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ABSTRACT

Over the past twelve years the number of papers that explore the impacts of
climate change on biodiversity in the conservation literature has grown on
average by 20% annually. By categorising these papers on their primary
research questions, we show that the vast majority of these articles (88.6%)
focus only on those impacts that arise directly as a result of climate change,
ignoring the potentially significant indirect threats that arise from human adaptation responses. This pattern has remained fairly consistent throughout the
review period (2000–2012), with a trend towards more articles considering both
direct and indirect impacts towards the end of the period. We also find a bias
in the time-frames considered by published articles that project future impacts
of climate change on biodiversity, with more than three-quarters (77.9%) of
papers only considering impacts after 2031, and almost half (49.1%) only
considering impacts after 2051. This focus on long-term, direct impacts creates
a mismatch, not only with the life-cycles of species and timescales of many
ecological processes, but also with most management and policy timelines and
the short-term nature of human decision making processes. The focus on
studying the long-term, direct impacts of climate change on biodiversity is
likely a function of the lack of availability of climate projections on shorter
temporal scales; a perception that short-term impacts will be minor; and, insufficient integration with the social and political sciences. While the direct impact
of changes in mean climatic conditions will significantly change the biosphere
by the end of the century, near term changes in seasonality and extreme events
coupled with human adaptation responses are likely to have substantial impacts
much sooner, threatening the survival of species and ecosystems. It is therefore
essential that we balance our research efforts to facilitate a better understanding
of these more imminent threats.
Keywords
Adaptation planning, climate change, conservation, direct effects, extreme
climate, extreme weather, indirect effects, time-scale, vulnerability.

Anthropogenic emissions of greenhouse gases have committed the Earth to higher global temperatures, altered rainfall
patterns, sea level rise and increases in the frequency of
extreme weather events, among other impacts (IPCC, 2013).
The long-term consequences of climate change for biodiversity are likely to be severe with the most conservative estimates suggesting at least 10% of species could face extinction

by 2100 (Maclean & Wilson, 2011). Some of the impacts
being reported in the literature include: shifting or shrinking
species ranges across the globe (Parmesan & Yohe, 2003),
changes in phenology leading to reduced fitness (Lane et al.,
2012), mass coral bleaching events (Hughes et al., 2003), and
complex changes in community composition and species
interactions (Thomas, 2010).The effects of climate change
on biodiversity are further shaped by complex interactions
with other threatening processes such as habitat loss and
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fragmentation, direct exploitation, invasive species, pollution,
and disease (Brook et al., 2008; Jackson, 2008; Turner et al.,
2010; Hof et al., 2011; Mantyka-Pringle et al., 2012).
Climate change is also reshaping the ways in which people
use the landscapes and seascapes they live in (Watson, 2014).
Changing precipitation and temperature patterns are reducing the productivity of some arable lands (Parry et al., 2005)
and creating new opportunities for cultivation in other areas
(Bradley et al., 2012; Wheeler & von Braun, 2013). The
impact of these changes will alter the pattern and intensity of
managed lands and thus the impact on biodiversity, and
opportunity costs of conservation in production landscapes.
Other human adaptation responses which are likely to exacerbate threats to species and ecosystems include construction
of sea walls to protect against sea level rise, changing patterns
of fishing intensity, diversion and large-scale storage of
water, and the planting of non-native forestry tree species
which are better suited to changed climatic conditions (Mendelsohn, 2000; Grantham et al., 2011; McClanahan & Cinner,
2011). The effects on biodiversity that arise from the efforts
of people to respond to climate change, which are ongoing
and will only accelerate in the future as the Earth’s human
population continues to grow and climate change proceeds
(IPCC, 2012), are defined here as the ‘indirect impacts’ of
climate change. All other climate change impacts, including
those which act through an interaction with another ecological process such as competition or predation from invasive
species or trophic mismatches, are defined here as the ‘direct
impacts’ of climate change.
Halting biodiversity loss in the long-term requires careful
formulation of conservation management strategies that are
robust to the full range of climate change impacts, both direct
and indirect. For adaptation planning and practice to be successful it needs to be informed by science that provides unbiased estimates of which species, in which places, are likely to
be at risk and which actions are necessary to try to ensure
their persistence (Whittaker et al., 2005; Bellard et al., 2012;
Watson et al., 2013). Recent reviews of the vulnerability of
biodiversity to climate change have summarised different
modelling and methodological aspects of predicting future
impacts (Dawson et al., 2011; McMahon et al., 2011; Mokany
& Ferrier, 2011; Sieck et al., 2011); and examined the effects
of synergies between climate change and other threatening
processes (De Chazal & Rounsevell, 2009; Nobis et al., 2009;
Yates et al., 2010; Bradley et al., 2012; Mantyka-Pringle et al.,
2012). Surprisingly, no study to our knowledge has evaluated
the broad foci in the literature in terms of the way in which
vulnerability to climate change is being assessed, and crucially, asked whether we are in fact asking the right questions
in the first place.
Here we look at two specific issues related to the broader
treatment of climate change as a threat to biodiversity in the
conservation literature. First, we examine the evidence that
research examining the vulnerability of species or ecosystems
to climate change is primarily focused on the direct impacts
of climatic changes such as increased temperatures or
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changes in precipitation as opposed to indirect impacts. As
described above, for the purposes of this study we defined
the ‘direct’ impacts of climate change to be all those impacts
which arise as a result of changes to the climate (e.g. coral
bleaching, changes in phenology, habitat loss from sea-level
rise etc.), even where those changes act through an interaction with another threat (e.g. habitat loss), or with an ecological process (e.g. fire, predation, invasive species etc.).
Impacts which arise from the actions taken by humans to
adapt to climate change (e.g. shifting patterns of agriculture,
building of coastal defences, etc.), sensu Turner et al. (2010),
were defined as ‘indirect impacts’. Second, we examined the
time frames of published research to determine if there was
a greater focus on predicting impacts in the long term versus
shorter, more imminent time frames.
ASSESSING FOCI IN CLIMATE CHANGE
VULNERABILITY ASSESSMENT IN
CONSERVATION JOURNALS
The level of interest in climate change in the conservation
science discipline has grown substantially over the past decade. We conducted a search on the Web of Science Database
in February 2013 using the term ‘climat* chang*’ and refined
to the seven highest ranking ‘biodiversity conservation’ journals by impact factor (Global Change Biology, Diversity and
Distributions, Conservation Biology, Ecography, Biological Conservation, Conservation Letters and Animal Conservation). In
total, 941 articles matching these criteria were published
between January 1 2000 and December 31 2012. The number
of papers published annually increased from 24 in 2000 to
141 in 2012, an average annual growth rate of 20% (Fig. 1).
To categorise the literature into direct and indirect
impacts studies, we first identified ‘empirical’ articles
(n = 748; 79%; Fig. 2), defined as those articles which made
observational assessments of species and ecosystems
responses to climate change, predictions based on observational work, conducted experimental assessments of the likely
impacts of climate change or made predictions based on
experimental work. The remaining ‘others’ included policy
and philosophical perspectives, opinion pieces and literature
reviews (n = 193; 21%; Fig. 2). We then further classified the
‘empirical’ articles to those that assessed the vulnerability of
a species, species assemblages or ecosystem to climate change
(n = 402; 54%; Fig. 2), and those that did not assess vulnerability (n = 346; 46%; Fig. 2). The majority of the latter
either documented observed climatic change or evaluated a
management plan. Finally, using the above definitions, we
further classified the 402 articles that assessed vulnerability
into three categories (Fig 2): (i) those studies that only dealt
with direct impacts (n = 356; 89%); (ii) those studies that
only dealt with indirect impacts (n = 0); and, (iii) those
studies that dealt with both indirect and direct impacts
(n = 46; 11%).
Of the 402 articles that were classified as a vulnerability
assessment, we extracted those which projected future
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Figure 1 Number of studies in the published literature on the
impact of climate change on biodiversity between January 1st
2000 and December 31st 2012, based on a Web of Science
search using the term ‘climate chang*’ and refined to the seven
highest ranking ‘biodiversity conservation’ journals by impact
factor (Global Change Biology, Diversity and Distributions,
Conservation Biology, Ecography, Biological Conservation,
Conservation Letters and Animal Conservation).

impacts of climate change on species or ecosystems over a
defined time period (n = 177; 44%; Fig. 2). The remaining
articles (n = 225; 56%) either used an unknown time-frame
in their projections, or only considered impacts which had
already occurred up to the present day. We then defined six
time horizons over which projections were made (Fig. 2)
and categorised the articles accordingly: present – 2030
(n = 3; 2%); present – 2050 (n = 6; 3%); present – beyond
2051 (n = 30; 17%); 2031–2050 (n = 22; 12%); 2031 –
beyond 2051 (n = 29; 16%); and 2051 onwards (n = 87;
49%). For clarity, we collapsed these to three categories
(Table 1): short-term only (pre-2030 only; n = 3); short and
long term (a time period between the present and beyond
2051; n = 36); and long term only (beyond 2031 only;
n = 138). Two papers considered a time-frame that began
prior to the present day, to beyond 2051. These papers were
included in the category present – beyond 2051.
Once all articles had been assigned to categories, the first
60 articles were re-examined and re-classified to ensure the
classification had not changed over the course of the
research. This is similar to the method used by Heller & Zavaleta (2009), who periodically re-shuffled and re-classified
articles in their review to ensure the classification did not
differ based on when the articles were read.
A DOMINANCE OF STUDIES THAT ASSESS
DIRECT IMPACTS
The vast majority (n = 356, 88.6%) of the papers that assessed
vulnerability considered only the direct impacts of climate
change, while 46 (11.4%) papers considered both direct and
indirect impacts. We found no papers that only addressed
indirect impacts (Table 1; Fig. 2). While no papers considered

both direct and indirect impacts between 2000 and 2003,
between 2004 and 2012 between 3 and 20% (mean = 12.8%)
of papers each year considered both types of impact.
Thus, the focus of vulnerability research to date has
principally been on the ecological responses of species and
ecosystems to changes in direct climatic drivers, as opposed
to taking a more holistic approach which also incorporates
how the human response to climate change will also
impact species and ecosystems. These indirect impacts,
however, may be as much, if not more, of a threat to species and ecosystems, than the direct impacts of climate
change (Paterson et al., 2008; Turner et al., 2010; Watson
& Segan, 2013). For example, Wetzel et al. (2012) examined the potential change in habitat availability for selected
mammal species as a result of both direct effects of future
sea-level rise and indirect effects through the relocation of
urban areas and intensive agricultural land as people are
displaced from the coast, for islands in Southeast Asia and
the Pacific. They predict that the indirect impacts of sea
level rise could be equal to or greater than the direct
impacts (Wetzel et al., 2012). This is not an isolated example; most biodiversity is already impacted by multiple
threatening processes aside from the direct impacts of climate change (Hoffmann et al., 2010), and ignoring how
these threatening processes will change due to climate
change is likely to grossly underestimate the risk (e.g. Jetz
et al., 2007).
The bias these results show in the way that conservation
scientists are assessing the impact of climate change on species and ecosystems likely arise in part from the predominance of ecologists in the field of conservation science with
little or no background in the social sciences (Knight et al.,
2008) as well as the relative ease with which direct impacts
can now be modelled owing to the range of bioclimatic
models that relate species distributions to aspects of climate
(Keith et al., 2008; Kearney & Porter, 2009).
Accounting for the indirect impacts requires dealing with
the inherent difficulties in trying to adequately capture and
forecast diverse processes including land-use change, human
displacement and altered resource utilization patterns
(Turner, 2010). The factors that drive land-use change and
deforestation are complex and the importance of each driver
varies across countries and regions making the patterns hard
to predict (Bawa & Dayanandan, 1997). Forecasting indirect
impacts also requires an understanding of how government,
market forces and other factors affect where and how people
live (Turner, 2010). Despite these challenges, recent work has
made progress in understanding the complex dynamics of
social ecological systems and assessing likely system response.
For example, Hein et al. (2009) constructed a socio-ecological model for a pastoralist system in the Western Sahel that
allowed exploration of how changing precipitation regimes
will impact local livelihoods given alternative scenarios for
grazing and livestock prices (Hein et al., 2009). They demonstrated that local incomes are likely to suffer from both
decreasing rainfall and increased rainfall variability, but that
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Figure 2 Schematic diagram of the classification criteria used to ascertain the numbers of research papers published in the top seven
ranked journals in conservation biology between 2000 and 2012 which considered direct vs. indirect, and long vs. short term impacts of
climate change. Papers were first classified based on research methodology, separating empirical from non-empirical studies. Empirical
studies were then classified as either a vulnerability assessment of a species or ecosystem to climate change, or other pieces of work. The
vulnerability assessments were then classified into three categories: (i) studies that only dealt with direct impacts, (ii) studies that only
dealt with indirect impacts, and (iii) studies that dealt with both indirect and direct impacts. We further categorized the articles that
undertook vulnerability assessments to those that evaluated future impacts of climate change versus those articles that only evaluated
vulnerability up to the current period. For those studies that predicted future impacts, we further classified each study based on the
temporal extent of impact considered to three broad time periods (pre-2030, 2031–2050, and beyond 2051). Numbers in parentheses are
the number of papers in each category.
Table 1 A matrix of the number of research articles that
considered the predicted impacts of climate change on
biodiversity, broken up into temporal scale of the research
(short, long, and short and long) and types of impact (direct,
indirect or both) assessed
Temporal scale of analysis
Focus of
vulnerability
assessment

Short only
(now to 2030)

Both short
and long

Long
(beyond
2031)

Indirect only
Both
Direct only
Total

0
2
1
3

0
3
33
36

0
23
115
138
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altered stocking patterns could offset some of the loses. This
type of research that focuses on understanding both the vulnerability and likely response of people provides information
that is likely critical for identifying and mitigating these
changing impacts on local conservation objectives (Watson,
2014).
A number of recent studies have begun to incorporate
indirect impacts into conservation vulnerability assessments.
For example, Bradley et al. (2012) recognized that reduced
crop suitability and food scarcity in subsistence areas in
South Africa may lead to the exploitation of protected areas
for food and fuel. By investigating how crop and maize suitability will change under different climate scenarios, they
showed that 328 protected areas in the country are likely to
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be hotspots for future conflict between human adaptation
and conservation. At more regional scales, models like
IMAGE (which provide spatially explicit scenarios for future
land cover based on forecasted changes in demography,
resource utilization and climate change) have been integrated
into vulnerability assessments of species and ecosystem services to account for indirect impacts (Jetz et al., 2007; Metzger et al., 2008; Visconti et al., 2011). Visconti et al. (2011),
for example, used models of forecasted habitat suitability
under climate change for 5086 terrestrial mammals and four
scenarios for future land cover sourced from the IMAGE
model to identify areas where mammals are most likely to
lose habitat to either human induced land-use change or
change in climatic suitability. They found that when both
drivers of habitat loss were considered the countries identified as future conservation priorities varied considerably
from those identified as current conservation priorities.
A FOCUS ON THE LONG-TERM
More than three quarters of articles that forecast future
impacts of climate change (n = 177; Fig 2) only considered
impacts after 2031 (n = 138; 77.9%; Table 1), and approximately half only considered impacts after 2051 (n = 87;
49.1%; Fig. 2). This pattern was consistent over the publication years considered by this study.
These results show that as a scientific community we have
focused primarily on the continuous, long-term impacts of
climate change and are ignoring the short-term, discrete
impacts (Watson et al., 2011). While the long-term impacts
of climate change on species and ecosystems will be severe,
including the possible extinction of many plant and animal
species (IPCC, 2007; Maclean & Wilson, 2011), focusing
mostly on these impacts is likely to be inadequate to understand, manage and mitigate the impacts of climate change,
which are both discrete and continuous and can have devastating consequences for biodiversity (Corlett, 2011). For
example drought events are linked with population die-offs
of large mammals (Young, 1994; Foley et al., 2008) while
extreme flood events have been found to shape the distribution of riparian plant species (Vervuren et al., 2003) and species habitat utilization (Sarma et al., 2012), and can result in
changes in population structure (Heinen & Kandel, 2006).
The temporal resolution of most long term studies, often
30 year mean climatic conditions, is wholly insufficient to
capture the impact of decadal or annual trends, let alone the
sub-annual climate events to which the life histories of
species are often intimately linked, or entirely dependent
upon.
The predominance of work exploring long-term impacts is
unsurprising given that climatologists have greater confidence in forecasts of longer-term patterns based on 20 or
30 year averages, than in predicting short-term annual and
sub-annual changes (IPCC, 2007). Furthermore, extreme
events (e.g. drought, flood, cyclones) are, by definition, rare,
and thus both prediction of their future frequency and the

detection and attribution of changes in past frequency are
difficult (Seneviratne et al., 2012). This lack of confidence in
predicting short-term climatic means and climatic extremes
has meant that the datasets available for use in species distribution modelling and other common techniques used by
conservation scientists have been limited to projection of
long-term mean climatic conditions. Despite the uncertainties in predicting exactly where or when an extreme event
will occur there are examples of efforts to integrate the
impact of such events into conservation vulnerability assessments. Ameca y Juarez et al. (2013), for example, used information on the historic distribution of cyclones and droughts
and range maps for 5760 mammals to identify areas were
mammals are most likely to be exposed to two extreme
events. They found that 31.9% of terrestrial mammals are
significantly exposed to either cyclones or droughts, and suggest that the IUCN Red List of Threatened Species may
vastly underestimate the number of species impacted by
extreme events (Ameca y Juarez et al., 2013).
Finally, it is important to note that the focus on the longer
term persists in studies that consider both direct and indirect
impacts of climate change (Table 1). This may be particularly problematic given that human adaptation responses are
ongoing, hence indirect impacts on biodiversity will manifest
over short as well as longer time-scales (Bradley et al., 2012;
Wheeler & von Braun, 2013). Furthermore, many human
adaptations arise in response to the increased risk of extreme
events (Berrang-Ford et al., 2011), for example construction
of sea walls to protect against high tides or water storage systems to protect against droughts, both of which are likely to
occur in the short as well as longer term (Grantham et al.,
2011).
CONSEQUENCES FOR ADAPTATION PLANNING
AND ACTION
This study has highlighted a dominant focus in the conservation literature that needs to be addressed. While the growth
of climate-oriented research is encouraging, the majority of
vulnerability research has focused on assessment of longterm, direct impacts. Although there is still more important
work to be done on understanding these impacts and refining existing models (Huntley et al., 2010), it should not
come at the expense of a holistic understanding of climate
change that includes the impact of short-term, acute events
and indirect impacts caused by human adaptation responses.
This is in part because the life-cycles of species and the timescales of many ecological processes are typically shorter than
the long-term time-frames considered by most of the conservation literature reviewed here. However, it is also important
in relation to policy decisions as political cycles in most
democracies are typically three to 5 years which means that
many decision-making processes are happening over timescales better matched to the short-term, indirect impacts of
climate change (Day, 2013). Politicians who wish to be (re)
elected are likely to gain from distributing funds to projects
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of immediate concern to their electorate (e.g. Krueger, 1974).
It may therefore be more challenging to have policy enacted
based on impacts solely projected to happen in the distant
future. Behavioural economics tells us that people tend to
place a higher value upon rewards received immediately than
those received in the future (e.g. Thaler, 1981; Frederick
et al., 2002; Wittmann & Paulus, 2008). Thus, if the goal of
vulnerability assessments is to facilitate adaptive action, then
it logically follows that research questions should be tailored
to inform and motivate policy and practice.
This research has shown that in the conservation literature, if not the conservation community, we have become
too accustomed to looking at the long-term implications of
climate change and by forecasts of what the planet may look
like in five decades or at the end of century. While these
long-term impacts are important, almost all lines of evidence
show that species and ecosystems are becoming increasingly
threatened by climate change and non-climate stressors that
are occurring now (IPCC, 2013). These short-term, indirect
impacts are the figurative ‘bumps in the road’ that we must
be able to navigate to ensure their survival. Incorporating the
indirect impacts and short-term climate changes into
research, vulnerability and monitoring assessments and subsequent decision-making will require significant changes in
the methods conservation scientists currently use, including
greater focus on social, economic and political issues. The
benefits to biodiversity will also be significant, in the form of
conservation responses that truly address the full range of
climate change impacts.
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