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a b s t r a c t
Extreme weather events are likely to increase in the coming decades which may have severe consequences on
biodiversity. As conservation funding is limited, identifying priority areas for conservation of species prone to climatic impacts may improve the beneﬁt of conservation investments. As part of its Biodiversity Action Plan, China
is carrying out an initiative to evaluate new threats from climatic impacts by 2030 in Priority Areas for Biodiversity Conservation (PABCs). Focusing on ﬂoods, which are exhibiting an increasing trend in recent decades in the
country, we generated information for such an initiative. We investigated contemporary ﬂood exposure and species internal refugia for all amphibians, birds, and mammals within the 32 terrestrial PABCs of China. Amphibians
comprised the greatest number of species at signiﬁcant ﬂood exposure followed by mammals and birds (~90%,
~81%, ~52% of the total species richness in the country, respectively). However, availability of ﬂood-free internal
refugia N10% and ≤25% was found for ~15% mammals, ~29% birds and ~1% amphibians. Large areas within PABCs
are highly exposed to ﬂoods. Species in these areas possessing traits that contribute sensitivity and low adaptability to ﬂood disturbance are the ones expected to face negative delayed effects from past exposure, or to possess
less resilience to future impacts, including human activities. In the face of multiple threats we call for implementation of cost-effective strategies that strengthen ongoing conservation actions in ﬂood-prone areas and refugia
(e.g., landscape connectivity, habitat restoration, afforestation) to better assist in the allocation of limited resources for protecting vulnerable species.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
Climate change has already altered and will continue shaping the occurrence of extreme weather events in the coming decades
(Seneviratne et al., 2012). Substantial progress is being made in
projecting changes in climatic conditions and inferring their potential
future effects on species conservation (Thomas et al., 2004) and several
frameworks are already available for assessing vulnerability (Paciﬁci
et al., 2015). However, less attention has been given to the assessment
of extreme weather events (Jentsch et al., 2007; Ameca y Juárez et al.,
2013; Royan et al., 2014). This is worrying as such discrete and extreme
phenomena (e.g. cold waves, ﬂoods, heat waves, hurricanes, snowstorms, typhoons) rather than changes in average climatic conditions
can trigger sudden and severe changes in the environment in a short
term with devastating consequences on species and populations, and
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hence posing a great challenge for present-day conservation prioritization and management (Jones et al., 2016).
The occurrence of extreme weather events is naturally bounded in
particular regions as a result of physiographic characteristics and climatic conditions becoming a normal environmental feature for resident
biota (Parmesan et al., 2000). Recurrent exposure of species to these
phenomena is expected to shape behavioural and physiological adaptations over evolutionary time, hence reducing their vulnerability of extinction from this source (Lande et al., 2003). Yet, evidence from ﬁeld
observations revealed that species that have a history of exposure to extreme phenomena can experience severe population declines with increased activity of these phenomena (Sidle et al., 1992; Waite et al.,
2007). With the anticipated changes in the frequency and intensity of
extreme weather events an increase in current levels of exposure can
supersede species' coping strategies acting as buffers against disturbance or allowing fast recovery from population die-offs. This might
be especially true for those species' intrinsically vulnerable that are
gradually being more weakened by anthropogenic impacts (Laurance
and Useche, 2009; Dickinson et al., 2015).
Shaped in part by human-induced climate change, ﬂoods are parts of
a new pattern of more intense extreme weather across the globe in recent decades (Milly et al., 2002; IPCC, 2012). As with other extreme
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events, ﬂood formation can have several contributing factors coupled
with climatic and hydrological conditions such as terrain slope, soil permeability, and loss of vegetation cover (Bradshaw et al., 2007). In China,
the combination of these elements in conjunction with accelerated land
transformation is enabling the frequent occurrence of ﬂoods causing direct and indirect impacts in both human populations and the environment (Lin et al., 2006; GCRI-BMI, 2009). Flood frequency increased 7fold in recent decades in China (Ding and Dong, 2005). From the species
conservation angle this is alarming because evolutionary adaptation of
species to natural variability of extreme events may no longer be sufﬁcient to cope with increased exposure (Guo et al., 1999; Xu et al., 2009).
The stochasticity of ﬂoods makes the risk posed on biodiversity difﬁcult to quantify and the readiness for investment in risk reduction
and management challenging (IPCC, 2012). As funding in biological
conservation is limited it is imperative to take advantage of existing efforts in areas of conservation concern where a sound scientiﬁc platform
for implementing strategic goals and focus of government commitment
may be already in place (Shoo et al., 2011). This in turn can help management interventions more likely to be funded and overall deliver
more effective protection for vulnerable species (Hannah et al., 2002).
Priority areas for conservation are the focus of government investment
to protect biological diversity. Therefore, these areas are valuable for investigating regions where species may be negatively affected by extreme weather events, identifying areas that may act as refugia, and
prioritise management options to protect them.
In 1994 the ﬁrst National Biodiversity Conservation Strategy and Action Plan was issued by the Chinese government to fulﬁl China's obligations under the Convention on Biological Diversity. The strategic plan
has been expanded and updated to address emergent pressures and
challenges for ensuring biodiversity conservation by 2030 (NBSAP,
2010). In this ambitious guiding framework, 32 terrestrial and 3 areas
for coastal and marine conservation were deﬁned as “Priority Areas
for Biodiversity Conservation” (hereafter PABCs) aiming to effectively
protect ecosystem integrity and species from anthropogenic impacts,
as well as to improve capacities to cope with climate change by 2030.
In April 2015, after preliminary evaluation and ﬁeld investigation led
by the Ministry of Environmental Protection, boundaries of PABCs
were deﬁned considering various factors such as regional representativeness of ecosystems, richness, level of rarity and endangerment,
threats, scientiﬁc value of species, and the inclusion of national and
most provincial-level natural reserves (MEP and CAS, 2015).
The network of PABCs accounts for nearly a quarter of the land territory (24.47%) (MEP and CAS, 2015). Yet, it is unknown the extent to
which PABCs contain areas of species' geographical distributions exposed to any type of extreme weather event. Likewise it is unknown
whether PABCs contain internal refugia for potentially vulnerable species: identifying these areas will be paramount in guiding for monitoring of risks and management interventions of species in circumstances
when available refugia outside PABCs are limited or inexistent.
In this study, we investigated species risk status data and patterns of
contemporary ﬂood exposure for all extant amphibians, birds and terrestrial mammals (hereafter “mammals”) in China, as well as within
the country's 32 terrestrial PABCs to answer: (i) what is the number of
threatened, non-threatened and data-deﬁcient species currently exposed to ﬂoods in China; ii) to what extent the PABC network captures
species found at signiﬁcant exposure at the country level; iii) how well
does the PABC network capture ﬂood-free internal refugia for signiﬁcantly exposed species?; and iv) which species may be at greatest risk
to ﬂood disturbance? In answering these questions we used geospatial
information on ﬂood incidence in China over the last three decades,
the current coverage of terrestrial PABCs, and updated species' geographic distribution and risk assessments from the National Red List of
China. PABCs were designated with the main goal of conserving key
ecosystems and species from human pressures rather than speciﬁcally
tackle risks posed by extreme weather events. Therefore, we predict
that the coverage of the geographical ranges of the majority of species

identiﬁed at signiﬁcant ﬂood exposure by PABCs will be high whereas
the coverage of species' internal refugia from ﬂoods within PABCs, will
be low.
2. Materials and methods
2.1. Study area and datasets
For all geospatial and statistical analyses we used ArcMap software
(Version 10.0; ESRI, 2010) and R software (Version 3.2.0; R Core
Development Team, 2015). We used updated species distribution
maps of amphibians, birds and mammals (in shapeﬁle format) and
risk categories extracted from the Assessment Report on Threatened
Status of Terrestrial Vertebrates in China (Accessed January 2015)
(MEP and CAS, 2015), with the primary data being the species extent
of occurrences and the national risk assessment of species. Global initiatives for amphibians, mammals (IUCN, 2014) and birds (Birdlife
International and Nature Serve, 2014) were the basis of the national
risk assessments which now include updated distribution records (collected from atlases, nature reserve biodiversity survey reports, museum
collections, and ﬁeld survey records) and reassessments of species following the IUCN guidelines and criteria version 3.1 (IUCN, 2012a) in
conjunction with the IUCN guidelines for application of the criteria at regional and national level version 4.0 (IUCN, 2012b). Species geographical ranges have been widely used as indicator to investigate signals of
species decline and exposure to extinction risk factors (Collen et al.,
2011; Venter et al., 2014). However, species are not distributed evenly
throughout their range. Red List expert distribution maps are drawn
as range polygons linking known areas where polygons are associated
with a particular level of conﬁdence from 1 “Extant” to 6 “Presence Uncertain”. In our study, we used range polygons for which presence is labelled as “Extant” as these reﬂect areas of the species range where
occurrence is most likely (IUCN, 2012a). By focusing on extant areas
(rather than the entire species geographical range) we aimed to avoid
overestimating the current degree of exposure to ﬂoods. For the three
taxa we excluded polygons of species ranges where the species was
coded as extinct, introduced, vagrant or of uncertain origin. For birds
we used native breeding geographic ranges excluding non-breeding
ranges or where a species was recorded as passage migrant.
Following the IUCN Red List guidelines and criteria, we grouped species as “Threatened” (Critically Endangered, Endangered, and Vulnerable)
and “Non-Threatened” (Near Threatened and Least Concern). DataDeﬁcient species were incorporated in the analysis provided that these
have polygons coded as extant and their risk status was fully assessed.
Frequency and geographic distribution of ﬂood extents, available as
shapeﬁles, were extracted from the Darmouth Flood Observatory
(Accessed January 2015) (Brakenridge and Kettner, 2014). This database is dedicated to ﬂoods only, rather than focused on ﬂoods and humanitarian aspects (e.g., Emergency events database) or ﬂoods and
the estimation of economic losses (e.g., NatCatSERVICE). The observatory uses orbital remote sensing to detect ﬂoods supplemented by
news reports, and satellite imagery to measure and draw bounding
polygons per ﬂood event. For ﬂoods in China the observatory provides
records from 1984 to the present. Hence this study makes use of individual ﬂood events for a 31-year time interval (1984–2014), for which
records are available. Polygons of the 32 terrestrial PABCs of China
were obtained as individual shapeﬁles from the report on boundary adjustment of priority areas of biodiversity conservation in China (MEP,
2015, Accessed May 2015).
2.2. Quantifying species exposure to ﬂoods in China
In the assessment of species vulnerability to climatic impacts knowledge on species-level traits contributing vulnerability to extreme
weather events is limited (Ameca y Juárez et al., 2014; Royan et al.,
2014) compared with what we know about traits associated with
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vulnerability to changes in climate trends (Foden et al., 2013; Garcia
et al., 2014). Nevertheless, there is a broad consensus that the degree
of exposure is the main cause of increments in the species' endangerment driven by climate change and extreme weather (Pearson et al.,
2014). Compared to slow changes in climate, extreme weather events
may be the most important direct impact to species survival because
these can predispose abrupt declines of their populations. In response
to ﬂooding, survival of species may depend on dispersal abilities and
refugia availability (Zhang et al., 2007). Yet, it is likely that exposed individuals will die immediately due to drowning or within a short period
of time due to malnutrition and stress (Williams et al., 2001; Wuczynski
and Jakubiec, 2013). On the other hand, survivors may have limited possibilities to recover population numbers in disturbed areas (Knutson
and Klass, 1997; Buenau et al., 2014).
Flood exposure was deﬁned as the degree to which the spatial extent
of individual ﬂood events overlays the “extant” geographic area within
which individual species occur. First the extant distribution of each species of amphibian, bird and mammal in China was superimposed one at
a time with the geographic extent of areas affected by ﬂood extents.
Then each species' geographic extent was investigated using ﬁve
thresholds of ﬂood exposure: ≥10%, ≥25%, ≥50%, ≥75%, and ≥90%. We
associated two exposure thresholds with “signiﬁcant” and “high” ﬂood
exposure and deﬁned them as an overlap of at least 25% (signiﬁcant exposure) or 75% (high exposure) of the species extant geographic range
with areas impacted by two or more ﬂoods. This is based on the assumption that exposure to extreme environmental disturbance of at
least two ﬂoods within a relatively short interval could prevent species
from recovering after population die-offs in a ﬁrst event and lessen the
resilience of survivors against further disturbance; hence driving more
serious declines or local extirpations (Ameca y Juárez et al., 2012).
The 25% and 75% range overlaps used to characterise signiﬁcant and
high exposure are arbitrary thresholds because currently there is no objective basis on which to set the level. These values have been used in
macroecological studies in vertebrates at different scales (e.g., Orme
et al., 2005; Fey et al., 2015). We believe these two proportions are easier to interpret and incorporate into management interventions
planned to address climatic impacts within PABCs by 2030 and
decision-makers more likely to be familiar with them (see Discussion).
2.3. Quantifying species at signiﬁcant ﬂood exposure and internal refugia
within PABCs
In a second stage, polygon layers of amphibians, birds and mammals
found at signiﬁcant ﬂood exposure in the country-wide assessment
were superimposed species by species one at a time with the network
of terrestrial PABCs (see Appendix A1). Five thresholds of exposure
analogous to those used at the country level were also investigated
across the PABC network.
The identiﬁcation of areas not exposed to long-term changes in climate within the present geographic ranges of species has been investigated recently (Morelli et al., 2012) but here has been no estimates of
the extent of these “internal refugia” (Shoo et al., 2013) from contemporary exposure to extreme weather events. Here, we deﬁned these internal refugia as present areas of a species' geographic range not exposed
to the speciﬁc type of extreme weather event within a relatively short
time period where the species is not exposed to disturbance from this
source. The term refugia, focusing on the short-term consequences of
extreme weather events on species, is used herein considering short
ecological time scales of a few decades rather than evolutionary scales
of hundreds of years or millennia (Keppel et al., 2012). The adoption
of this deﬁnition aims to be useful in the management of species and
populations currently exposed to severe weather within a timeframe
that can allow these management interventions to be reasonably foreseen, ﬁnanced and implemented (Shoo et al., 2013).
In this regard, we overlaid the proportion of each species' internal
refugia from ﬂoods at country level with each PABC to identify areas
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of the present species' “extant” ranges not exposed to ﬂood extents. Further, we aimed to identify species reaching a ≥10% ≤ 25% minimum representation target of their internal refugia from ﬂoods within the PABC
network. It follows that the lower the species' internal refugia falls
below this threshold, all else have been equal, the more challenging
management interventions to lessen risks from ﬂoods in exposed
areas will be.
Finally we generated density maps (estimated number of species per
grid cell at 0.5° resolution) to highlight for each PABC areas having a
large number of species at signiﬁcant exposure to ﬂoods as well as
areas comprising internal refugia for a majority of species: by using
this approach we sought to identify i) areas within each PABC where
management interventions can tackle direct impacts from ﬂoods on signiﬁcantly exposed species, and ii) areas likely to result in grounds for
protection from ﬂood disturbance. We assessed correlations of ﬂood exposure within PABCs using the Pearson correlation coefﬁcient (r) for
grid-cell richness values for the three taxa (P b 0.01) controlling for spatial covariance when estimating the statistical signiﬁcance of the correlations (Clifford et al., 1989). The following thresholds for assessing
biodiversity concordance were adopted for interpreting Pearson's “r”:
r ≥ 0.50 and was considered a strong correlation; moderate correlations
~0.30, and weak correlations were ~0.10 (Lamoreux et al., 2006).
2.4. Assessing species vulnerability to ﬂoods
Identifying species at the greatest risk to experience negative impacts from climatic impacts requires an assessment of the species intrinsic vulnerability to these phenomena in conjunction with the analysis of
exposure and endangerment from human pressures (Dickinson et al.,
2015). We derived such an exercise focusing on the subset of species
that reached the “high” threshold of ﬂood exposure that is ﬂagged as
“threatened” (Critically Endangered, Endangered, and Vulnerable) in
the National Red List. For these species, we identiﬁed four specieslevel trait sets that may be associated with heightened sensitivity (rarity, habitat and /or microhabitat specialization) and low adaptability
(low intrinsic dispersal capacity, low reproductive potential) to ﬂoodrelated disturbance.
We used this information to group species into different vulnerability classes following Foden et al. (2013) framework for assessing
climate-induced stresses as follows: “exposed only” species highly exposed but lacking traits associated with low adaptive capacity and
high sensitivity; “potential adapters” species highly exposed possessing
traits associated with high sensitivity to ﬂoods but exhibiting adaptive
capacity; “potential persisters” species that have low adaptive capacity
and are exposed but not sensitive; “highly vulnerable” species highly
exposed, sensitive and of low adaptive capacity. To qualify as highly vulnerable to ﬂoods, species highly exposed must possess any one or more
traits associated with both high sensitivity and low adaptability. Based
on expectations from ecological and extinction risk theory (Purvis
et al., 2000; Foden et al., 2008), trait data was identiﬁed from an ongoing
review of species traits linked to vulnerability to extreme weather
events in China (literature review of published and unpublished data,
online resources and expert consultation).
3. Results
3.1. Spatial distribution of ﬂoods and species exposure
Fig. 1 shows the spatial pattern of the total number of threatened,
non-threatened and data-deﬁcient species of amphibians (Fig. 1, panel
b), birds (Fig. 1, panel c) and mammals (Fig. 1, panel d) exposed to
ﬂoods in China for the period 1984–2014. In the panels, each dot represents the centroid area within each species' extant geographic range exposed to ﬂoods. The number of bird species exposed to ﬂoods is over
two times greater than that of mammals and triples the number of amphibians. An examination of the three taxa separately against the
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Fig. 1. Spatial patterns of amphibians, birds and mammals exposed to ﬂoods in China (period 1984–2014) classiﬁed by risk status following the National Red List assessment. Threatened
(Critically Endangered [CR], Endangered [EN], Vulnerable [VU]), Non-Threatened (Near Threatened [NT], Least Concern [LC]) and Data-Deﬁcient (DD) species exposed to ﬂoods are those
whose “extant” geographic range overlap with areas affected by individual ﬂood events in the period 1984–2014. Areas affected by individual ﬂood events (blue colour scale, panels a–d)
are represented using grid cells of 0.5°. Dots (panels b–d) represent the centroid area within each species' “extant” geographic range overlapping with areas affected by ﬂoods.

National Red List revealed that the greatest proportion of the species are
ﬂagged as non-threatened (~52%, ~78% and ~80% of the total amphibians, birds and mammals, respectively) whereas a small proportion is
considered threatened (~ 16%, ~ 5%, and ~ 13% of total amphibians,
birds and mammals, respectively) and data-deﬁcient (b25% of the
total three taxa combined).

~52% of the total 1356 birds in China fell into this threshold of exposure.
Proportionally, the greatest number of species at signiﬁcant exposure
was found in amphibians with over 90% of the total 360 species
assessed. Conversely, mammals ranked ﬁrst at increased exposure:
nearly 70% of the total mammals reached the threshold of “high” exposure (≥ 75% threshold) followed by ~ 40% of the total amphibians and
b1% of the total birds.

3.2. Species at signiﬁcant and high exposure to ﬂoods in China
3.3. Species exposure to ﬂoods and internal refugia across PABCs
Fig. 2 shows the number of amphibians, birds and mammals exposed to ﬂoods in China grouped in ﬁve thresholds of exposure for the
period 1984–2014. Examination of species at “signiﬁcant” exposure
(≥ 25% threshold) revealed that ~ 81% of the total 672 mammals and

Fig. 3 shows areas for each PABC using grid cells of 0.5° having large
numbers of species at signiﬁcant exposure and not exposed to ﬂoods.
Correlations between richness of the three taxa at signiﬁcant exposure
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Fig. 2. Number of species exposed to ﬂoods in China. Amphibians, birds and mammals are grouped by the proportion of their “extant” geographical range overlapping with individual ﬂood
events using ﬁve thresholds of exposure for the period 1984–2014 across China.

across the PABC network revealed a strong, positive correlation between mammals and birds, and a moderate concordance between
mammals-birds and amphibians-birds (see Appendix A2).
To what extent the PABC network captures species found at signiﬁcant exposure at the country level? Of the total 326 amphibians, 704
birds and 545 mammals found at signiﬁcant ﬂood exposure nationwide, we found that the PABC network captures 204 (~ 62%)

amphibians, 370 (~52%) birds and 286 (~52%) mammals at this threshold of exposure (Fig. 4, panel a). In particular, high concentrations of
species at signiﬁcant ﬂood exposure were found in the following
PABCs: Northern section of Minshan-Hengduanshan Mountain area
(n = 822), Southern section of Hengduanshan Mountain area (n =
798), Xishuangbanna (n = 782), Southwest Guangxi (n = 548),
Nanling Mountain area (n = 511), Limestone area of West Guangxi

Fig. 3. Species density maps of signiﬁcant ﬂood exposure and internal refugia availability using grid cells of 0.5° within the 32 terrestrial Priority Areas for Biodiversity Conservation
(PABCs) of China (period 1984–2014). Panels a–c represent the number of amphibians, birds and mammals with a proportion of their range at “signiﬁcant” exposure within the
PABCs. Panels e–g represent a subset of these species having different coverages of their internal refugia by PABCs. Panel d indicates the boundaries of the 32 PABCs and the overlap
with areas affected by individual ﬂood events represented in blue units (grid cells of 0.5°): areas with lowest incidence of ﬂoods are represented in light blue whereas dark blue areas
represent areas with the greatest incidence of ﬂoods (period 1984–2014). Details of the total number of species represented for each PABC are provided in Appendix A3 and A4.
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and South Guizhou (n = 466), Wuling Mountain area (n = 461), and
Southeast Himalaya Mountain area (n = 428) (Fig. 3 and Appendix
A1 & A3 for the total number of species for each PABC for separate taxonomic groups).
How well does the PABC network capture ﬂood-free internal refugia
for signiﬁcantly exposed species? We found that 84 mammals, 209
birds and only 3 species of amphibians had N10% ≤ 25% of their extant
range not exposed within the network (Fig. 4, panel b). Few species exhibited ﬂood-free refugia N25% of their ranges whereas a large number
of species exhibited ﬂood-free internal refugia b10%. Of the 32 PABCs,
12 encompassed internal refugia of different sizes for these species: notable concentrations were found in Southeast Himalaya Mountain area
(n = 761), Xishuangbanna (n = 719), and Southern section of
Hengduanshan Mountain area (n = 588) (Fig. 3 and Appendix A1 &
A4 for the total number of species for each PABC for separate taxonomic
groups).
3.4. Species vulnerability to ﬂoods
From the total species of amphibians, birds, and mammals found at
“high” exposure for the “threatened” grouping in the National Red List
(see Fig. 5 and Appendix A5) our analysis suggests that ~ 60% (n =
128) exhibit some degree of vulnerability to ﬂoods: ~ 10% of which
were identiﬁed as “highly vulnerable” (13 amphibians, 2 birds, 6 mammals), hence more likely to be at greatest risk, with the remaining ~50%
identiﬁed as either “potential adapters” (10 amphibians, 3 birds, 23
mammals) or “potential persisters” (27 amphibians, 3 birds, 41

mammals). By contrast, ~ 39% of the highly exposed species (29 amphibians, 5 birds, 49 mammals) did not exhibit any of the trait sets associated with low adaptability or heightened sensitivity to ﬂood-related
disturbance, hence comparatively of less immediate concern.
4. Discussion
Many of the world's species are threatened at global and regional
scales (Butchart et al., 2010) and the risks they face due to human disturbance may be heightened if cold heaves, ﬂoods, heat waves, hurricanes and other extreme weather events become more frequent and/
or intense (IPCC, 2012). In this vein, areas of conservation concern having the attention from the government to strengthen research capacities
for biodiversity conservation beyond protected areas are commendable
to investigate their contribution to lessen the risks derived from climatic
impacts (Blair et al., 2012; Newbold et al., 2015).
The network of PABCs of China is the focus of an array of strategic initiatives and actions for effective protection of biodiversity. One of the
initiatives issued by the Ministry of Environmental Protection is to evaluate impacts of new threats from climate change on key species and
ecosystems within PABCs, as well as propose response measures
(NBSAP, 2010). Here, we generated information for such an initiative,
focusing on vertebrate fauna and investigating contemporary species
exposure to ﬂoods and internal refugia availability across the country's
32 terrestrial PABCs.
We assessed a short-time interval of contemporary ﬂood data to
help identify species most likely to be experiencing negative delayed

Fig. 4. Number of species at signiﬁcant exposure to ﬂoods at country level having different coverage of their ranges exposed (a) and not exposed (b) to ﬂoods within the 32 terrestrial
Priority Areas for Biodiversity Conservation (PABCs) of China. Panel a shows the number of species found at signiﬁcant exposure to ﬂoods in the country level analysis having ﬁve different
levels coverage of their exposed ranges by the PABC network. Panel b shows the species found at signiﬁcant exposure at country level and within PABCs grouped by six different representation targets of internal refugia from ﬂoods across the PABC network. Total number of species represented for each PABC is provided in Appendix A3 and A4.
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Fig. 5. Relative ﬂood vulnerability for species of amphibians, birds, and mammals identiﬁed at high exposure considered as “Threatened” in the National Red List of China. Flood vulnerability classes were adopted from Foden's et al. (2013) framework for assessing vulnerability to climate induced stresses as follows: “Exposed only” are highly exposed but neither of low
adaptive capacity nor sensitive; “potential adapters” are sensitive and highly exposed (but exhibit adaptive capacity), “potential persisters” have low adaptive capacity and are highly exposed; “highly vulnerable” are highly exposed, sensitive and of low adaptive capacity. Vulnerability type for each individual species is shown in Appendix A5.

effects from recent past exposure or possessing less resilience to future
impacts particularly those species intrinsically vulnerable, hence in
need of conservation consideration. This might be especially true for
those species' populations that are gradually being more weakened by
anthropogenic impacts (Laurance and Useche, 2009). Historical ﬂood
data spanning over a robust time scale may be used to infer trends
and potentially inform planning for the future. In our study we opted
to assess a time interval which we believe is of more relevance in the
short term for conservation planners and decision makers. Several
data issues in climate modelling of ﬂoods need to be addressed before
relying on existing time scales of ﬂood occurrence to develop future
trends with reliable signiﬁcance (Chaney et al., 2015).
As a tool for detecting species exposed to ﬂood disturbance, and for
identifying areas acting as contemporary ﬂood refugia, our ﬁndings
i) feed directly into national species risk assessments and ii) contribute
relevant information to conduct species' vulnerability assessments to
ﬂood-related disturbance (see below).
Our results suggest that a great proportion of Chinas' amphibians,
birds, and mammals face signiﬁcant ﬂood exposure at country level.
As predicted, we found that i) more than half of the species of each of
these vertebrate taxa exhibited over a quarter percent of their geographic ranges exposed to ﬂoods across the PABC network and ii) very
few of these species exhibited internal refugia greater than 10% of
their extant geographic ranges within PABCs. In particular, 84 mammals, 209 birds and 3 amphibians exhibited internal refugia N10% and
≤25% of their total extant ranges within PABCs, whereas only 1 amphibian, 47 birds, and 29 mammals exhibited internal refugia greater than
25% of their total extant range. The quantiﬁcation of exposure to ﬂoods
or any other type of extreme weather events remains poorly addressed
in species' risk assessments at global or regional scales (Mace et al.,
2008). The China's Red List of vertebrates does not include an explicit
consideration of these phenomena (MEP and CAS, 2015). The IUCN
Threats Classiﬁcation Scheme, Version 3.2, does record threat types
and the category “climate change and severe weather” includes
potential impacts derived from ﬂoods under the sub-category “storms
and ﬂoods” (Accessed December 2015). Yet, the IUCN Threats Classiﬁcation Scheme records only ﬁve bird species, two amphibian species
and two mammal species as affected by storms and ﬂoods in China.
Our results show that the extant ranges of 140 amphibians, 86 birds
and 468 mammals are highly exposed to ﬂoods at country level: if
these species possess biological attributes conferring intrinsic vulnerability to ﬂood disturbance, the current account of ﬂood-prone species
would imply that these 694 species require reassessments under the
“storms and ﬂoods” subcategory of threats in the China Red List
assessment.

Identifying the overall risk of species to experience negative impacts
from climate change and severe weather requires a comprehensive examination of species' traits that contribute intrinsic vulnerability (sensitivity/adaptability) in conjunction with the assessment exposure
(Dickinson et al., 2015). In this regard, a review of behavioural, physiological and evolutionary traits of species inhabiting “hotspots” of extreme weather, including ﬂoods, across China is currently underway
to characterise traits rendering vulnerability to population declines
(see Ameca y Juárez et al., 2012). For snow storms, for example, we
have found reports of species exposed known to possess biological ﬂexibility to cope with snow storms (Li et al., 2012) which nevertheless
have suffered dramatic population losses with increased intensity of
these phenomena (Li et al., 2009).
General ecological and/or life history information can be also used as
a proxy for traits for investigating relative vulnerability to climatic impacts (Garcia et al., 2014). We derived such an exercise from our results,
focusing on the subset of species that reached the “high” threshold of
ﬂood exposure while has been ﬂagged as “threatened” in the National
Red List. Overall, 21 species were determined to be highly vulnerable
(Appendix A5). Although this assessment of vulnerability to ﬂood disturbance can be improved (see Foden et al., 2013), we believe it helps
to exemplify the type of species increasingly exposed to extreme phenomena already threatened by human pressures in China which should
merit priority for more detailed assessments, to better guide management options to protect them.
For instance, low population size and density, limited dispersal opportunities (due to anthropogenic habitat degradation and fragmentation), conservative spatial movements and tight energy budgets
(Zhang et al., 2014; Wei et al., 2015) are all factors likely to increase
the giant panda's relative vulnerability to catastrophic events: from
our analysis, we found that several portions of its extant range have
been affected by 30 independent ﬂood events within the past three decades (Appendix 5). Greater dispersal across continuous habitat and access to shelters may have played an important role in reducing
individual exposure to localised stressors (Cardillo et al., 2005; Liow
et al., 2009). Now, restricted and degraded habitat is the major threat
for this species (Wei et al., 2015) which reduces opportunities to
avoid extreme events becoming increasingly severe (GCRI-BMI, 2009).
Yet, little is known about how present-day panda populations will respond to environmental disturbance resulting from synergies (self-reinforcing feedbacks) among these threatening processes.
Recently, general guidelines released by the Chinese government
aim at broadly increase mitigation and adaptation to climatic impacts
in PABCs by 2030 (NBSAP, 2010). Although several threats from climate
change have been identiﬁed, including extreme events, speciﬁc actions

144

E.I. Ameca y Juárez, Z. Jiang / Biological Conservation 199 (2016) 137–145

to combat them are yet to be realised: In the face of multiple threats and
limited funding, an evaluation of different alternatives for investment
across the PABC network (see below) could help to identify the most
cost-effective options (Auerbach et al., 2014).
Species protection in ﬂood hit areas can be enhanced through actions tackling existing (human) threats which can also reduce impacts
from ﬂoods. These actions might be already in place and can be less
costly than direct interventions (e.g., animal relocations). Restoration
of degraded habitat and maintenance of landscape connectivity lost
due to human activities may result in increased physical protection of
species in situ. Further options aiming to build habitat resilience include: maintenance of existing catchment vegetation or catchment afforestation for reducing the risk of ﬂooding through increasing the
hydraulic roughness of catchments (The Royal Society, 2014). Alternatively, changes to agricultural practises reducing soil compaction can reduce surface run-off and increase water retention, hence reducing the
risk of ﬂooding in habitat downstream.
At the other extreme, species internal refugia merit conservation attention as they may act as strongholds where species' populations are
protected from harsh environmental conditions. In this regard, the design and projected implementation of biodiversity and migration corridors by 2030 (NBSAP, 2010) may take into account the availability and
spatial conﬁguration of species' internal refugia; hence individuals can
evade harmful conditions through dispersal (potential persisters,
Foden et al., 2013) or assisted relocation in the case of highly vulnerable
species (see Fig. 5). Likewise, projected expansion of nature reserves
and habitat restoration programmes could contain areas encompassing
internal refugia from ﬂoods while acting as buffer from agriculture, habitat fragmentation, roads and human settlements: PABCs comprising
ﬂood-free refugia while comprising natural reserves in great need to
mitigate this human pressures (see Fu et al., 2010; Ye et al., 2015) include the Southeast Himalaya Mountain area, Xishuangbanna area,
and the Southern section of Hengduanshan Mountain area (Appendix
A1). In this regard, a prioritisation analysis taking into account the
costs of management interventions and the likelihood of investment
success will be crucial in deciding which actions to implement and
where they should be implemented (Carwardine et al., 2008).
5. Conclusion
Recent assessments of China's natural environment put in evidence
a severe imbalance between human needs and integrity of biodiversity.
For addressing this imbalance, a call attempting to optimise patterns of
land development, conservation planning, prioritisation and protection
of biodiversity is underway. A major strategic task of the national biodiversity action plan aims to evaluate impacts of new threats from climate
change such as extreme weather events within PABCs, and propose response measures. The impact of climate change on ecosystems across
PABCs and within protected areas has been projected for the next ﬁfty
and hundred years (Wu et al., 2014; Zomer et al., 2015). By contrast,
current exposure to extreme weather events on species and ecosystems
is yet to be explicitly evaluated. Floods are exhibiting a remarkable rise
in recent decades and priority areas capture considerable proportions of
the species' extant ranges currently exposed, and hence most of its populations. Our analysis determining species exposure and internal refugia
is one step necessary towards identifying species most vulnerable to
negative impacts from ﬂoods: These species are expected to be the
ones that are highly susceptible and with lowest ability to adapt for a
given level of exposure. In this regard, vulnerability assessments will
be instrumental to identify the most vulnerable species to particular extreme weather events before prioritise investments between alternative actions to protect them.
We urge further investigation of exposure to other extreme weather
events, internal refugia availability and intrinsic vulnerability of species:
this is crucial for a more comprehensive priority setting related to climate change impacts, and hence move ahead in achieving the target

of effectively protect China's species and ecosystems by 2030 and
beyond.
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