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Globally, ecosystems and their constituent flora and fauna face the localized and broad-scale influence of human activities.
Conservation practitioners and environmental managers struggle to identify and mitigate threats, reverse species declines,
restore degraded ecosystems, and manage natural resources sustainably. Scientific research and evidence are increasingly
regarded as the foundation for new regulations, conservation actions, and management interventions. Conservation biolo-
gists and managers have traditionally focused on the characteristics (e.g. abundance, structure, trends) of populations, spe-
cies, communities, and ecosystems, and simple indicators of the responses to environmental perturbations and other human
activities. However, an understanding of the specific mechanisms underlying conservation problems is becoming increasingly
important for decision-making, in part because physiological tools and knowledge are especially useful for developing cause-
and-effect relationships, and for identifying the optimal range of habitats and stressor thresholds for different organisms.
When physiological knowledge is incorporated into ecological models, it can improve predictions of organism responses to
environmental change and provide tools to support management decisions. Without such knowledge, we may be left with
simple associations. ‘Conservation physiology’ has been defined previously with a focus on vertebrates, but here we redefine
the concept universally, for application to the diversity of taxa from microbes to plants, to animals, and to natural resources.
We also consider‘physiology’in the broadest possible terms; i.e. how an organism functions, and any associated mechanisms,
from development to bioenergetics, to environmental interactions, through to fitness. Moreover, we consider conservation
physiology to include a wide range of applications beyond assisting imperiled populations, and include, for example, the
eradication of invasive species, refinement of resource management strategies to minimize impacts, and evaluation of resto-
ration plans. This concept of conservation physiology emphasizes the basis, importance, and ecological relevance of physio-
logical diversity at a variety of scales. Real advances in conservation and resource management require integration and
inter-disciplinarity. Conservation physiology and its suite of tools and concepts is a key part of the evidence base needed to
address pressing environmental challenges.
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We define conservation physiology as: ‘An integrative
scientific discipline applying physiological concepts, tools,
and knowledge to characterizing biological diversity and
its ecological implications; understanding and predicting
how organisms, populations, and ecosystems respond to
environmental change and stressors; and solving
conservation problems across the broad range of taxa (i.e.
including microbes, plants, and animals). Physiology is
considered in the broadest possible terms to include
functional and mechanistic responses at all scales, and
conservation includes the development and refinement of
strategies to rebuild populations, restore ecosystems,
inform conservation policy, generate decision-support
tools, and manage natural resources.’

Introduction

The idea that physiological knowledge can inform conserva-
tion is not new. Although a search for the phrase ‘conserva-
tion physiology’ within Web of Science yields <30 papers, the
pages of conservation journals include physiological content,
while those of physiological journals include population man-
agement and conservation. Indeed, prior to the middle of the
20th century, ecology and physiology had largely been
regarded as synonymous (Gaston et al., 2009), resulting in
frequent application of physiological approaches to investiga-
tions of population dynamics (e.g. Cook, 1924; Payne, 1926;
Sacharov, 1930; Andrewartha and Birch, 1954). In many
ways, the August Krogh principle for physiological adapta-
tion, which was coined over a century ago (‘for...a large
number of problems there will be some animal of choice, or a
few such animals, on which it can be most conveniently stud-
ied’), is derived from the marvellous match of an animal’s
physiology with its environment (Hochachka and Somero,
2002). Fry (1947) recognized six categories of effects (i.e. fac-
tors) for fish in which the environment and physiology inter-
acted. Much earlier, Shelford (1911) provided a comprehensive
treatment of environmental factors shaping plant and animal
distributions, with much focus on physiological mechanisms,
poorly explored as many of them were at that time.

The discussion of physiology in a conservation context
began to increase in the early 1990s, perhaps reflecting the
growing appreciation for the significance of the field during
and after the meeting organized by Wilcox and Soulé at
which the term ‘conservation biology’ was first introduced.
Although the journal Biological Conservation has existed
since the late 1960s, and Conservation Biology since 1987,
work with explicit reference to physiology in the abstract
only began to appear in the 1990s. Likewise, in the fourth
edition of his seminal book, Prosser (1991) argued the need
for greater physiological information on stressed species
given drastic environmental change and population reduc-
tions. A year later, in reviewing the iconoclastic 1987 volume
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by Feder et al., Gnaiger (1992) devoted his final section to
the need for physiology to be concerned with human impacts.
A parallel shift has also occurred in the field of toxicology
and the sub-field of environmental toxicology. At one time,
these areas were concerned with lethality as a measurement
and regulatory end-point. Today, the importance of sub-
lethal toxicity is well recognized, and books have been
devoted to the mechanistic physiology that underlies toxicity
(e.g. for fishes, Wood et al., 2012a, b). The reason for these
shifts is simple; there is a much better appreciation of animal
and plant physiology, especially in relationship to their envi-
ronments.

Such recognition of the significance of physiology for con-
servation has grown in primary research and in critical
reviews (e.g. Parsons, 1995; Hoffmann and Parsons, 1997;
Spicer and Gaston, 1999; Carey, 2005; Tracy et al., 2006;
Chown and Terblanche, 2007), but only recently has the dis-
cipline named ‘conservation physiology’ emerged (Wikelski
and Cooke, 2006; Cooke and O’Connor, 2010). This disci-
pline has expanded dramatically with the publication of syn-
thetic papers (Carey, 2005; Tracy et al., 2006; Wikelski and
Cooke, 2006; Cooke and Suski, 2008; Portner and Farrell,
2008), special issues (e.g. Stevenson, 2006; Franklin and
Seebacher, 2012), and symposia [e.g. by the Society for
Integrative and Comparative Biology (Stevenson ez al., 2005;
Stevenson, 2006) and Society for Experimental Biology
(Franklin, 2009)].

In this overview, we briefly review what we mean by con-
servation physiology, developing a synthetic definition that
reflects the current scope of the field. We then illustrate this
scope with a range of examples, demonstrating that conser-
vation physiology has much to offer to science and to those
who find themselves with the considerable challenge of prac-
tising conservation in our rapidly changing world. In doing
s0, we provide the reasons for the launch of this new journal,
Conservation Physiology. Echoing the words of the first edi-
tors of Biological Conservation (Anonymous, 1968), we
offer no excuse for adding another journal to the world’s bur-
geoning journal stable, but rather demonstrate that the need
already exists and the time is ripe.

What is conservation physiology?

‘Conservation physiology’ has been defined previously in sev-
eral ways, each implying a somewhat different scope. To our
knowledge, the first use of the phrase ‘conservation physiol-
ogy” was by Wikelski and Cooke (2006), but several earlier
phrases were conceptually similar. ‘Conservation physiology’
is more than the sum of its constituent words, though these
words are powerful. Conservation is a movement or disci-
pline focused on natural resource use, allocation, and protec-
tion (Warren and Goldsmith, 1983; McCormick, 1991;
Soulé, 1985). Physiology is focused on the mechanisms
involved in how an organism works, including the anatomy
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and structure of organisms and organs, resource acquisition,
metabolism and energy fluxes, regulation and homeostasis,
acclimatization to changing environments and environmental
tolerances, performance (such as growth, locomotion, and
reproductive fitness), and impacts on the ecosystem (Prosser
and Brown, 1950; Nobel, 1983; Taiz and Zeiger, 1991; Spicer
and Gaston, 1999; Randall et al., 2001). Physiology can be
studied at the wide range of scales, from organisms, down to
organ systems, organs, cells, and biomolecules and their
chemical and/or physical functions.

Carey (2005) suggested that studies can be described as
‘conservation physiology’ when physiologists contribute
knowledge, concepts, and perspectives to conservation deci-
sion-making. Such a definition is broad, but did not include a
statement of the meaning of ‘conservation’. Although a zoolo-
gist, Carey (2005) reminded readers of the threats that plants
face given environmental change and pathogen emergence. In
a paper titled ‘The importance of physiological ecology in con-
servation biology’, Tracy et al. (2005) provided a case study on
the nutritional ecology of desert tortoises and noted that ‘many
of the threats to the persistence of populations of sensitive spe-
cies have physiological or pathological mechanisms, and those
mechanisms are best understood through the inherently inte-
grative discipline of physiological ecology’. The authors noted
that physiological ecology has become critical for understand-
ing threats to the persistence of sensitive species and that phys-
iological data can be used as part of ‘informed opinion’ (ideally,
with theory and experiments to test hypotheses that form new
syntheses of physiological and ecological knowledge), and
eventually to guide management decisions.

Wikelski and Cooke (2006), both zoologists, coined the
term ‘conservation physiology’ in a paper with that title.
They explicitly defined it as ‘the study of physiological
responses of organisms to human alteration of the environ-
ment that might cause or contribute to population declines’.
The authors acknowledged that conservation physiology was
relevant to all taxa, but their examples were entirely focused
on vertebrates. One of the greatest limitations of that defini-
tion was its being framed only in terms of identifying prob-
lems rather than developing solutions. Also limiting is the
focus on population declines as an end-point, which fails to
recognize other relevant responses, such as range shifts,
changes in genetic diversity, and alteration in the structure
and function of populations, communities, and ecosystems.
Although the authors did not provide a definition of conser-
vation per se, they did provide a specific conservation-ori-
ented metric (i.e. population decline), which is the basis for
most regional, national, and international threat assessments
(e.g. IUCN Red List; Mace et al., 2008). The definition pro-
vided by Wikelski and Cooke (2006) remained unchanged
for some time despite its limited scope.

Parallel developments were also focusing on the role of
physiological studies in understanding the responses of
organisms to anthropogenic change, the consequences
thereof, and the scope for both mitigation of and adaptation
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to impacts. In particular, macrophysiology, defined as ‘the
investigation of variation in physiological traits over large
geographical and temporal scales and the ecological implica-
tions of this variation’ (Chown et al., 2004a), had focused on
these conservation-related questions, as made explicit in a
series of reviews (Chown and Gaston, 2008; Gaston et al.,
2009). Subsequent macrophysiological work identified previ-
ously unappreciated conservation problems, such as climate-
change-related threats to tropical and sub-tropical populations
(Deutsch et al., 2008; Huey et al., 2009; Clusella-Trullas
et al., 2011; Duarte et al., 2012; Kellermann et al., 2012),
illustrating its close links to conservation physiology (see also
Chown and Gaston, 2008).

Following a brief hiatus in the discussion of conservation
physiology, Seebacher and Franklin (2012) presented a revised
definition; one that combined elements of earlier papers (e.g.
Carey, 2005; Tracy et al., 2005) with that of Wikelski and
Cooke (2006). Conservation physiology became ‘the applica-
tion of physiological theory, approaches and tools to elucidate
and address conservation problems with the aim to provide a
mechanistic understanding of how environmental disturbances
and threatening processes impact physiological responses and
thereby ecological function, population persistence, and species
survival’. This definition was the first to use the word ‘mechanis-
tic’, to refer to theory, approaches, and tools, and to expand the
scope from populations to include a higher level of biological
organization, namely ecological function and species survival. A
key point in that paper was the value of conservation physiology
in elucidating the ‘cause and effect’ that underpinned environ-
mental impacts on organisms. This definition was taxon neutral,
but there was little formal consideration of plants.

In the same year, in a ‘conservation in practice’ paper
focused on Pacific salmon, Cooke et al. (2012) adopted the
definition of Wikelski and Cooke (2006), but showed that
physiological knowledge has already been used not only to
document problems, but also to generate management models
to predict how organisms will respond to change, and to
develop and test conservation strategies to generate desirable
conservation outcomes (e.g. increases in population size,
enabling sustainable use). A range of other studies has also
demonstrated the specific conservation and management util-
ity of physiological knowledge (e.g. Porter et al., 2000; Pimm
and van Aarde, 2001; Mitchell et al., 2008; Morris et al.,
2011; Crossland et al., 2012). Collectively, these examples
show that conservation physiology can do more than docu-
ment problems and elucidate mechanisms, which although
important, are not always enough to assist population recov-
ery. Cooke et al. (2012) also noted that although conservation
physiology is typically focused on anthropogenic stressors,
rarely do stressors act alone, and stressors such as diseases can
be moderated by human activities, consistent with ideas pre-
sented by Carey (2005). Metcalfe ef al. (2012) revised the pre-
vious definitions as follows: ‘We consider conservation
physiology to be an applied subdiscipline within ecophysiol-
ogy and define conservation physiology as the study of physi-
ological responses of organisms to environmental changes
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and human-induced impacts, and their implications for popu-
lation and ecosystem dynamics’. Their refined definition
explicitly recognized that natural variations in the environ-
ment may alter the response of organisms to human impacts.
A similar consideration also exists in the field of toxicology,
where prior exposure to a toxicant can alter subsequent expo-
sures, e.g. the induction of metallothionein-binding proteins
in blood and detoxification enzymes in the liver. They also
expanded the definition beyond population declines to ecosys-
tem processes and emphasized scaling from physiological
effects to community and ecosystem processes, though miss-
ing the overlap with macrophysiology. The authors noted that
‘conservation’ included conservation of biodiversity as well as
the management of exploited living resources (presumably in
a sustainable manner; Aplet et al., 1992). Metcalfe et al.
(2012) used marine fish as a case study, but their definition
certainly did not exclude plants. However, like previous defi-
nitions, they did not focus on the need for this science to solve
conservation problems.

As evident from these previous definitions, the concept of
‘conservation physiology” has evolved. We have reviewed the
strengths and weaknesses of the previous definitions and con-
sidered additional properties required to embody the actual and
potential capabilities of conservation physiology, as follows:

(i) Taxonomic inclusiveness.

(ii) Interpretation of ‘physiology’ in the broadest sense to
include functions and mechanisms at all scales, from
the cellular to the organismal, to the community, eco-
system, and biosphere.

(iii

Interpretation of ‘conservation’ in the broadest sense to
include conservation of biodiversity as well as the sus-
tainable management of biological resources (Aplet
et al., 1992).

Inclusion of work not only on declines in populations of
species of concern, but also on the broad range of prob-
lems facing conservation and management, e.g. how to
control invasive species, how to maintain habitat, and
how to manage fragmented and degraded systems.

(iv

(v) Recognition of the need to scale from physiological
mechanisms and processes to the levels of interest to
conservation practitioners (e.g. populations, species,
communities, ecosystems).

(vi) Focusing not only on the documentation and clarifica-
tion of conservation problems, but also on identifica-
tion and refinement of solutions.

Extending from the core of basic knowledge to improve
understanding and inform decision-making in a num-
ber of ways, such as incorporation of knowledge into
models and other decision-support tools.

(vii

Integration with the wide range of scientific sub-disci-
plines for maximal power and understanding.

(viii
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Taking all these elements on board, we arrived at the defi-
nition of conservation physiology that is the epigraph of this
paper. Consistent with this definition, we have outlined a
series of topics that exemplify what conservation physiology
encompasses (Box 1).

The need for conservation science

From the days of Aldo Leopold (1920-40s) and his promo-
tion of the land ethic (in A Sand County Almanac) and wild-
life management (in Game Management) to Rachel Carson’s
candid assessment of the effects of pesticides on birds, the
fate of the natural world and the recognition that we need to
take better care of it and even attempt to repair the damage
done has become a prevailing societal paradigm. How to do
s0, of course, remains a considerable challenge given increas-
ing demands on the natural world (Vitousek et al., 1997).
The global human population continues to expand rapidly, as
does demand for resources. The human population has
already doubled in the lifetime of one of the authors and is
expected to exceed 9 billion by 2050. However, population
size is not the sole problem, because affluence (or consump-
tion) and technology also influence the relationship between
humans and the environment (Ehrlich and Ehrlich, 1970;
Arrow et al., 2004). The actions and inactions of humans
(e.g. Foley et al., 2005; Goudie, 2005) have led to widespread
disturbance and environmental change, from local to global
scales. In some cases, conservation problems have arisen
from intensively managed and exploited species (e.g. Atlantic
cod), such that what was once a management issue has since
become a conservation problem (Hutchings and Myers,
1994). However, at the same time excellent targeted conser-
vation actions have brought species back from the brink of
extinction (Sodhi et al., 2011), fuelling optimism that the
future of conservation is less bleak once we understand the
mechanistic connections between and within organisms
(Gillson et al., 2013).

Although human impact on the environment can be mea-
sured in many ways, loss of biodiversity is commonly under-
stood to be important. Biodiversity, in its most simple form,
is the variety (at all scales) of life on earth (Magurran, 2004;
Millennium Ecosystem Assessment, 2005; Maclaurin and
Sterelny, 2008), and is by most accounts in decline (Dirzo
and Raven, 2003). A recent report revealed that despite
some local successes, and considerable efforts to slow the
decline, the rate of biodiversity loss is not slowing (Butchart
et al., 2010). Amphibians (Stuart ez al., 2004; Hof et al.,
2011), freshwater fish (Ricciardi and Rasmussen, 2001),
and tropical forests, as well as their resident biota (Wright,
2005), show particularly high rates of biodiversity loss and
extinction. Loss of biodiversity is often first noted as
declines in population sizes, a common metric used for
regional, national, and international threat levels (Rodrigues
et al., 2006). Population declines are pervasive, with exam-
ples in nearly every region and taxon (e.g. sea grasses, Orth
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Box 1: The scope of conservation physiology

et al., 2006; coral reefs, Pandolfi et al., 2003). Vertebrate
imperilment status (as measured by the IUCN Red List)
continues to be dire, although the deterioration in species
status would have been worse in the absence of conserva-
tion efforts (Hoffman et al., 2010). Alarmingly, declines in
the abundance of species and the loss of biodiversity have
direct and indirect effects on human well-being (Diaz et al.,
2006; Hanski et al., 2012). Although there is some debate
regarding the ecosystem consequences of biodiversity loss
(e.g. Naeem, 2002), in general it is recognized that there is
real potential to alter ecosystem properties and the goods
and services they provide to society (Hooper et al., 2012).
Effective conservation of biodiversity is essential for human
survival and the maintenance of ecosystem processes and
services (Rands et al., 2010).

In the 1980s, scientists such as Michael Soulé began to
consider the need for a new multi-disciplinary field dedicated
to the science of scarcity and diversity (Soulé, 1986).
Conservation biology was born, with a focus on providing
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principles and tools for preserving biological diversity (Soulé,
1985). The field matured and evolved, and eventually
adopted an even more holistic perspective and moniker (i.e.
conservation science). This field contributed new approaches
to conservation practice, such as conceptual frameworks (e.g.
Salafsky et al., 2002; McGeoch et al., 2006, 2012; Pereira
et al., 2013) for scientists to provide information relevant to
conservation practitioners (e.g. managers, policy-makers).
The recognition grew that evidence, rather than anecdote,
was essential for meaningful conservation action (Sutherland
et al., 2004), and especially to move beyond arbitrary or ad
hoc approaches (Pullin et al., 2004).

Within the sphere of conservation science several sub-
disciplines have emerged, including conservation genetics,
conservation medicine, and conservation social science
(see Table 1). Many of these sub-disciplines have become
recognized specialty areas in their own right, beyond their
integration within the broader realm of conservation sci-
ence. All of these sub-disciplines are focused on generation
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Table 1: Summary of the list of the various sub-disciplines of conservation science with relevant connections to conservation physiology

Examples of potential integration

Sub-disciplines Summary of sub-discipline and key references with conservation physiology
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Table 1: continued

Examples of potential integration

Sub-disciplines Summary of sub-discipline and key references with conservation physiology
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Table 1: continued

Sub-disciplines

Sub-disciplines are listed alphabetically.

of knowledge to understand problems as well as to develop
solutions. Indeed, modern conservation science is as much
about restoring ecosystems and rebuilding populations
(e.g. Hobbs and Harris, 2001) as it is about documenting
responses to stressors. The exception, perhaps, is in terms
of predicting the future (e.g. Pearson and Dawson, 2003;
Bellard et al., 2012; Huey et al., 2012) such that it is pos-
sible to develop adaptation strategies for environmental
change. Clearly, given the multitude of threats facing bio-
diversity, population persistence, and ecosystem structure
and function, conservation science plays an essential role.
Likewise, resource management, even of exploited popula-
tions, has at its heart conservation and the science behind
it (see Noss, 2006; note that this was also recognized by
Anonymous, 1968), because management activities were
intended to be based on sustainable use (Rice et al., 1997,
Martinet et al., 2007) within an ecosystemic context
(Grumbine, 2002). International policy instruments, laws,
agreements, and initiatives, such as the Convention on
Biological Diversity, the Convention on the International
Trade of Endangered Species, and the Millennium
Ecosystem Assessment and Development Goals, provide
institutional guidance for addressing some of the larger-
scale conservation issues, although in reality most suc-
cesses have been based on more localized activities.

Summary of sub-discipline and key references

Conservation Physiology - Volume 12013

Examples of potential integration with
conservation physiology

The need for conservation physiology

Conservation physiology is a latecomer relative to the other
sub-disciplines that have become trusted and recognized com-
ponents of conservation science (e.g. conservation genetics,
conservation behaviour). While physiology was identified as
relevant (see Fig. 1; Soulé, 1985) in the early days of conserva-
tion biology, one must look quite hard to find even a mention
of physiology in any of the introductory conservation biology
textbooks (e.g. Primack, 1993; Pullin, 2002; Lindenmayer
and Burgman, 2005; Groom et al., 2006; Hunter and Gibbs,
2006). It is almost as if the relevance of physiology was for-
gotten or dismissed for some time. Fazey et al. (2005) evalu-
ated publication trends in conservation science and revealed
that most research was focused on species and populations,
rather than the broader suite of scales from molecules to eco-
systems, demonstrating that physiology was poorly repre-
sented within at least key conservation science journals. In the
field of ecological restoration, some have even expressed
doubt that a general mechanistic approach is necessary at all
(e.g. Cabin, 2007), while others have vigorously argued that it
is essential (e.g. Giardina ez al., 2007; Valladares and Gianoli,
2007; Cooke and Suski, 2008; Brudvig, 2011). We believe
that this oversight, intentional or not, reflected the difficulty
of easily connecting physiology with its application. With the
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Figure 1: Components of conservation science [Soulé (1985); referred
to as conservation biology]. Note how physiology is included as a
component even in this early (Soulé, 1985) schematic diagram despite
the fact that some other prominent sub-disciplines (e.g. behaviour,
planning; see Table 1 for complete list) are excluded. Republished with
permission of The American Institute of Biological Sciences, from Soulé
(1985; BioScience). Permission conveyed through Copyright Clearance
Center, Inc. (Detail ID 63243232, Licence ID 3051560892668).

expanded knowledge in the mechanistic aspects of environ-
mental physiology and environmental toxicology, this is no
longer the case. The growth of physiology back towards ecol-
ogy and application to conservation has been deliberate,
albeit perhaps somewhat stealthy.

Why is conservation physiology needed? In answering this
question, we must go beyond the bland statement that link-
ages between physiology and conservation have become pos-
sible. Therefore, more specifically, what does conservation
physiology contribute to conservation science, resource man-
agement, and policy? In fact, many roles can be outlined for
the importance of conservation physiology within the broader
sphere of conservation science. These roles can be targeted
specifically towards current needs, as recommended by Noss
(2006). Indeed, there have been several syntheses that have
outlined priority research topics (via horizon scanning and
collaborative prioritization exercises) and needs in conserva-
tion science in general (see Soulé and Orians, 2001; Sutherland
etal.,2009,2010,2011,2012), as well as for specific regions
(e.g. the UK, Sutherland ef al., 2006; USA, Fleishman et al.,
2011; Canada, Rudd et al., 2011; Antarctica, Chown et al.,
2012a), taxa (e.g. turtles, Hamann ez al., 2010; birds,
Sutherland ez al., 2012; insects, Stewart, 2012; pollinators,
Dicks et al., 2013; metallophytes, Whiting et al., 2004), and
pressing problems (e.g. pharmaceuticals in the environment,
Boxall et al., 2012; coastal and marine management, Rudd
and Lawton, 2013). Such research priority documents can be
mined to identify potential ways in which conservation phys-
iology can be relevant to practitioners. For example, in the
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2012 horizon scan of emerging global conservation issues,
Sutherland et al. (2012) listed a number of issues that are in
desperate need of mechanistic physiological studies to under-
stand and solve problems (e.g. warming of the deep sea, min-
ing in the deep ocean, climate-driven colonizations in
Antarctic waters, increases in pharmaceutical discharges as
human populations age, and the potential consequences of
graphene on organisms). In addition, a group of physiologists
(i.e. Tsukimura et al., 2010) suggested that physiology had
the potential to inform and address a variety of conservation
issues and emphasized the need to transform such science
into information and tools that other constituencies can pro-
cess and use. Clearly, there is no shortage of opportunity for
the nascent field of conservation physiology.

It is not possible to review all of the possible applications
here, so we refer the reader to other syntheses, including
Carey (2005), Wikelski and Cooke (2006), Chown and
Gaston (2008), Cooke and O’Connor (2010) and Seebacher
and Franklin (2012), as well as to Table 2, for examples of
the potential ways in which various research areas within
physiology can contribute to plant and animal conservation
physiology and conservation science. For all examples pro-
vided, a core strength of physiology, i.e. the mechanistic
approach (Carey, 2005; Cooke and O’Connor, 2010), is to
identify and confirm cause-and-effect relationships through
experimentation. Indeed, Carey (2005) suggested that physi-
ologists could be helpful in setting standards for the type of
evidence that would constitute compelling proof of a cause-
and-effect relationship. Given that physiology moves beyond
correlation to seeking causation (Seebacher and Franklin,
2012), it arrives at robust information that would be compel-
ling in legal proceedings, such as are common for conserva-
tion and environmental issues (e.g. De Klemm and Shine,
1993), as well as toxicological ones.

Here we provide a brief overview of key ways in which
conservation physiology can contribute in an important man-
ner to conservation science. As noted by Cooke and O’Connor
(2010), there remain challenges in ensuring that conservation
physiology is relevant to policy-makers and conservation
practitioners, and thus we aim to demonstrate with concrete
examples where successes have been achieved in conservation
physiology (see Cooke et al., 2012).

Physiological diversity is the variation in function and toler-
ances among individuals, populations, and species, and arises
due to a combination of genetic, developmental, and environ-
mental influences (Feder, 1987; Spicer and Gaston, 1999;
Chown, 2012). At the most basic level, physiological assess-
ments can identify and characterize functional biodiversity, a
necessary requisite to biodiversity conservation. For example,
substantial efforts in characterizing physiological diversity in
insects (reviewed by Chown and Terblanche, 2007) have
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Table 2: Examples of physiological sub-disciplines and their potential contributions to conservation of animals and plants (modified
and expanded from Wikelski and Cooke, 2006)

Physiological sub-discipline

Potential contributions to animal conservation

Potential contributions to plant conservation

(Continued)
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Table 2: continued

Physiological sub-discipline

Sub-disciplines are listed alphabetically.

revealed that as a consequence of limited upper thermal
tolerances and the form of the metabolic rate-temperature
relationship, tropical and sub-tropical populations are likely to
be much more at risk from changing climates than their more
temperate counterparts (Deutsch e al., 2008; Dillon ez al.,
2010; Kellermann et al., 2012; Hoffmann et al., in press).
Likewise, it appears that responses to changing environments
might differ substantially between the hemispheres (Chown
et al., 2004b), and that winter warming may be especially
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Potential contributions to animal conservation Potential contributions to plant conservation

problematic for temperate species (Williams ez al., 2012). In
this respect, Beardall et al. (1998) point out that the austral
marine flora may be more sensitive to global warming than
their boreal counterparts. Algal reproduction is extremely sen-
sitive to temperature and, for instance, Breeman (1990) pre-
dicted significant changes, due ocean warming, in coastal
community structure associated with the northward shift in
the southern boundaries of the major canopy-forming kelps of
the genus Laminaria.
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Understanding what such diversity means for the organiza-
tion and function of ecosystems is also a growing and
necessary topic (Pachepsky et al., 2001). The recognition that
inter-individual variation in physiological diversity can
generate intra-population diversity has important implica-
tions for conservation (e.g. population reintroduction pro-
grammes). Several approaches to explain broad-scale patterns
in biodiversity have incorporated elements of physiological
diversity (e.g. Chown et al., 2002; Gaston, 2003; Buckley
et al., 2012). As noted by Spicer and Gaston (1999), attempts
to derive such relationships between physiological diversity
and distribution and/or abundance should be based, where
possible, on hypothesis-driven manipulative examinations,
not only to document patterns, but also to understand their
mechanistic basis. Such examples now exist. For instance,
Navas (2002) used both ecological and evolutionary physiol-
ogy to document herpetological diversity along altitudinal
gradients in the Andes. Likewise, greater animal diversity at
cold seeps vs. hydrothermal vents appears to be related to the
greater physiological barriers to invasion of hydrothermal
vents (Turnipseed et al., 2003). As shown for Hawaiian
Plantago species, studies of the physiology of rare plant spe-
cies within a genus can indicate traits that make them distinc-
tive as conservation priorities, and additionally, reflect their
differentiated habitat preferences (Dunbar-Co et al., 2009).

Habitat is the foundation of functional ecosystems. It is
therefore not surprising that many conservation and manage-
ment efforts relate to identifying and protecting critical habi-
tats from human alteration (Hagen and Hodges, 2006).
Studies of animals have used behavioural information to
study their spatial ecology; however, there is increasing inter-
est in documenting the fitness benefits of occupying different
habitats and niches, particularly in a bioenergetics context.
Niche theory, encompassing both the fundamental niche,
where species are able to survive, and the realized niche,
where species are actually found, provides a useful frame-
work to examine the influence of abiotic and biotic factors on
the distribution of organisms and to predict the impact of
environmental change (Hutchinson, 1957; Kearney and
Porter, 2004; Holt, 2009). Physiology plays a fundamental
role in setting a fundamental niche, and a secondary role to
expressed behaviours in setting a realized niche (Huey, 1991).
Without such physiological knowledge, therefore, niche
descriptions become limited (Porter and Tracy, 1983).
Furthermore, Wilson ez al. (2012) described the concept of
‘energy landscapes’ as a means to consider how animals may
make decisions about how they select various habitats or
movement paths. Given that landscapes and their constituent
habitats vary in composition, such habitats will be of differ-
ent value to different taxa. In some cases, organisms will be
excluded due to environmental thresholds that exceed their
tolerances (e.g. light, temperature, moisture), but in other
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cases organisms may persist in areas of lower habitat quality
although they suffer fitness consequences for doing so (Huey,
1991). Thus, for rare species, as well as for populations of
common species at the edge of their ranges, and subject to the
influence of climate change, detailed quantification of habitat
and physiological responses is necessary (Aleric and Kirkman,
2005; Liu et al., 2006). Indeed, Oftedal and Allen (1996)
advocate ensuring that the nutritional requirements for rep-
tiles are met within protected habitats if they are to benefit
reptile conservation. In one study, estuarine habitat quality
was evaluated using fish condition as a proxy (Amara et al.,
2009). Conservation physiology can also be used to inform
habitat-related management actions. For example, Hasler
et al. (2012) evaluated energy use in endangered salmon dur-
ing their spawning migration in different reaches of a regu-
lated river to identify areas where energy use was elevated
and thus could represent areas in need of restoration as well
as to inform minimal flows. In a unique case, information on
the thermal physiology of an endangered Australian snake
was used to predict its critical habitat needs from a thermo-
regulatory perspective (Webb and Shine, 1998). Given that
protecting all habitats is unrealistic, physiological tools could
be useful for identifying areas that are functionally (rather
than structurally) important and that serve as critical habitats.

Changes in the abiotic environment affect the physiology of
organisms at multiple levels, which is problematic given the
level of anthropogenically mediated environmental change
currently underway. From ocean acidification to global cli-
mate change and from the Arctic to the Amazon, we need to
predict how organisms will respond to such changes.
Hepburn et al. (2011) suggested that increased growth and
competitive ability of non-calcareous marine macroalgae,
alongside negative impacts of acidification on calcifying spe-
cies, could have major implications for the functioning of
coastal reef systems at elevated CO, concentrations. Studies
on microalgae, with their short generation times, have pro-
vided insights regarding adaptive responses to global change
(see Lohbeck et al., 2012). Human ‘adaptation’ or adjust-
ments to resource availability and risk are necessary to pro-
tect livelihoods (Adger ef al., 2005; Smit and Wandel, 2006).
The perceived importance of environmental change and the
associated motivation for human response depends largely
on the rate and magnitude of environmental change and the
projected degree to which humans will be affected (Smithers
and Smit, 1997; Dawson ef al., 2011). Physiological
approaches can be used in experimental tests of the response
of individual organisms to different types of environmental
change (individual and multiple stressors), thereby enabling
predictions for future environmental scenarios (Portner and
Farrell, 2008; Portner, 2008; Chevin et al., 2010; Hoffmann
and Sgro, 2011; Huey et al., 2012). For example, Farrell
et al. (2008) used aerobic scope models and biotelemetry
data to predict the success of spawning migrations relative to
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warming river conditions. Phenotypic plasticity enables the
persistence of organisms within a species across a range of
environmental conditions to a point; however, it is under-
stood that there is also a limit to physiological compensation
for environmental variability such that if conditions exceed
the tolerances or capacities of a species, it will be extirpated
from a given location (Seebacher and Franklin, 2012). As
reviewed by Seebacher and Franklin (2012) and Nicotra
et al. (2011), compensatory responses occur at different time
scales, including between generations (genetic adaptation)
and during development (developmental plasticity) so that
phenotypes are matched to prevailing environmental condi-
tions, and within the adult lifespan as reversible plasticity
(acclimation and acclimatization; Wilson and Franklin,
2002). Individual physiological acclimatization capacity will
define the winners and losers relative to different types and
extents of environmental change which will be driven
(Somero, 2010). Also relevant are the suite of options avail-
able to humans in order to respond to environmental change
(Smithers and Smit, 1997), something that could be clarified
by conservation physiology (e.g. which species are likely to be
capable of surviving in a given environment and should we
attempt to introduce them to replace the function of species
that are extirpated?). In some cases, knowledge of how organ-
isms respond to environmental change could help to identify
potential mitigation strategies (Chown and Gaston, 2008).

Disturbance is pervasive as a result of human activities
(Vitousek er al., 1997). Physiological tools can be used to
identify the sources and consequences of stressors on plants
and animals. Of particular importance is the ability to identify
thresholds which either do not elicit stress or which do so at a
level that is not maladaptive (Busch and Hayward, 2009).
Novel ways now exist to assess stress without having to han-
dle animals repeatedly (e.g. use of faecal glucocorticoid moni-
toring, biotelemetry, and biologging) in large part due to a
desire to apply such measurements to conservation problems.
Two of the earliest of such studies on vertebrates showed that
logging (Wasser ef al., 1997) and snowmobile activity (Creel
et al., 2002) can increase glucocorticoid stress hormone
release in Spotted Owl and elk (Cervus canadensis), respec-
tively, and these discoveries assisted with reserve zoning to
restrict such activity in some areas. Similar work has occurred
with a range of other taxa and in response to a variety of other
stressors (e.g. fisheries interactions, ecotourism, urbanization,
aircraft noise). Physiological knowledge has also been used to
identify regulatory thresholds for various pollutants for plants
(e.g. Das et al., 1997) and animals (Monserrat et al., 2007).
Another important aspect of such work has been to identify
how stress responses vary relative to differences in habitat
quality (e.g. Martinez-Mota et al., 2007; Homyack, 2010), as
well as determining when and how such stressors affect fitness
and population-level processes (for discussion see Cooke and
O’Connor, 2010). Various stressors also have the potential to
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promote or mediate disease development and, given high-
profile problems such as chytrid fungus and amphibians,
conservation physiology approaches are being used to under-
stand disease dynamics (Blaustein ez al., 2012; Meyer et al.,
2012). With human populations expected to continue to grow
and our footprint to expand, it is certain that organisms will
face more disturbance and pollutants in the future.

Ex situ conservation activities related to highly endangered
species remain important safeguards for plants (Cohen et al.,
1991; Raven, 2004; Pence, 2010) and animals (Balmford
et al., 2002). In many ways, such efforts represent the last
resort (Philippart, 1995) and are undesirable in that they are
resource intensive and expensive, not to mention that there
are limitations with such programmes (see Snyder et al.,
2002). However, there have been some remarkable suc-
cesses, and in many of those instances, success has occurred
because of a strong understanding of the reproductive biol-
ogy of the organism (e.g. Sanz and Grajal, 1998; Pukazhenthi
and Wildt, 2004). In fact, much of the earliest work in con-
servation physiology was directly related to reproduction
(see Holt et al., 2003). In vertebrates, knowledge of endo-
crine function is typically exploited to monitor and manipu-
late the reproductive state of captive animals (e.g. Brown,
2000; Hildebrandt ez al., 2007; Schwarzenberger, 2007). In
the field of stress physiology and environmental toxicology,
the interactions of cortisol and estrogen mimics are well
documented at the physiological and biochemical levels, e.g.
sex reversal of fishes by estrogen mimics (Jobling et al.,
1998). Although many of these efforts are directly related to
understanding reproductive function and how to manage
and maximize reproductive output, other elements of physi-
ology have proved to be valuable. For example, understand-
ing the nutritional physiology of organisms is key when
feeding animals in captivity, to ensure that they have the nec-
essary energy and nutrients to engage in reproduction and
produce viable offspring (e.g. Cayot and Oftedal, 1996;
Houston et al., 2007). Also important is minimizing stress
during captivity and translocation of animals (e.g. Saint
Jalme, 2002; Dickens et al., 2009) and ensuring that the
appropriate environmental conditions are provided. For
plants, knowledge of seed dormancy has enabled the devel-
opment of seed storage for germplasm conservation (Bonner,
1990), and knowledge of habitat requirements and plant—
animal interactions continues to improve the outlook for
preserving species from extinction and restoring ecosystems
(Giardina et al., 2007; Ruxton and Schaefer, 2012).

Conservation practitioners, resource managers and policy-
makers often make decisions regarding conservation actions
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to undertake in order to address given objectives. They are
often guided by various plans (e.g. conservation plans,
recovery plans, wildlife management plans, forest manage-
ment plans; Groves et al., 2002) and the suite of options avail-
able to them is ideally based on scientific evidence (Pullin
et al., 2004). In addition, actions are ideally implemented in
an active, adaptive way such that monitoring will lead to revi-
sion of plans and refinement of actions as appropriate
(McCarthy and Possingham, 2007). Conservation physiology
can be used as an integral part of such monitoring programmes
(see below; Cooke and Suski, 2008), and furthermore, to assist
the identification of actions likely to be most successful. For
example, bycatch reduction strategies for sea turtles have ben-
efited greatly from knowledge of sensory physiology (e.g. to
develop repellents; Southwood et al., 2008). In addition,
physiological knowledge has been useful in elucidating the
chemical ecology of natural enemies, herbivores, and host
plants such that biological control programme efforts can
focus on the most successful strategy (Khan et al., 2008). In
general, however, physiology is perhaps most useful in param-
eterizing ecological and management models to support deci-
sion-making. For example, Metcalfe ez al. (2012) describe
how various models (e.g. population models, individual-based
models, species distribution models, and mass- or energy-bal-
anced models) can incorporate information on the relation-
ship between physiology and the environment to inform
management actions. As part of a risk assessment, Arriaga
et al. (2004) used species-distribution models populated with
physiological data to assess the invasion potential of buffel
grass in Mexico to inform management actions related to pre-
venting such an invasion. Likewise, Chown et al. (2012b)
used degree-day information for flowering plant species being
transported to Antarctica, along with explicit information on
visitor numbers and current and future climates to predict
areas of most risk for the establishment of invasive alien spe-
cies. These assessments are now directing conservation man-
agement in the region. Arriaga ef al. (2004) emphasized the
need for ecophysiological experiments to improve the preci-
sion of such models. As modelling techniques become more
sophisticated, physiology will play an important role in ensur-
ing that these decision-support tools are appropriately param-
eterized and calibrated through careful experimentation.

One of the strengths of conservation physiology is its ability
to provide objective scientific information to permit evalua-
tion of the extent to which various conservation and manage-
ment activities are successful. For example, restoration of
degraded habitats is a common conservation action that is
presumed to have benefits at a variety of biological levels.
Traditional measures of community structure to assess suc-
cess can be slow to respond to changes and often take longer
than the period for which monitoring is set to occur (if any
monitoring at all; Adams and Ham, 2011). Physiological
tools can be used to understand whether there are individual-
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level benefits associated with restoration (e.g. reduced stress,
improved growth, or nutritional condition) on a shorter time
frame (Cooke and Suski, 2008). For example, Szota et al.
(2011) contrasted the response of two eucalypts to seasonal
drought at restored sites and determined that although the
plants were in the same functional group, they responded dif-
ferently to resource limitation. Success of restoration plans
can be improved by using physiological knowledge about
environmental thresholds of different species to identify the
types of species or which populations (usually plants) might
be likely to succeed, particularly in highly degraded sites (e.g.
Pywell et al., 2003; Vance et al., 2003). Translocation of ani-
mals is another conservation strategy that has benefited from
physiological knowledge. Research has revealed the best
practices for relocating wildlife (e.g. Dickens ez al., 2010) and
plants (e.g. Godefroid et al., 2011), while minimizing stress
and maximizing survival. Conversely, a recent ecosystem-
level decision by the salmon-farming industry in British
Columbia, Canada voluntarily to relocate salmon net pens
away from the migration path of juvenile Pacific salmon dur-
ing the migration window was based in part on physiological
studies of swimming and osmoregulatory performance of
pink salmon that characterized the critical role of fish size in
tolerating parasitic sea lice (Brauner et al., 2012).

Conclusion

To date, various definitions of conservation physiology have
existed, but all possessed limitations. In particular, some were
not sufficiently inclusive in recognizing the role and full poten-
tial of conservation physiology. Here, we have refined the
definition of conservation physiology by reflecting on past
definitions and identifying the key requirements of the defini-
tion. As a result, the definition we have generated is, in many
ways, an integration of previous definitions. Moreover, the
definition was generated by a diverse authorship team cover-
ing plants and animals (from insects to vertebrates), as well as
different topical expertise. To reiterate, conservation physiol-
ogy is an integrative scientific discipline applying physiologi-
cal concepts, tools, and knowledge to characterizing biological
diversity and its ecological implications; understanding and
predicting how organisms, populations, and ecosystems
respond to environmental change and stressors; and solving
conservation problems across the broad range of taxa, includ-
ing microbes, plants, and animals. Physiology is considered in
the broadest possible terms to include functional and mecha-
nistic responses at all scales, and conservation includes the
development and refinement of strategies to rebuild popula-
tions, restore ecosystems, inform conservation policy, gener-
ate decision-support tools, and manage natural resources.

We are confident that this new definition will be embraced
by the broader scientific community. However, when dealing
with biodiversity crises, and in the face of immense manage-
ment and policy challenges, we recognize that action is more
important than the definition (Robinson, 2006). We hope,
therefore, that the new definition and journal will galvanize
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further action. Conservation physiology is certainly needed,
and it has great potential to be effective by broadly contribut-
ing to conservation science in many ways (Cooke and
O’Connor, 2010; Box 1). In addition, given that physiology
embraces a variety of topical sub-disciplines and types of
expertise (Table 2), there are many ways in which physiology
can contribute. We cannot possibly identify all of the ways in
which conservation physiology is needed, but the examples
that we provide here represent ways in which tangible and
rapid progress can be made (see Soulé and Orians, 2001).
Indeed, it is our view that the creativity of those working on
conservation physiology will identify new ways in which it
can become even more relevant to conservation practitioners.
Moreover, because of the ability of conservation physiology
to generate cause-and-effect relationships, we anticipate a
rapid expansion of its use in support of evidence-based con-
servation (Sutherland ez al., 2004). Indeed, evidence-based
conservation is likely to run a parallel course to that taken by
medical science, where mechanistic experimentation is cur-
rently the primary way in which the evidence base is estab-
lished (Pullin and Knight, 2001).

For conservation science to reach its full potential will
require true integration (Beissinger, 1990; Balmford and
Cowling, 2006; Noss, 2006), which means that physiologists
will need to collaborate with scientists with other expertise
(i.e. integration; Fazey et al., 2005), as well as directly with
conservation practitioners (Lawler et al., 2006; Cooke and
O’Connor, 2010). The success of conservation science
requires building on strengths and foundations of existing
sub-disciplines, both basic and applied (Noss, 2006); physiol-
ogy certainly provides such a foundation.
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