophins and inhibits repro-
duction in non-rodent mammals (Tilbrook et al., 2000);
hence, it is likely to be beneficial to marsupial conservation to
consider stress physiology when evaluating the reproductive
performance marsupials iz situ and ex situ.

Conclusions

Studies on the stress physiology of Australian marsupials
have direct significance for the management of these unique
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species because they highlight significant factors that may
influence conservation outcomes, i.e. reproduction, habitat
loss, captivity, climate, capture, handling and translocation.
There remain many other potential stressors that are yet to be
investigated.

There is a broad range of situations where knowledge about
the stress response could inform marsupial management plans.
In captive populations, understanding what social groupings,
housing conditions, environmental provisions and husbandry
techniques incur more or less stress would help to improve
welfare, health and fitness. For example, Hogan ez al. (2011)
demonstrated learned helplessness in captive wombats in
response to handling and suggested that ‘gentling’, originally
an equine training technique involving gradual, patient hus-
bandry, may improve wombat management. Demonstration
of the stress response of social marsupials to isolation
(McKenzie and Deane, 20035) suggests that isolation should be
avoided if possible, for instance if an individual requires off-
exhibit treatment, the patient should be accompanied by con-
specifics. The design of conservation protocols would also
benefit from an understanding of the stress response; for exam-
ple, insights into which stages of translocation are most stress-
ful for marsupials and how provisions such as lighting,
substrate and sound barriers might be used during transport to
decrease the stress inherent in translocation. Stress physiology
would also aid in evaluation of the efficacy of such measures.

In wild populations, understanding the stress response to
major threats, such as habitat loss and climate change, is
critical for conservation planning. Stress physiology research
has indicated that marsupials such as koalas (Davies et al.,
2014) and squirrel gliders (Brearley et al., 2012, 2013) are
vulnerable at habitat edges, so resource allocation may pri-
oritize these populations. Data can also be applied to the
design of Australia’s protected area network to strengthen
the case for increased connectivity (Soulé et al., 2004). The
response of marsupials to stress factors may have a myriad of
implications for in situ and ex situ conservation, but further
studies are required to establish whether stress has a signifi-
cant impact on the health and fitness of Australian marsupi-
als, or indeed, if it contributes significantly to extinction risk
and species survival.

While there is a body of literature on marsupial stress physi-
ology spanning over 50 years, Australian conservation research
and management programmes are yet to realize the potential
benefits of stress physiology fully. Significant knowledge gaps
remain in identifying how marsupials respond to stressors, the
factors which modulate individual and population stress
responses and the conservation implications of stress in marsu-
pials. However, the rapid recent development of several non-
invasive assays to measure stress parameters holds much
promise for furthering this field of research into Australian mar-
supial conservation. Given urgent concerns about the future of
endangered Australian marsupials, understanding how they
respond to the stressors is critical for predicting how popula-
tions will cope and how best to manage them into the future.

$20z 14dy £z uo 1senb Aq 91/82€//20Nn09/L/z/a1o1e/sAyduod/wod dno-olwapede//:sdiy woly papeojumoq



Conservation Physiology - Volume 2 2014

Acknowledgements

The authors would like to thank the anonymous reviewers
for their feedback and the Murdoch University Development
and Communications Office for assistance with figures.

Funding

This work was supported by the Australian Academy of
Science Margaret Middleton Foundation, Foundation of
National Parks and Wildlife and the Holsworth Wildlife
Research Endowment. S.G. was supported by an Australian
Research Council DECRA (DE120101470). S.H. was sup-
ported by an Australian Postgraduate Award with a Murdoch
University Strategic Top-Up Scholarship.

References

Abell SE, Gadek PA, Pearce CA, Congdon BC (2006) Seasonal resource
availability and use by an endangered tropical mycophagous mar-
supial. Biol Conserv 132: 533-540.

Acevedo-Whitehouse K, Duffus AL (2009) Effects of environmental change
on wildlife health. Phil Trans R Soc Lond B Biol Sci 364: 3429-3438.

Adams-Hosking C, Moss PT, Rhodes JR, Grantham HS, McAlpine C (2011)
Modelling the potential range of the koala at the last glacial maxi-
mum: future conservation implications. Aust Zool 35: 983-990.

Allen NT, Bradshaw SD (1980) Diurnal variation in plasma concentra-
tions of testosterone, 5a-dihydrotestosterone, and corticosteroids
in the Australian brush-tailed possum, Trichosurus vulpecula (Kerr).
Gen Comp Endocrinol 40: 455-458.

Armati PJ, Dickman CR, Hume ID (2006) Marsupials. Cambridge
University Press, New York, USA.

Baker ML, Gemmell RT (1999) Physiological changes in the brushtail
possum (Trichosurus vulpecula) following relocation from Armidale
to Brisbane, Australia. J Exp Zool 284: 42-49.

Baker MR, Gobush KS, Vynne CH (2013) Review of factors influencing
stress hormones in fish and wildlife. J Nat Conserv 21: 309-318.

Barker IK, Beveridge |, Bradley AJ, Lee AK (1978) Observations on spon-
taneous stress-related mortality among males of the dasyurid mar-
supial Antechinus stuartii Macleay. Aust J Zool 26: 435-447.

Bateman BL, VanDerWal J, Johnson CN (2012) Nice weather for bet-
tongs: using weather events, not climate means, in species distribu-
tion models. Ecography 35: 306-314.

Baudinette R, Skinner J (2001) Marsupials as models for biomedical
research. Australia and New Zealand Council for the Care of Animals in
Research and Teaching (ANZCCART) News, Adelaide, SA, 14: 1-3.

Bejder L, Samuels A, Whitehead H, Finn H, Allen S (2009) Impact assess-
ment research: use and misuse of habituation, sensitisation and tol-
erance in describing wildlife responses to anthropogenic stimuli.
Mar Ecol Prog Ser 395: 177-185.

Boonstra R (2013) Reality as the leading cause of stress: rethinking the
impact of chronic stress in nature. Funct Ecol 27: 11-23.

Booth RJ, Carrick FN, Addison PA (1990) The structure of the koala adre-
nal gland and the morphological changes associated with the stress
of disease. In AK Lee, KA Handasyde, GD Sanson, eds, Biology of the
Koala. Surrey Beaty & Sons, Sydney, pp 281-288.

Botero A, Thompson CK, Peacock CS, Clode PL, Nicholls PK, Wayne AF,
Lymbery AJ, Thompson RCA (2013) Trypanosomes genetic diver-
sity, polyparasitism and the population decline of the critically
endangered Australian marsupial, the brush tailed bettong or
woylie (Bettongia penicillata). Int J Parasitol Parasites Wildl 2:
77-89.

Bradley AJ (1990) Failure of glucocorticoid feedback during breeding in
the male red-tailed phascogale Phascogale calura (Marsupialia:
Dasyuridae). J Steroid Biochem Mol Biol 37: 155-163.

Bradley AJ (1997) Reproduction and life history in the red-tailed phasco-
gale, Phascogale calura (Marsupialia: Dasyuridae): the adaptive-
stress senescence hypothesis. J Zool 241: 739-755.

Bradley AJ (2003) Stress, hormones and mortality in small carnivorous
marsupials. In M Jones, C Dickman, M Archer, eds, Predators with
Pouches - The Biology of Carnivorous Marsupials. CSIRO Publishing,
Collingwood, Victoria, Australia, pp 255-267.

Bradley A, Monamy V (1991) A physiological profile of Antechinus
swainsonii (Marsupialia: Dasyuridae) males surviving the post-
mating mortality. Aust Mammal 14: 25-27.

Bradley AJ, Stoddart DM (1990) Metabolic effects of cortisol, ACTH,
adrenalin and insulin in the marsupial sugar glider, Petaurus brevi-
ceps. J Endocrinol 127:203-212.

Bradley AJ, Stoddart DM (1992) Seasonal changes in plasma androgens,
glucocorticoids and glucocorticoid-binding proteins in the marsu-
pial sugar glider Petaurus breviceps. J Endocrinol 132: 21-31.

Bradley AJ, McDonald IR, Lee AK (1975) Effects of exogenous cortisol on
mortality of a dasyurid marsupial. J Endocrinol 66: 281-282.

Bradley AJ, McDonald IR, Lee AK (1980) Stress and mortality in a small
marsupial (Antechinus stuartii, Macleay). Gen Comp Endocrinol 40:
188-200.

Bradshaw D (2010) Ecophysiology and conservation of wildlife in
Western Australia. J R Soc West Aust 93: 153-164.

Bradshaw S (1983) Recent endocrinological research on the Rottnest
Island quokka (Setonix brachyurus). J R Soc West Aust 66: 55-61.

Brearley G, McAlpine C, Bell S, Bradley A (2012) Influence of urban edges
on stress in an arboreal mammal: a case study of squirrel gliders in
southeast Queensland, Australia. Landsc Ecol 27: 1407-1419.

Brearley G, Rhodes J, Bradley A, Baxter G, Seabrook L, Lunney D, Liu Y,
McAlpine C (2013) Wildlife disease prevalence in human-modified
landscapes. Biol Rev 88: 427-442.

Brown JL (2006) Comparative endocrinology of domestic and nondo-
mestic felids. Theriogenology 66: 25-36.

$20z 14dy £z uo 1senb Aq 91/82€//20Nn09/L/z/a1o1e/sAyduod/wod dno-olwapede//:sdiy woly papeojumoq



Brown MJF, Schmid-Hempel R, Schmid-Hempel P (2003) Strong con-
text-dependent virulence in a host-parasite system: reconciling
genetic evidence with theory. J Anim Ecol 72: 994-1002.

Canfield P, Love D, Mearns G, Farram E (1991) Chlamydial infection in a
colony of captive koalas. Aust Vet J 68: 167-169.

Carbajal S, Orihuela A (2001) Minimal number of conspecifics needed to
minimize the stress response of isolated mature ewes. J Appl Anim
Welf Sci 4: 249-255.

Chapman CA, Saj TL, Snaith TV (2007) Temporal dynamics of nutrition,
parasitism, and stress in colobus monkeys: implications for popula-
tion regulation and conservation. AmJ Phys Anthropol 134: 240-250.

Cheal PD, Lee Ak, Barnett JL (1976) Changes in the haematology of
Antechinus stuartii (Marsupialia), and their association with male
mortality. AustJ Zool 24: 299-311.

Chester Jones |, Vinson GP, Jarret IG, Sharman GB (1964) Steroid compo-
nents in the adrenal venous blood of Trichosurus vulpecula (Kerr). J
Endocrinol 30: 149-150.

Claridge AW, Seebeck, Rose R (2007) Bettongs, Potoroos, and the Musky
Rat-Kangaroo. CSIRO Publishing, Melbourne, Victoria, Australia.

Cockrem JF (2005) Conservation and behavioral neuroendocrinology.
Horm Behav 48: 492-501.

Cooke SJ, Sack L, Franklin CE, Farrell AP, Beardall J, Wikelski M, Chown SL
(2013) What is conservation physiology? Perspectives on an increas-
ingly integrated and essential science. Conserv Physiol 1: doi:
10.1093/conphys/cot001.

Davies N, Gillett A, McAlpine C, Seabrook L, Baxter G, Lunney D, Bradley
A (2013a) The effect of ACTH upon faecal glucocorticoid excretion in
the koala. J Endocrinol 219: 1-12.

Davies NA, Gramotnev G, McAlpine C, Seabrook L, Baxter G, Lunney D,
Rhodes JR, Bradley A (2013b) Physiological stress in koala popula-
tions near the arid edge of their distribution. PLoS ONE 8: €79136.

Davies N, Gramotnev G, Seabrook L, McAlpine C, Baxter G, Lunney D,
Bradley A (2014) Climate-driven changes in diet composition and
physiological stress in an arboreal folivore at the semi-arid edge of
its distribution. Biol Conserv 172: 80-88.

Dehnhard M (2007) Characterisation of the sympathetic nervous sys-
tem of Asian (Elephas maximus) and African (Loxodonta africana)
elephants based on urinary catecholamine analyses. Gen Comp
Endocrinol 151: 274-284.

Dickman CR (1996) Impact of exotic generalist predators on the native
fauna of Australia. Wildl Biol 2: 185-195.

Dickman CR, Braithwaite RW (1992) Postmating mortality of males in
the dasyurid marsupials, Dasyurus and Parantechinus. J Mammal 73:
143-147.

Dowle MD, Webster N, Deane E (2012) Faecal glucocorticoid metabolite
concentrations in the free-ranging bandicoots (Perameles nasuta
and Isoodon obesulus) of northern Sydney. Aust Mammal 35: 1-7.

Downs RJ (1980) Stress physiology. BioScience 30: 262.

Conservation Physiology - Volume 2 2014

Evans N, Narayan EJ, Hero J-M (2013) Effects of natural weathering con-
ditions on faecal cortisol metabolite measurements in the greater
bilby (Macrotis lagotis). Aust J Zool 61: 351-356.

Ezenwa VO, Etienne RS, Luikart G, Beja-Pereira A, Jolles AE (2010) Hidden
consequences of living in a wormy world: nematode-induced
immune suppression facilitates tuberculosis invasion in African buf-
falo. Am Nat 176: 613-624.

Fa JE, Funk SM, O'Connell D (2011) Protecting species and habitats. In
Zoo Conservation Biology. Cambridge University Press, Cambridge,
UK, pp 142-189.

Fair PA, Becker PR (2000) Review of stress in marine mammals. J Aquat
Ecosyst Stress Recovery 7: 335-354.

Fisher DO, Blomberg SP, Owens IP (2003) Extrinsic versus intrinsic fac-
tors in the decline and extinction of Australian marsupials. Proc Biol
Sci 270: 1801-1808.

Franceschini MD (2007) Glucocorticoids and wildlife health: evaluating
the stress of translocation and chronic contaminant exposure. PhD
thesis. Tufts University, Ann Arbor, MI, USA, pp 1-91.

Gabor CR, Fisher MC, Bosch J (2013) A non-invasive stress assay shows
that tadpole populations infected with Batrachochytrium dendroba-
tidis have elevated corticosterone levels. PLoS ONE 8: e56054.

Geyer J, Kiefer |, Kreft S, Chavez V, Salafsky N, Jeltsch F, Ibisch PL (2011)
Classification of climate-change-induced stresses on biological
diversity. Conserv Biol 25: 708-715.

Gibson LA (2001) Seasonal changes in the diet, food availability and
food preference of the greater bilby (Macrotis lagotis) in south-west-
ern Queensland. Wildl Res 28: 121-134.

Gillespie TR, Chapman CA, Greiner EC (2005) Effects of logging on gas-
trointestinal parasite infections and infection risk in African pri-
mates. J App Ecol 42: 699-707.

Graham CM, Narayan EJ, McCallum H, Hero J-M (2013) Non-invasive
monitoring of glucocorticoid physiology within highland and low-
land populations of native Australian Great Barred Frog (Mixophyes
fasciolatus). Gen Comp Endocrinol 191: 24-30.

Grandin T (2007) Livestock Handling and Transport, Ed 3. CABI,
Wallingford, Oxfordshire, UK.

Haby NA, Foulkes J, Brook BW (2013) Using climate variables to predict
small mammal occurrence in hot, dry environments. Landscape Ecol
28:1-13.

Hajduk P, Copland MD, Schultz DA, Clements HI (1992) Effects of capture
on hematological values and plasma cortisol levels of free-range
koalas (Phascolarctos cinereus). J Wildl Dis 28: 502-506.

Hogan L, Johnston SD, Lisle AT, Keeley T, Wong P, Nicolson V, Horsup AB,
Janssen T, Phillips CJC (2011) Behavioural and physiological
responses of captive wombats (Lasiorhinus latifrons) to regular han-
dling by humans. Appl Anim Behav Sci 134:217-228.

Hogan LA, Lisle AT, Johnston SD, Robertson H (2012) Non-invasive
assessment of stress in captive numbats, Myrmecobius fasciatus

$20z 14dy £z uo 1senb Aq 91/82€//20Nn09/L/z/a1o1e/sAyduod/wod dno-olwapede//:sdiy woly papeojumoq



Conservation Physiology - Volume 2 2014

(Mammalia: Marsupialia), using faecal cortisol measurement. Gen
Comp Endocrinol 179: 376-383.

Hopwood PR, King S (1972) Marsupial stress syndrome. Aust Vet J 48:
71-71.

Hume |, Jarman P, Renfree M, Temple-Smith P (1989) Macropodidae. In
DW Walton, BJ Richardson, eds, Fauna of Australia. Australian
Government Publishing Service, Canberra, pp 697-715.

Humphreys W, How R, Bradley A, Kemper C, Kitchener D (1984) The
biology of Wyulda squamicaudata, Alexander 1919. In A Smith,
| Hume, eds, Possums and Gliders. Surrey Beatty & Sons, Sydney,
pp 162-169.

Iwama GK, Pickering AD, Sumpter JP (2011) Fish Stress and Health in
Aquaculture. Cambridge University Press, Cambridge, UK.

Jackson S (2007) Australian Mammals: Biology and Captive Manage-
ment. CSIRO, Collingwood, Victoria, Australia, 294 pp.

Jessop TS, Woodford R, Symonds MRE (2013) Macrostress: do large-
scale ecological patterns exist in the glucocorticoid stress response
of vertebrates? Funct Ecol 27: 120-130.

Johnson C (2006) Australia’s Mammal Extinctions: A 50 000-Year History.
Cambridge University Press, Melbourne, Victoria, Australia.

Johnston S, Booth R, Pyne M, Keeley T, Mackie J, Hulse L, Ellis W (2013)
Preliminary study of faecal cortisol and corticosterone as an index
of acute cortisol secretion in the koala (Phascolarctos cinereus). Aust
Vet J91:534-537.

Johnstone CP, Lill A, Reina RD (2012) Does habitat fragmentation cause
stress in the agile antechinus? A haematological approach. J Comp
Physiol B 182: 139-155.

Karsch FJ, Breen KM (2009) Glucocorticoids: do they really contribute to
stress-related reproductive inhibition? Expert Rev Endocrinol Metab
4:295-298.

Kemper C, Kitchener D, Humphreys W, How R, Schmitt L, Bradley A
(1989) The biology of the northern brown bandicoot, Isoodon mac-
rourus (Marsupialia, Peramelidae) at Mitchell Plateau, Western-
Australia. Aust J Zool 37: 627-644.

Kennedy M (1992) Australasian Marsupials and Monotremes: an Action
Plan for Their Conservation. IUCN/SSC Australasian Marsupial and
Monotreme Specialist Group. IUCN, Gland, Switzerland.

Kersey DC, Dehnhard M (2014) The use of noninvasive and minimally
invasive methods in endocrinology for threatened mammalian spe-
cies conservation. Gen Comp Endocrinol in press. doi:10.1016/
j.ygcen.2014.04.022.

Killen SS, Marras S, Metcalfe NB, McKenzie DJ, Domenici P (2013)
Environmental stressors alter relationships between physiology and
behaviour. Trends Ecol Evol 28: 651-658.

Kindermann C, Narayan EJ, Hero J-M (2012) Urinary corticosterone
metabolites and chytridiomycosis disease prevalence in a free-liv-
ing population of male Stony Creek frogs (Litoria wilcoxii). Comp
Biochem Physiol A Mol Integr Physiol 162: 171-176.

King JM, Bradshaw SD (2010) Stress in an island kangaroo? The Barrow
Island euro, Macropus robustus isabellinus. Gen Comp Endocrinol 167:
60-67.

Kriek NP (1994) A stress-related disease of white rhinoceroses caused by
commensal bacteria. In Rhinos as Game Animals. Proceedings of a
South African Veterinary Association symposium on rhinos as game
ranch animals, Onderstepoort, Republic of South Africa, pp 180-185.

Lane J (2006) Can non-invasive glucocorticoid measures be used as reli-
able indicators of stress in animals? Anim Welf 15: 331-342.

Loyola RD, Lemes P, Faleiro FV, Trindade-Filho J, Machado RB (2012)
Severe loss of suitable climatic conditions for marsupial species in
Brazil: challenges and opportunities for conservation. PLoS ONE 7:
e4625.

McAllan BM (2006) Dasyurid marsupials as models for the physiology of
ageing in humans. Aust J Zool 54: 159-172.

McCallum H, Dobson A (2002) Disease, habitat fragmentation and con-
servation. Proc Biol Sci 269: 2041-2049.

McDonald IR (1977) Adrenocortical functions in marsupials. In D
Gilmore, B Stonehouse, eds, The Biology of marsupials. MacMillan
Press, London, pp 345-378.

McDonald IR, Bradshaw SD (1993) Adrenalectomy and steroid replace-
ment in a small macropodid marsupial, the quokka (Setonix brachy-
urus): metabolic and renal effects. Gen Comp Endocrinol 90: 64-77.

McDonald IR, Lee AK, Bradley AJ, Than KA (1981) Endocrine changes in
dasyurid marsupials with differing mortality patterns. Gen Comp
Endocrinol 44:292-301.

McDonald IR, Lee AK, Than KA, Martin RW (1986) Failure of glucocorti-
coid feedback in males of a population of small marsupials
(Antechinus Swainsonii) during the period of mating. J Endocrinol
108: 63-68.

McEwen BS (2005) Stressed or stressed out: what is the difference? J
Psychiatry Neurosci 30: 315-318.

McKenzie S, Deane EM (2003) The effects of age, season, and gender on
serum cortisol levels in the tammar wallaby, Macropus eugenii. Gen
Comp Endocrinol 133: 273-278.

McKenzie S, Deane EM (2005) Faecal corticosteroid levels as an indicator
of well-being in the tammar wallaby, Macropus eugenii. Comp
Biochem Physiol A Mol Integr Physiol 140: 81-87.

McKenzie S, Deane EM, Burnett L (2004) Are serum cortisol levels a reli-
able indicator of wellbeing in the tammar wallaby, Macropus euge-
nii? Comp Biochem Physiol A Mol Integr Physiol 138: 341-348.

McLaren G, Bonacic C, Rowan A (2007) Animal welfare and conserva-
tion: measuring stress in the wild. In | MacDonald, K Service, eds, Key
Topics Il Conservation Biology. Blackwell Publishing, Oxford,
pp 120-133.

Madliger CL, Love OP (2014) The need for a predictive, context-
dependent approach to the application of stress hormones in
conservation. Conserv Biol 28: 283-287.

$20z 14dy £z uo 1senb Aq 91/82€//20Nn09/L/z/a1o1e/sAyduod/wod dno-olwapede//:sdiy woly papeojumoq



Mason GJ (2010) Species differences in responses to captivity: stress,
welfare and the comparative method. Trends Ecol Evol 25:713-721.

Mbora DN, McPeek MA (2009) Host density and human activities medi-
ate increased parasite prevalence and richness in primates threat-
ened by habitat loss and fragmentation. J Anim Ecol 78: 210-218.

Medeiros DM, Wildman REC (2013) Advanced Human Nutrition. Jones &
Bartlett, Sudbury, MA, USA, p 76.

Miller T, Bradshaw SD (1979) Adrenocortical function and a field popula-
tion of a macropodid marsupial (Setonix brachyurus, Quoy and
Gaimard). J Endocrinol 82: 159-170.

Millspaugh JJ, Washburn BE (2004) Use of fecal glucocorticoid metabo-
lite measures in conservation biology research: considerations for
application and interpretation. Gen Comp Endocrinol 138: 189-199.

Moberg GP, Mench JA (2000) The Biology of Animal Stress: Basic
Principles and Implications for Animal Welfare. CABI Publishing,
Wallingford, UK.

Monfort SL (2003) Non-invasive endocrine measures of reproduction
and stress in wild populations. In WV Holt, A Pickard, JC Rodger, DE
Wildt, eds, Conservation Biology 8: Reproductive Science and
Integrated Conservation. Cambridge University Press, Cambridge,
UK, pp 147-165.

Morgan KN, Tromborg CT (2007) Sources of stress in captivity. Appl Anim
Behav Sci 102: 262-302.

Mostl E, Palme R (2002) Hormones as indicators of stress. Domest Anim
Endocrinol 23: 67-74.

Muehlenbein MP (2009) The application of endocrine measures in pri-
mate parasite ecology. In A Huffman, CA Chapman, eds, Primate
Parasite Ecology - The Dynamics and Study of Host-Parasite
Relationships. Cambridge University Press, Cambridge, UK, pp 63-81.

Munck A, Naray-Fejes-Téth A (1994) Glucocorticoids and stress: permis-
sive and suppressive actions. Ann N'Y Acad Sci 746: 115-130.

Narayan EJ (2013) Non-invasive reproductive and stress endocrinology
in amphibian conservation physiology. Conserv Physiol 1: doi
0.1093/conphys/cot011.

Narayan EJ, Hero J-M (2014a) Acute thermal stressor increases glucocor-
ticoid response but minimizes testosterone and locomotor perfor-
mance in the cane toad (Rhinella marina). PLoS ONE 9: €92090.

Narayan EJ, Hero J-M (2014b) Repeated thermal stressor causes chronic
elevation of baseline corticosterone and suppresses the physiologi-
cal endocrine sensitivity to acute stressor in the cane toad (Rhinella
marina). J Therm Biol 41:72-76.

Narayan E, Hero J, Evans N, Nicolson V, Mucci A (2012) Non-invasive
evaluation of physiological stress hormone responses in a captive
population of the greater bilby Macrotis lagotis. Endanger Species
Res 18:279-289.

Narayan EJ, Parnell T, Clark G, Martin-Vegue P, Mucci A, Hero J-M (2013a)
Faecal cortisol metabolites in Bengal (Panthera tigris tigris) and
Sumatran tigers (Panthera tigris sumatrae). Gen Comp Endocrinol
194:318-325.

Conservation Physiology - Volume 2 2014

Narayan EJ, Webster K, Nicolson V, Mucci A, Hero J-M (2013b) Non-
invasive evaluation of physiological stress in an iconic Australian
marsupial: the koala (Phascolarctos cinereus). Gen Comp Endocrinol
187:39-47.

Naylor R, Richardson SJ, McAllan BM (2008) Boom and bust: a review of
the physiology of the marsupial genus Antechinus. J Comp Physiol B
Biochem Syst Environ Physiol 178: 545-562.

Nesse RM, Young EA (2007) Evolutionary origins and functions of the
stress response. In Encyclopaedia of Stress, Ed 2. Academic Press,
San Diego, USA, pp 965-970.

Oates JE, Bradshaw FJ, Bradshaw SD, Stead-Richardson EJ, Philippe DL
(2007) Reproduction and embryonic diapause in a marsupial:
insights from captive female Honey possums, Tarsipes rostratus
(Tarsipedidae). Gen Comp Endocrinol 150: 445-461.

Oddie CJ, Blaine EH, Bradshaw SD, Coghlan JP, Denton DA, Nelson JF,
Scoggins BA (1976) Blood corticosteroids in Australian marsupial
and placental mammals and one monotreme. J Endocrinol 69:
341-348.

Palme R (2005) Measuring fecal steroids: guidelines for practical appli-
cation. Ann N'Y Acad Sci 1046: 75-80.

Palme R, Rettenbacher S, Touma C, EI-Bahr S (2005) Stress hormones in
mammals and birds: comparative aspects regarding metabolism,
excretion, and noninvasive measurement in fecal samples. Ann N'Y
Acad Sci 1040: 162-171.

Parsons MH, Blumstein DT (2010) Familiarity breeds contempt: kanga-
roos persistently avoid areas with experimentally deployed dingo
scents. PLoS ONE 5: e10403.

Ramp D, Russell BG, Croft DB (2005) Predator scent induces differing
responses in two sympatric macropodids. Aust J Zool 53: 73-78.

Reeder DM, Kramer KM (2005) Stress in free-ranging mammals: inte-
grating physiology, ecology, and natural history. J Mammal 86:
225-235.

Robert KA, Schwanz LE (2013) Monitoring the health status of free-
ranging tammar wallabies using hematology, serum biochemistry,
and parasite loads. J Wildl Manag 77: 1232-1243.

Romero LM, Reed JM (2005) Collecting baseline corticosterone samples
in the field: is under 3 min good enough? Comp Biochem Physiol A
Mol Integr Physiol 140: 73-79.

Sapolsky RM, Alberts SC, Altmann J (1997) Hypercortisolism associated
with social subordinance or social isolation among wild baboons.
Arch Gen Psychiatry 54: 1137-1143.

Sapolsky RM, Romero LM, Munck AU (2000) How do glucocorticoids
influence stress responses? Integrating permissive, suppressive,
stimulatory, and preparative actions. Endocr Rev 21: 55-89.

Schmidt AL, Taggart DA, Holz P, Temple-Smith PD, Bradley AJ (2006)
Plasma steroids and steroid-binding capacity in male semelpa-
rous dasyurid marsupials (Phascogale tapoatafa) that survive
beyond the breeding season in captivity. Gen Comp Endocrinol
149: 236-243.

$20z 14dy £z uo 1senb Aq 91/82€//20Nn09/L/z/a1o1e/sAyduod/wod dno-olwapede//:sdiy woly papeojumoq



Conservation Physiology - Volume 2 2014

Schmitt LH, Bradley AJ, Kemper CM, Kitchener DJ, Humphreys WF, How
RA (1989) Ecology and physiology of the northern quoll, Dasyurus
hallucatus (Marsupialia, Dasyuridae), at Mitchell Plateau, Kimberley,
Western Australia. J Zool 217: 539-558.

Selye H (1936) A syndrome produced by diverse nocuous agents. Nature
138:32.

Shaw G, Renfree MB, Fletcher TP (1996) A role for glucocorticoids in par-
turition in a marsupial, Macropus eugenii. Biol Reprod 54: 728-733.

Sheean VA, Manning AD, Lindenmayer DB (2012) An assessment of sci-
entific approaches towards species relocations in Australia. Austral
Ecol 37:204-215.

Sheriff MJ, Dantzer B, Delehanty B, Palme R, Boonstra R (2011) Measuring
stress in wildlife: techniques for quantifying glucocorticoids.
Oecologia 166: 869-887.

Soulé ME, Mackey BG, Recher HF, Williams JE, Woinarski JCZ, Driscoll D,
Dennison WC, Jones ME (2004) The role of connectivity in Australian
conservation. Pacific Conserv Biol 10: 266.

Stead-Richardson E, Bradshaw D, Friend T, Fletcher T (2010) Monitoring
reproduction in the critically endangered marsupial, Gilbert’s
potoroo (Potorous gilbertii): preliminary analysis of faecal
oestradiol-17f, cortisol and progestagens. Gen Comp Endocrinol
165:155-162.

Stein-Behrens BA, Sapolsky RM (1992) Stress, glucocorticoids and aging.
Aging 4: 197-210.

Stoddart DM, Bradley AJ (1991) Measurement of short-term changes in
heart rate and in plasma concentrations of cortisol and catechol-
amine in a small marsupial. J Chem Ecol 17: 1333-1341.

Teixeira CP, De Azevedo CS, Mendl M, Cipreste CF, Young RJ (2007)
Revisiting translocation and reintroduction programmes: the
importance of considering stress. Anim Behav 73: 1-13.

Than KA, McDonald IR (1973) Adrenocortical function in the Australian
brush-tailed possum Trichosurus vulpecula (Kerr). J Endocrinol 58:
97-109.

Thomas CD, Cameron A, Green RE, Bakkenes M, Beaumont
LJ, Collingham YC, Erasmus BF, De Siqueira MF, Grainger A,
Hannah L (2004) Extinction risk from climate change. Nature 427:
145-148.

Thomas L (1990) Stress and population regulation in Isoodon obesulus
(Shaw and Nodder). In J Seebeck, P Brown, R Wallis, C Kemper, eds,
Bandicoots and Bilbies. Surrey Beatty & Sons, Sydney, pp 335-343.

Thompson RCA, Lymbery AJ, Smith A (2010) Parasites, emerging dis-
ease and wildlife conservation. Int J Parasitol 40: 1163-1170.

Tilbrook A, Turner A, Clarke | (2000) Effects of stress on reproduction in
non-rodent mammals: the role of glucocorticoids and sex differ-
ences. Rev Reprod 5: 105-113.

Touma C, Palme R (2005) Measuring fecal glucocorticoid metabolites in
mammals and birds: the importance of validation. Ann N Y Acad Sci
1046: 54-74.

Weiss IC, Pryce CR, Jongen-Rélo AL, Nanz-Bahr NI, Feldon J (2004) Effect
of social isolation on stress-related behavioural and neuroendocrine
state in the rat. Behav Brain Res 152: 279-295.

Weiss M, McDonald IR (1966) Adrenocortical secretion in the wombat,
Vombatus hirsutus Perry. J Endocrinol 35: 207-208.

Weiss M, Richards PG (1971) Adrenal steroid secretion in the Tasmanian
devil (Sarcophilus Harisii) and the Eastern native cat (Dasyurus viver-
rinus). A comparison of adrenocortical activity of different Australian
marsupials. J Endocrinol 49: 263-275.

Weiss M, Oddie CJ, McCance | (1979) The effects of ACTH on adrenal
steroidogenesis and blood corticosteroid levels in the echidna
(Tachyglossus aculeatus). Comp Biochem Physiol B 64: 65-70.

Wielebnowski N (2003) Stress and distress: evaluating their impact for
the well-being of zoo animals. J Am Vet Med Assoc 223: 973-977.

Wikelski M, Cooke SJ (2006) Conservation physiology. Trends Ecol Evol
21:38-46.

Young KM, Walker SL, Lanthier C, Waddell WT, Monfort SL, Brown JL (2004)
Noninvasive monitoring of adrenocortical activity in carnivores by
fecal glucocorticoid analyses. Gen Comp Endocrinol 137: 148-165.

Young LJ, Deane EM (2006) A longitudinal study of changes in blood
leukocyte numbers in the tammar wallaby, Macropus eugenii. Comp
Clin Pathol 15: 63-69.

Zhou Z, Zhu G, Hariri AR, Enoch M-A, Scott D, Sinha R, Virkkunen M, Mash
DG, Lipsky RH, Hu X-Z, et al. (2008) Genetic variation in human NPY
expression affects stress response and emotion. Nature 452:997-1001.

$20z 14dy £z uo 1senb Aq 91/82€//20Nn09/L/z/a1o1e/sAyduod/wod dno-olwapede//:sdiy woly papeojumoq



