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9.1 Introduction

The evidence is clear that recent climate change
has already had an impact on birds and bird popu-
lations (Mgller et al. 2010) as demonstrated both
internationally (Thomas et al. 2006) and within
Australia (e.g. Chambers and Keatley 2010;
Chambers et al. 2011). Given that both climate
change and the direct or indirect relationship bet-
ween climate and bird ecology are pervasive, we
should anticipate even greater impacts on the
abundance and distribution of bird species with
more extreme climate change in the foreseeable
future (although there remains much uncertainty
about the magnitude, direction and nature of
these impacts; Pereira et al. 2010). Some of these
impacts will doubtless be negative, threatening
species with regional or global extinction
(Maclean and Wilson 2011). Ecosystems may suf-
fer loss of function as a result of the loss of species
(Tomimatsu et al. 2013). Other bird species may
benefit from change (Thomas et al. 2010). Still
others may be impacted but in ways that do not
affect populations. For example, mismatches bet-
ween the timing of breeding and the timing of
peak food availability induced by climate change

may reduce reproductive success but sufficient
young may still be produced to maintain the
population at current levels (Chamberlain and
Pearce-Higgins 2013; Reed et al. 2013). The
response to these impacts may be gradual or
abrupt, the latter being particularly unpredictable
and the result of populations reaching demo-
graphic thresholds of stress.

For managers, the impacts of ultimate con-
cern will mainly be regional or global extinction
and loss of ecosystem function. More immediate
concerns such as the spread of invasive or com-
petitive species lead to ultimate concerns
through their negative effects on species and
ecosystems, and here we treat the spread of
invasive species as one of many processes
driving concern rather than the cause of concern
itself. It is beyond the scope of this chapter for
us to review such processes, which might
include (but are far from restricted to): range
shifts in response to shifts in climate envelopes
(Parmesan and Yohe 2003); intolerance of
extreme climatic events such as drought (e.g.
MacNally et al. 2009); loss of habitat or resources
(Cahill et al. 2013); mismatches in the timing of
breeding or migration in relation to weather and
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Management options for bird conservation in the face of climate change 69

resources (Thackeray et al. 2010); and changes
to the balance of interspecific competition
(Urban et al. 2012).

Rapid and uncertain change presents an enor-
mous challenge for wildlife managers. If we are to
avoid widespread extinction and loss of eco-
system function then we must equip ourselves
with new ways of thinking and a new and/or
reinforced toolkit of management actions. This
chapter builds on the Australian context to
explore how we might deal with the challenges
likely to face birds as a result of climate change
over the next half-century. We first introduce
some general management principles, then detail
options for action and finally briefly explore
issues surrounding the timing of management
responses. A more detailed outline of management
options is provided by Franklin et al. (2014). A
comprehensive analysis of climate change
adaptation and Australian birds is found in
Garnett et al. (2013) and Garnett and Franklin
(2014).

9.2 The purpose of management in
the face of climate change

As climate changes, those goals of conservation
that are implicitly based on the assumption that
climate is static must be set aside (Hannah et al.
2002). The pre-European state of Australian eco-
systems, often held as an aspirational goal for
conservation, will become increasingly irrele-
vant. Protected areas may end up conserving
something quite different to that which was
originally intended (Monzon et al. 2011). Some
species may need to be moved to new locations,
challenging concepts of ‘native’ and ‘invasive’
(Webber and Scott 2012). Fundamental values
embodied in current legislation, such as subspe-
cies being the basic units of conservation, will
be undermined by both natural and assisted
movements. There will also be new human
dimensions. What levels of assisted colonisation
will the public tolerate? Will a species or sub-
species that can persist only in captivity because
its environmental envelope has disappeared

continue to attract the necessary levels of expen-
diture for its survival?

9.3 General principles

Climate change is one among many threats
(stressors) facing species, and the impact of cli-
mate change may be hidden by threats that seem
more imminent. Negatively, the synergy of
threats may well be worse than the sum of each
(Brook et al. 2008); positively, it can mean that
the mitigation of other threats is an appropriate
(and more tractable) response to the threat posed
by climate change (CCWAPWG 2009). This
means that existing responses will need to be
reinforced alongside the implementation of novel
strategies (Lawler et al. 2010).

9.3.1 Strategies in the face of uncertainty

Types of uncertainty include unpredictable and
often stochastic fluctuations in populations
(Sinclair et al. 2006), ignorance about the rela-
tionship between a species’ fundamental and
realised climatic niche (Veloz et al. 2012), impre-
cision in climate projections at a local scale
(Timbal et al. 2009), the likelihood that some cli-
mate components will change in abrupt steps as
thresholds are breached (Lenton et al. 2008) and
lack of a climatic benchmark (Head 2012).
Possible management responses to ecological
uncertainty include prioritising actions where
current knowledge levels are high (Groves et al.
2012) and where detailed local projections of cli-
mate change and its impacts are not needed
(Cross et al. 2012), and to practice adaptive
management in a risk management framework
(Conroy et al. 2011).

9.3.2 Three conceptual goals for conservation

Three conceptual goals for conservation are:
avoiding the effects of climate change (resis-
tance); promoting resilience to the impacts of
climate change; and facilitating a response to it
(Millar et al. 2007; Prober et al. 2012). Resistance
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Table 9.1 Management options for the conservation of birds in a climate-change world (modified extensively from
Mawdsley et al. 2009, see also Garnett et al. 2013, Shoo et al. 2013).

Management type

Practical options

Do nothing -
Maintain and enhance habitat

Expand the protected area network; maintain and improve habitat

quality; identify, protect and expand refugia; maintain and extend
landscape connectivity; create new habitats

Facilitate the response of wild
populations (intensive species
management)

Assist colonisation by translocation; enhance the genetics of subspecies;
manage other threatening processes (e.g. by predator control, habitat
manipulation, captive breeding)

Preserve populations (the last resort)  Save species in captivity; store germplasm

Understand and prepare for what is
happening

Monitor bird populations (general surveys e.g. Atlas; targeted species-
specific monitoring); monitor habitats and threatening processes;

investigate the ecology of species and communities; model habitat and
climate envelopes in more detail; model management options

extends current management practice with cli-
mate change just another threat, and resilience
combines current practice with new measures
that increase population size or habitat area
(Morecroft et al. 2012). The response goal
acknowledges the need for inventive responses
beyond current management.

9.3.3 Heirarchical adaptive management

A hierarchical approach to adaptive management
is recommended in which steps increase in
intensity, dollar cost, potential adverse environ-
mental consequences and uncertainty as required
(Table 9.1). The baseline is to do nothing. This
should, however, only be considered where the
consequences have been articulated, where mon-
itoring is in place and where there is a commit-
ment to institute management if circumstances
change. As a second step, existing habitat can be
maintained or enhanced by: expanding the pro-
tected area network; maintaining and improving
habitat quality; identifying, protecting and
expanding refugia; maintaining and extending
landscape connectivity; and creating new habi-
tats. Third, facilitating the response of wild popu-
lations through intensive species management
would comprise actions such as: assisting coloni-
sation by translocation; enhancing subspecies

genetics; or targeted management of other threat-
ening processes by, for example, predator control,
habitat manipulation or supplementary captive
breeding. Finally, and as a last resort, populations
can be preserved in captivity or as germplasm.
Informing all this is monitoring and research to
identify trends and understand the processes
underpinning them.

9.4 Actions

9.4.1 Maintaining and enhancing habitat

Enhancing protected areas

For many species, the retention of habitat through
a network of public and private protected areas
on both land and on sea will be even more critical
in the face of climate change (Hannah et al. 2007).
This must include both intact and fragmented
landscapes (Van Teeffelen et al. 2012) and must
anticipate geographic shifts in climate if they are
to be effective into the future (Hole et al. 2011). A
coastal drift of climate space for many birds of
south-eastern Australia (VanDerWal et al. 2013)
and global sea-level rises (e.g. Thorne et al. 2012)
presages conflict with some intensive land uses
which requires anticipatory management. Some
opportunities for reservation may arise in settled
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districts where climate change renders farmland
commercially unviable.

Enhancing habitat quality

An extensive body of research suggests that
functional redundancy — in which more than one
species serves a particular function within an
ecosystem, e.g. dispersing fruit — and structural
diversity provide strong support for species, so
retaining or improving habitat quality will be an
essential climate change adaptation strategy for
many species. In an Australian context, weed and
feral animal control and fire management will con-
tinue to be essential management goals, but may
need to be intensified. Current prescriptions may
well need to be tailored to new circumstances.

Refugia

A key management strategy will be the identifica-
tion, protection and enhancement of places that
will serve as climate refugia into the future.
Refugia are places where the habitat and resources
that a species needs are buffered against direct
(e.g. temperature, moisture) and indirect (e.g.
interactions, fire) impacts of climate change
(Keppel et al. 2012). These might include, for
example, mountain ranges, valleys, watercourses,
springs and wetlands (Reside et al. in press).
Refugia demonstrably facilitated the persistence of
many species during the Ice Ages (e.g. Byrne 2008
for southern Australia). They need to be large
enough for long enough to retain a genetically
viable population (Ovaskainen 2002) and ideally
be accessible for species to disperse to unaided.
Three approaches can be taken to identify refugia
(Ashcroft 2010): modelling of places where ana-
logue climates will persist into the future
independent of species (e.g. Mackey et al. 2012);
identification of places where individual species
are likely to persist; and identification of places
where species have persisted in the past.

Ecological connectivity

Many bird species have already tracked
geographical shifts in climate (Tingley et al.
2009; Brommer et al. 2012). For some, this
movement will be prevented by a range of

physical barriers. The 2000 km band of semi-arid
vegetation may well prevent birds that inhabit
the forests of south-western Australia from
tracking their climate niche to forests in eastern
Australia, for other species, however, barriers
such as cleared land (e.g. Doerr et al. 2011), the
ocean separating islands or even unsuitable
habitat such as forests or rivers may operate at
more local scales. The management response is
to ensure that connectivity between current
and potential habitat is retained or enhanced
(Groves et al. 2012). Ecological connectivity also
enhances the resilience of local populations
through retention of metapopulation structure
(Van Teeffelen et al. 2012). Planning for landscape
corridors is well-advanced in Australia,
enhancing the legacy of extensive tracts of
uncleared habitat (DSEWPC 2012). In planning
connectivity for birds, it is useful to characterise
the species most likely to benefit from this form
of management. Small species cross gaps less
readily than large species (Lees and Peres 2009),
and sedentary species and habitat specialists,
especially those from closed vegetation, are
often more reluctant to cross gaps than migrants,
nomads or species of open habitats (Harris and
Reed 2002). Birds with high dispersal capacity
may not require connectivity (Mokany et al.
2013), whereas those with low dispersal capacity
may not even be able to make use of corridors
(Johst et al. 2011). With these qualifications in
mind, investment in connectivity should be
appraised carefully against other management
options including assisted colonisation (see
‘Assisted colonisation’ in Section 9.4.2).

New habitats

Climates and communities with no previous
analogue (Garcia-Lopez and Allue 2013 and
Urban et al. 2012 respectively) may call for new
habitats. Given time lags and expense, it is
important to identify potential Dbeneficiary
species and have a clear understanding of the
values underlying the management intent, espe-
cially where new habitats might be required to
replace climate-change-induced degradation
within existing natural areas. These issues have
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already received some appraisal with respect to
plants (Booth and Williams 2012).

9.4.2 Intensive management

Assisted colonisation

Moving species to places they have never been
recorded in anticipation of climate shifts is a
logical but controversial extension to existing
management practices for threatened species of
creating insurance populations and restoring
those that have been lost (Hoegh-Guldberg et al.
2008; Thomas 2011). Assisted colonisation may
also be employed to retain or restore ecosystem
function (Lunt et al. 2013), for example to ensure
that bird-pollinated plants have a bird capable of
pollinating them present in the ecosystem. The
process entails risks to source populations,
founder individuals and the receiving ecosystem
that require careful appraisal (Schwartz et al.
2012). Issues relating to timing (McDonald-
Madden et al. 2011), genetics (Weeks et al. 2011),
policy (for Australia, Burbidge et al. 2011) and the
mixed success of previous reintroductions (for
Australia, Sheean et al. 2012) have been reviewed.

Enhanced genetics

Many Australian bird subspecies are likely to
lose their climate space over coming decades, but
the new climate within their current range will
often become suitable for another subspecies
(Garnett et al. 2013). Assuming that subspecies
have specific adaptations to their current climate
spaces, this suggests that the survival of the
population is likely to become maladapted over
time may be enhanced by genetic augmentation
from the other subspecies (Thomas et al. 2013).
Deliberate enhancement also brings risks of out-
breeding depression and disease transmission, but
these seem relatively minor (Weeks et al. 2011).

9.4.3 Preserving populations

Captivity

Populations of some bird species already exist
only in captivity, though nearly always there is
hope of reintroduction to the wild. With climate

change, reintroduction may not be possible in
the foreseeable future so long-term or permanent
ex situ conservation must be among the potential
management tools as an alternative to extinction
(Pritchard et al. 2012). This raises substantial eth-
ical, technical and economic questions which
have been explored in the context of captive
breeding to enhance the conservation of wild
populations, including: (1) captive populations
are rarely self-sufficient; (2) captive breeding is
often expensive; (3) captive populations often
drift into domestication and inbreeding; (4) dis-
ease is common; and (5) administrative conti-
nuity is rare (Snyder et al. 1996; Araki et al. 2007;
Christie et al. 2012). The considerable cost calls
for prioritisation (Joseph et al. 2009) and strategic
use of private as well as public resources (Cannon
1996). Conflict may also arise between the need
to maximise the number of founders needed for
genetic viability of a captive populations and
attempts to save a species in the wild (McDonald-
Madden et al. 2011).

Germplasm and code

The technologies for storage of the germplasm,
embryos, blood products, tissue and DNA of
birds, probably the very last option for biodiver-
sity conservation (Wildt et al. 1997) are devel-
oping rapidly (Glover and McGrew 2012). Both
semen and primordial germ cells can now be
stored cryogenically and used to fertilise host
embryos (Wernery et al. 2010). The technology
may be the only practical way to preserve the
exact genetic make-up of original forms that, in
some unforeseeable future, could be re-established
in the wild. The recreation of organisms from
their DNA code is currently in the realm of sci-
ence fiction, but coding technologies have
improved exponentially in the last decade.

9.4.4 Monitoring and research

Monitoring

The appropriate timing of intervention in the face of
climate change relies heavily on our understanding
of population numbers and trends as well as change
to habitat and ecological and threatening processes
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(McDonald-Madden et al. 2011). Ecological sur-
prises are inevitable (Doak et al. 2008) and require
early detection if the response is to be adequate.
Monitoring of Australian birds is patchy at best
and absent at worst (Lindenmayer et al. 2012),
although atlas schemes have provided baselines
for all but the rare species (Blakers et al. 1984,
Barrett et al. 2002, 2003). Monitoring of habitats
and threatening processes may in some circum-
stances serve as adequate proxies (Lindenmayer
and Likens 2010), but this monitoring too is cur-
rently of limited extent.

Research

Monitoring may identify trends but more detailed
research is required to identify their drivers and
thus optimal responses. Research will usually be
required to identify the contribution of climate
change to observed declines (though this in itself
may not be productive; Parmesan et al. 2013) along
with the demographic and ecological processes
underlying it. For example, declines may be a direct
response to climate-induced changes in resources
or an indirect response via changes to interspecific
interactions. Field research on species and com-
munities should be complemented by modelling
of habitat, climate envelopes and management
options; Harris et al. (2012) provides an Australian
avian example of this.

9.5 Timing and continuity

For successful climate change adaptation, some
actions must begin immediately while others can
wait for the results of monitoring; some actions
will be one-off while others will need to be
ongoing. This yields a four-way matrix of action
categories. Immediate one-off actions might
include land purchases, assisted colonisation of
species already seriously threatened by climate
change, surveys of little-known species or sub-
species to create a baseline for future compari-
sons and the identification of refugia. Ongoing
actions starting now include monitoring and
management and captive breeding for species

already seriously threatened (Garnett et al. 2011).
Future one-off and ongoing actions will primarily
be those identified as necessary in response to
monitored trends.

9.6 Conclusion

Managers are not helpless in the face of climate
change. However, the range of options available
is not large and it cannot be stated strongly
enough that mitigation is by far the cheapest and
most effective way to retain our biodiversity.
Even though the Australian avifauna has been
winnowed by a tough environmental history, the
combination of pressure from climate change and
other anthropomorphic environmental change
will make retention of all — or even most — bird
species (and subspecies) exceptionally challeng-
ing. Substantially greater funds will be needed
and, even then, strong prioritisation of actions
will be essential (Wilson et al. 2006; Joseph et al.
2009). Society will need to debate difficult
decisions about how it values biodiversity.
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