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INTRODUCTION

 

Predictive modelling of species geographical distributions is

a thriving ecological and biogeographical discipline. Major

advances in its conceptual foundation and applications have

taken place recently, as well as the delineation of the outstanding

challenges still to be met (Araújo & Guisán, 2006; Guisan 

 

et al

 

.,

2006; Moisen 

 

et al

 

., 2006; accompanying papers). In this article,

we focus on the application of predictive distribution modelling

to biodiversity conservation. We begin by outlining a series of

‘real-life’ conservation problems that have been addressed with

predictive modelling. Next, we consider the need to integrate

these techniques with the development of systematic baseline

data sets and models, in order to effectively monitor biodiversity

change. The following section considers the availability of

remotely sensed ecological data for use in predictive modelling,

and introduces the readers to their major on-line sources. These

general remarks provide a backdrop for a series of articles col-

lected in this issue of 

 

Diversity and Distributions

 

 that emerged

from a workshop on 

 

Predictive Modelling of Species Distributions,

New Tools for the XXI Century

 

, carried out under the auspices of

the Universidad Internacional de Andalucía, sede Antonio Machado

in Baeza, Spain, on 2–4 November 2005. The final section of this

article provides an introduction to the collection of papers.

 

APPLICATIONS TO ‘REAL-LIFE’ PROBLEMS

 

Keeping up-to-date with the conceptual and technical advances

of predictive modelling of species distribution is a challenge in

itself, because it comprises a rapidly evolving set of versatile tools

with a wide range of applications (Guisan & Zimmermann, 2000;

Guisan & Thuiller, 2005). Predictive models have been success-

fully used in a variety of conservation biology studies, with the

main purpose of addressing pressing conservation problems (e.g.

Brotons 

 

et al

 

., 2004; Linkie 

 

et al

 

., 2006). Confronted with extremely

limited data on the distribution, abundance, and dynamics of most

species on Earth (Rodríguez, 2003; Mace 

 

et al

 

., 2005), models

allow for the extrapolation of relatively few field samples and

museum records to the entire potential range of a species, thus

creating predicted distribution maps (e.g. Guisan & Zimmer-

mann, 2000; Heglund, 2002; Anderson 

 

et al

 

., 2003; Guisan &

Thuiller, 2005). To carry out this task, detailed and reliable en-

vironmental data are needed to establish the species–environment

relationships required to estimate species distribution outside

sampling sites. The collection of field data using environmentally

stratified sampling designs assures that the range of environmental

variation is covered, and improves these predictions (Austin &

Heyligers, 1991; Margules & Austin, 1991; Hortal 

 

et al

 

., 2001;

Hortal & Lobo, 2005; J.R. Ferrer-Paris & J.P. Rodríguez, unpubl.

data). Once data on species distribution have been collected in

the field or derived from museum collections, and adequate en-

vironmental models have been fitted to the data, it is possible to

generate predictive distribution maps. A number of potential

applications of these generated maps rapidly arise in the field of

biodiversity conservations and planning (provided that beyond

statistical evaluations, also managers and planners are satisfied

with the predictions provided by modellers). It is possible, for

example, to assess the representation of species in nature reserve

networks, evaluate their response to global climate change (of

both the species and the reserves), quantify the impact of expected

land cover change, and evaluate the influence of expanding

exotic species, among other applications.

Growth and potential of predictive modelling techniques and

approaches is boosting the applications of biodiversity mapping

in recent years. A good example of structure construction of a

discipline that has grown in parallel to biodiversity mapping is

reserve design. Inspired by pioneering work carried out in Aus-

tralia in the 1980s (Kirkpatrick, 1983), the Gap Analysis Program
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(GAP) in the USA provided a major thrust to the application of

predicted modelling to conservation (Scott 

 

et al

 

., 1993; Jennings,

2000; Peterson & Kluza, 2003). This programme has the main

objective of creating and updating maps of the predicted distribution

of native vertebrate species in the USA. By collating information

from field research programmes and modelling their distribu-

tion using a variety of tools, GAP has become a powerful source

of basic cartographic information for a number of planning and

management decisions at the local, state, and national scale

(Pearlstine 

 

et al

 

., 2002; Noon 

 

et al

 

., 2003). After generating pre-

dicted ranges, the next step in the process consists of overlaying

these distributions with the geographical extent of the protected

areas network, thus identifying existing ‘gaps’ — species that are

not represented in the network — and providing potential loca-

tions for the future expansion or creation of new protected areas.

Gap analysis has been proven highly successful and has become a

very popular conservation tool. Its use is not limited to predicting

geographical distributions, but also takes advantage of other

sources of data on species ranges as well (e.g. De Klerk 

 

et al

 

.,

2004; Rodrigues 

 

et al

 

., 2004).

The ample literature on reserve selection has been primarily

devoted to optimizing the number, size, location, and cost of

reserve networks, in order to assure that they include the largest

possible fraction of biodiversity within the smallest amount of

protected land and, ultimately, identify priority areas for conser-

vation (Margules 

 

et al

 

., 2002; Wilson 

 

et al

 

., 2006; Alagador &

Cerdeira, in press). Predictive modelling has enriched the discus-

sion by including habitat suitability as an important characteristic

to consider in the design of a network of reserves, because habitat

suitability has been shown to correlate with the persistence of

populations (Araújo 

 

et al

 

., 2002; Cabeza 

 

et al

 

., 2004). In an

analogous way, habitat suitability has been incorporated into

metapopulation models, which are primarily concerned with

patch shape, size, and isolation (Akçakaya & Atwood, 1997;

Kramer-Schadt 

 

et al

 

., 2005).

Regardless of how well the current reserve networks represent

extant biodiversity, however, they are all threatened by global

change, a series of complex forces that combine both climate

change and land-use change (Araújo, 2004; Thomas 

 

et al

 

., 2004;

Whittaker 

 

et al

 

., 2005; Araújo & Rahbek, 2006; Araújo 

 

et al

 

., 2006;

Root & Schneider, 2006; Schlesinger, 2006; Sutherland, 2006;

Thuiller 

 

et al

 

., 2006a,b). A number of studies, many based on

habitat modelling, have raised the concern that species distribu-

tions may shift in response to climate change (mainly towards

higher latitudes and altitudes), so that some may be forced to

abandon reserves that were designed to protect them, and move

to unprotected areas — if they can. The problem is that the current

distribution of a particular species may be constrained by unsuit-

able surrounding habitats (e.g. perturbed areas, topographical

barriers) or there may be a physical limit to their range, as is the

case of species that live on mountains and cannot continue to

shift upwards indefinitely (Dirnbock 

 

et al

 

., 2003; Thuiller 

 

et al

 

.,

2006a). In fact, extensive modelling exercises predict an overall

loss of biodiversity over the next 50 years as a result of climate

change, in particular for mountain species (Bakkenes 

 

et al

 

., 2002;

Thomas 

 

et al

 

., 2004). These predictions have been challenged,

however, because the results tend to vary with the technique

applied (Thuiller 

 

et al

 

., 2004; Pearson 

 

et al

 

., 2006), and broad-

scale models do not capture local interactions between organ-

isms and their environment (Hampe, 2004), such as dispersal,

interspecific interactions, or the existence of refuges at a finer

spatial resolution than the climate change scenarios on which the

models are based (Post 

 

et al

 

., 1999; Araújo & Pearson, 2005;

Pearson, 2006). Although most studies are pessimistic about the

extent of future range contractions, this is still an ongoing debate

that relies heavily on habitat modelling.

Another promising but less explored line of research is the use

of predictive habitat models to forecast conflicts between human

activities and biodiversity conservation, and to try to minimize

these conflicts. This is the case of the assessment of the impact of

land-use changes linked to evolving agricultural practices. In

Europe, for example, the simultaneous abandonment of tradi-

tional agriculture (areas that harbour several endangered species)

and the intensification of agriculture on more profitable lands

have led to a net decrease of biodiversity (Donald 

 

et al

 

., 2002;

Newton, 2004). Environmental and agricultural policies tend to

aim at different targets, and predictive models have been helpful

for decision-makers to identify areas where these opposing forces

may clash (Brotons 

 

et al

 

., 2004; Nogues-Bravo & Agirre, 2006;

Seoane 

 

et al

 

., 2006). Similarly, maps that predict the likelihood of

conflicts between carnivores and humans (due to livestock

predation) have also been developed, guiding planners towards

geographical locations where predation events are less likely to

occur (Treves 

 

et al

 

., 2004). Another common conflict arises when

human infrastructures, such as airports, roads, and power lines,

are in the path of the regular movement of animals. For example,

large birds pose a threat to airplanes because of bird strikes, par-

ticularly during the migratory season when birds gather in large

flocks (http://ecogrid.sara.nl/bambas/distribution/index.php).

Collision with power lines and road kills have been linked to

the local decline of endangered species (Ferrer & Janss, 1999;

Guzmán 

 

et al

 

., 2004), while some studies have modelled higher

risk areas where corrective actions should be prioritized

(Garthe & Huppop, 2004; Malo 

 

et al

 

., 2004). Again, predictive

models stand out as a useful tool for land-use planners seeking

to make better decisions about biodiversity management and

conservation.

Invasive species are one of the major drivers of global change,

threatening numerous other species with extinction (Vitousek

 

et al

 

., 1996; Chapin 

 

et al

 

., 2000). Biologists and agronomists in-

itially began to search for traits that made species more aggressive

colonizers, and for characteristics of ecosystems that made them

more susceptible and vulnerable to invaders, in order to predict,

mitigate, and perhaps prevent the negative consequences of

biological invaders on native taxa (Crawley, 1986, 1987; D’Antonio

& Vitousek, 1992; Crawley 

 

et al

 

., 1996; Mack, 1996; Veltman

 

et al

 

., 1996; Williamson & Fitter, 1996; Williamson, 1999; Mack

 

et al

 

., 2000; Huston, 2004; Richardson, 2004; Callaway & Maron,

2006). More recently, predictive habitat models have been used

to map areas of high risk of being invaded (or that are currently

more affected) both regionally (Mercado-Silva 

 

et al

 

., 2006;

Muñoz & Real, 2006) and globally (Thuiller 

 

et al

 

., 2005). The

http://ecogrid.sara.nl/bambas/distribution/index.php
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resulting picture can hardly be more worrying: six global bio-

diversity hotspots are highly susceptible of being invaded

(Thuiller 

 

et al

 

., 2005).

On a relatively less ambitious scale, there are a number of

additional applied questions that are being addressed with pre-

dictive models. Ecologists and field biologists, for example, are

keen to use predictive models to generate potential habitat maps

to plan for the reintroduction of species, and to evaluate re-

introduction schemes underway (Mladenoff 

 

et al

 

., 1999; Schadt

 

et al

 

., 2002; Hirzel 

 

et al

 

., 2004; Pellet 

 

et al

 

., 2004). Although re-

introducing species into a portion of their historical range tends

to be more successful than placing them elsewhere (Griffith 

 

et al

 

.,

1989), the ‘original’ habitat is not always available (in fact this

may be the cause of the disappearance of the species), and it may

be necessary to look for new sites. But even when the original

range is still a viable option, maps of potential suitable habitat

help to recognize barriers to the dispersal of released individuals,

to identify isolated areas unlikely to be colonized naturally, and

to quantify the carrying capacity of the managed territory. These

maps have also helped to detect species behavioural responses to

fragmentation that could be used as early warnings of human

perturbation (Laiolo & Tella, 2005).

 

BASELINE MONITORING AND SPATIAL 
MODELLING OF SPECIES DISTRIBUTION

 

Conservation, planning, and species management need basic

monitoring data in order to gather critical information about

where a species occurs and how its abundance changes through

time (Underhill & Gibbons, 2002). Basic monitoring is aimed at

sampling populations in order to describe their distribution in

space (Donald & Fuller, 1998) and time (Bibby 

 

et al

 

., 2000).

Monitoring of species distribution has a strong link to predictive,

habitat-based modelling techniques because both have the

explicit objective of producing a spatial representation of a

species’ range. In fact, the development of predictive, habitat

based models has been possible due the large amounts of data

accumulated in large-scale distribution monitoring programmes

such as atlases (Osborne & Tigar, 1992; Tobalske & Tobalske, 1999;

Araújo & Pearson, 2005). But predictive distribution modelling

has not only grown due to the availability of monitoring data.

More recently, these techniques have started to play a key role in

producing basic quantitative information on species distribu-

tions, allowing atlases move beyond their classic ‘black and white’

maps derived from grid mapping of presence–absence data.

These new methodological approaches also offer testable predic-

tive models that allow a more adequate representation of species

distributions in a context of recognized but often unquantified

uncertainty (Elith 

 

et al

 

., 2002; Barry & Elith, 2006).

Predictive models have already been applied to a number of

atlases, for example, mammals (Hausser, 1995) and birds

(Estrada 

 

et al

 

., 2004). Since atlases are a primary source of species

distribution data for planning and species management con-

ducted by governmental agencies, non-governmental organizations

(NGOs), academia, and the private sector, the progressive inclusion

of predictive habitat modelling will allow for the production of

an increasing number of detailed and testable maps, therefore

increasing their potential impact and reliability.

For a number of conspicuous species, monitoring often involves

counts to estimate their abundance in a given area. Population

size is a fundamental ecological parameter, often required by

local and international organizations and legislations, to assess

the conservation status of a species, on the grounds that it is

inversely correlated with the probability of extinction (IUCN,

2001; O’Grady 

 

et al

 

., 2004). However, the development of a

standard sampling scheme to correctly make inferences from the

numbers observed in the field to the entire study area is sometimes

unfeasible. For example, studies on sea mammals commonly

resort to the affordable technique of sampling from fishing or

recreational boats (so-called platforms of opportunity), whose

bearings are neither random nor systematic, and consequently

any design-based estimate of abundance may be biased (Williams

 

et al

 

., 2006). In contrast, model-based estimates are able to tackle

the problem and have the further advantage that they provide

maps at a higher spatial resolution (map units in model-based

schemes are normally smaller than strata in design-based ones),

as well as potential insights into the variables affecting abundance

(Clarke 

 

et al

 

., 2003; Hedley & Buckland, 2004). These spatial

modelling methods applied to field data have a large number

of applications to conservation (see for example http://www.

ruwpa.st-and.ac.uk/Research/SpatialModelling/index.htm).

Another promising application of habitat-based predictive

modelling techniques to basic monitoring is less obvious.

Typically, long-term monitoring programmes aim at detecting

changes in population sizes. However, since they are generally

based on a spatial sample of locations, these data also have the

potential for producing species maps through interpolation or

habitat modelling techniques (Sauer 

 

et al

 

., 1995; J.R. Ferrer-Paris

& J.P. Rodríguez, unpubl. data). Recent attempts of using this

kind of data have offered promising results as mapping tools

(Carrascal 

 

et al

 

., 2006; Brotons 

 

et al

 

., 2007), including the

incorporation of sampling biases via modern Bayesian estimation

techniques (Thogmartin 

 

et al

 

., 2004, 2006).

Habitat models have another immediate link to monitoring

efforts, since model predictions may help fill gaps in unsurveyed

areas (as in atlas works) or to identify promising areas for future

sampling, such as, for example, potential breeding nuclei for species

in places yet to be explored (e.g. Seoane 

 

et al

 

., 2003; Jarnevich

 

et al

 

., 2006; Brotons 

 

et al

 

., 2007). These spatial models have been

shown to be an improvement on traditional atlas and reference

works (Bustamante & Seoane, 2004; Bini 

 

et al

 

., 2006). Along the

same line, drawing maps for sibling species whose identification

relies on molecular characteristics is particularly demanding, and

building habitat models with unequivocal genetic information

is a cost-effective way to depict distributions (Real 

 

et al

 

., 2005).

The potential increase in the application of monitoring data to

spatial mapping of species distribution suggests a trend towards

more blurred boundaries between the objectives that these two

activities cover. A promising approach is the integration of spatial

mapping, including predictive modelling techniques, into basic,

temporal monitoring of population trends in order to generate

useful information on both changes in numbers and spatial

http://www
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distribution of the monitored species (Travaini 

 

et al

 

., 2007). This

may allow, for instance, the development of spatial alerts linked

to temporal alerts, indicating worrying changes in species distri-

bution and abundance (Greenwood, 2003). Traditional mapping

projects, such as atlases, appear in this context as a fundamental

complement, offering a detailed spatial picture of species distri-

butions over a relatively small temporal scale.

In areas where sampling is expensive due to lack of observers or

poor communications, representative sampling covering existing

environmental variability offers an optimal allocation of limiting

resources for monitoring (Hortal 

 

et al

 

., 2001; J.R. Ferrer-Paris &

J.P. Rodríguez, unpubl. data). Such a sampling strategy is known

to allow a potential representative estimation of species distribu-

tions through predictive modelling (Faith & Walker, 1996). In

addition, such data may stand as baseline information for future

sampling aimed at both better estimation of species distribution

patterns or changes in population numbers or occurrence rates.

We think that the evidence shows that the use of predictive

modelling of species distribution has been enormously useful

and that conservation would benefit from a more explicit and

structured integration of these techniques into basic monitoring

programmes. We encourage governmental agencies, NGOs,

academia, and the private sector, to develop basic monitoring

programmes that incorporate as one of their cornerstones habitat

modelling approaches to create and update species distributions.

A fundamental limitation that still exists, however, is that

current biodiversity monitoring efforts are extremely limited

in terms of their spatial and taxonomic coverage, survey methods

are not standardized, and data sets collected at different scales

lack integration (Pereira & Cooper, 2006). Worldwide monitoring

initiatives such as the Global Amphibian Assessment (Stuart

 

et al

 

., 2004) and the Biodiversity Intactness Index (Scholes &

Biggs, 2005), rely heavily on expert opinion rather than on field

data, museum collections, or predicted distribution modelling

(Mace, 2005). For only the better-known taxonomic groups,

such as birds and mammals, are there maps of their geographical

distributions (Patterson 

 

et al

 

., 2003; Ridgely 

 

et al

 

., 2003), and only

in a small number better-known locations is there information on

their relative abundance and temporal dynamics (e.g. Gibbons

 

et al

 

., 1993; Sauer 

 

et al

 

., 2005). The challenge is particularly large

in the tropics, which harbour the majority of the world’s species,

but lack the financial resources and personnel for conservation

(Rodríguez, 2003; Rodríguez 

 

et al

 

., 2005). The design, imple-

mentation, and funding of systematic biodiversity surveys at the

scale of entire tropical countries, which minimize the costs and

time required to perform them, apply standardized methods,

quantify both distribution and abundance, and generate data

that are adequate for species distribution modelling, are a major

gap in global biodiversity monitoring that needs to be addressed.

 

AVAILABILITY OF ENVIRONMENTAL 
CARTOGRAPHY

 

Using species distribution models to generate maps relies to a

great extent on the availability of environmental cartography.

There can be a strong correlation between an environmental

variable and the distribution of a species, but if this variable is not

available as a map, it cannot be applied to predict the distribution

of the species. Traditionally, the availability of environmental

cartography has been very dependent on the economic develop-

ment of a country. Also, even if environmental maps exist, there

has been a wide variability in the access to those data, especially

if they were considered to hold commercial or strategic value.

During the last two decades several changes in the 

 

status quo

 

 have

quickly improved access to high-quality environmental cartography.

Earth observation remote sensing mission has increased steadily

since 1972 (Fig. 1), and sensors on those satellites provide environ-

mental data at a rate never imagined before. Although some data

sets still need to be purchased at fairly high costs, others are

readily available (see Appendix S1 in Supplementary Material).

Some require the users to demonstrate a scientific pursuit (rather

than a commercial one), but most can be freely downloaded. Other

sources of data, such as global climate maps based on modelling

of records from meteorological stations are also accessible on the

Internet (e.g. Worldclim, http://www.worldclim.org/, Hijmans

 

et al

 

., 2005). Although the spatial and temporal resolution of

most data sets are adequate for species distribution modelling for

both terrestrial and marine organisms, they have not been widely

used. Notable exceptions include the work of Munoz 

 

et al

 

.

(2004), in which data of the NASA Wind Scatterometer were

used to model landmass connectivity for plant dispersal in

the southern hemisphere, and Travaini 

 

et al

 

. (2007), in which

Spot-Vegetation and Shuttle Radar Topographic Mission data

were used to model guanaco distribution. Species distribution

models, coupled with wider availability of environmental carto-

graphy, and relatively inexpensive and user-friendly geographical

information systems (GIS), will surely result in a significant

and rapid change in our knowledge of the distribution and

abundance of biodiversity in the decades to come.

 

INTRODUCTION TO THE INVITED PAPERS

 

This special volume includes both methodological and applied

works. Among those of a methodological nature, Ferrier 

 

et al

 

.

Figure 1 Cumulative number of Earth observation remote sensing 
missions on satellite platforms (Donnio, 2006).

http://www.worldclim.org/
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(2007) introduce the technique of Generalized Dissimilarity

Modelling (GDM), a new statistical method focused on modelling

the distribution of biotic communities based on compositional

dissimilarity. Ferrier 

 

et al

 

. (2007) describe for the first time

the technique in detail and present several examples of it use.

Although originally designed to predict distributions of com-

munities, it is a flexible approach that can also be accommodated

to model individual species. Variations of the method can be used

to predict the spatial distribution of phylogenetic dissimilarity,

to regionalize areas based on species distribution patterns, or to

include information on barriers to dispersal in the modelling.

Elith & Leathwick (2007) explore the use of Multivariate Adap-

tive Regression Splines (MARS) to model presence-only data.

MARS constitutes an extension of the better-known generalized

additive models (GAMs), directed at modelling communities

instead of individual species. Both GDM and MARS are ex-

amples of new techniques directed at modelling species groups to

solve the common problem of species lacking enough informa-

tion to be modelled as individual entities (Pearce & Boyce, 2006).

Two other new techniques: Geographically Weighted Regression

(GWR) and Varying Coefficient Modelling (VCM) are explored

by Osborne 

 

et al

 

. (2007) to address the problem of non-stationarity

in ecological systems. These new methods are complementary to

global techniques, and provide details and habitat associations at

local scales that global methods miss (Foody, 2005; Jetz 

 

et al

 

.,

2005). Guisan 

 

et al

 

. (2007) also consider aspects of scale, and

explore the effect of grain size in species distribution models to

try to answer the question of whether there is an optimal grain

size. They present the first extensive test of the effect of coarsening

the resolution of environmental variables in species distribution

models, and show that, although there is a general trend towards

degradation of model performance with resolution coarsening, it

does not affect equally all data set, species, or modelling tech-

niques. In their analyses, a new modelling technique, Boosted

Regression Trees (BRT), ranks as the best among the 10 they used

(including building environmental envelopes and regression

methods). The papers of Elith & Leathwick (2007) and Guisan

 

et al

 

. (2007) consider the important aspect of building distribu-

tion models with presence-only data from herbaria and museum

collections, often the only source of information on historical

distribution changes and sometimes an important source of

information for rare species.

A very important aspect considered in this special issue is the

practical application of species distribution models. Travaini

 

et al

 

. (2007) provide an example on how new technologies can be

integrated to reduce the costs of mapping species distributions.

New technologies include statistical modelling techniques, as

well as the use of freely available remote sensing data, accurate

georeferencing of species observations with global positioning

systems (GPS) and laser range-finders, optimal data gathering

using personal digital assistants (PDAs) and customized soft-

ware, and the use of GIS for extrapolation and map production.

Their results show that new technologies constitute very promis-

ing tools for large and remote regions that lack accurate species

distribution maps. Even in areas where apparently reliable distri-

bution data exist, species distribution modelling techniques have

been shown to provide more accurate maps (Bustamante &

Seoane, 2004). The article by Brotons 

 

et al

 

. (2007) highlights the

potential role of species distribution modelling techniques to

improve and update our knowledge of species ranges using data

from long-term monitoring programmes, which tend to be com-

mon in developed countries. Anadón 

 

et al

 

. (2007) provide a

practical example on the use of a hierarchical species distribution

model to identify the causes of decline of an endangered species.

Richardson & Thuiller (2007) use climate matching models to

successfully identify species that may become potential invaders,

and provide a technique to potentially design preventive mea-

sures for some species. As they emphasize, the most cost-effective

way of reducing future problems is to prevent the introduction of

high-risk invasive species.

 

REFERENCES

 

Akçakaya, H.R. & Atwood, J.L. (1997) A habitat-based meta-

population model of the California gnatcatcher. 

 

Conservation

Biology

 

, 

 

11

 

, 422–434.

Alagador, D. & Cerdeira, J.O. (in press) Designing spatially-

explicit reserve networks in the presence of mandatory sites.

 

Biological Conservation.

 

Anadón, J.D., Giménez, A.M., Martínez, J.A.P. & Esteve, M.A.

(2007) Assessing changes in habitat quality due to land use

changes in the spur-thighed tortoise 

 

Testudo graeca

 

 using hier-

archical predictive habitat models. 

 

Diversity and Distributions

 

,

 

13

 

.

Anderson, R., Lew, D. & Peterson, A. (2003) Evaluating predictive

models of species’ distributions: criteria for selecting optimal

models. 

 

Ecological Modelling

 

, 

 

162

 

, 211–232.

Araújo, M.B. (2004) Matching species with reserves — uncer-

tainties from using data at different resolutions. 

 

Biological

Conservation

 

, 

 

118

 

, 533–538.

Araújo, M.B. & Guisán, A. (2006) Five (or so) challenges for

species distribution modelling. 

 

Journal of Biogeography

 

, 

 

33

 

,

1677–1688.

Araújo, M.B. & Pearson, R.G. (2005) Equilibrium of species’

distributions with climate. 

 

Ecography

 

, 

 

28

 

, 693–695.

Araújo, M.B. & Rahbek, C. (2006) How does climate change

affect biodiversity? 

 

Science

 

, 

 

313

 

, 1396–1397.

Araújo, M.B., Williams, P.H. & Fuller, R.J. (2002) Dynamics of

extinction and the selection of nature reserves. 

 

Proceedings of

the Royal Society of London Series B, Biological Sciences

 

, 

 

269

 

,

1971–1980.

Araújo, M.B., Thuiller, W. & Pearson, R.G. (2006) Climate

warming and the decline of amphibians and reptiles in Europe.

 

Journal of Biogeography

 

, 33, 1712–1728.

Austin, M.P. & Heyligers, P.C. (1991) New approach to vegeta-

tion survey design: gradsect sampling. Nature conservation:

cost effective biological surveys and data analysis (ed. by

C.R. Margules and M.P. Austin), pp. 31–36. CSIRO —

Commonwealth Scientific and Industrial Research Organiza-

tion, Canberra, Australia.

Bakkenes, M., Alkemade, J.R.M., Ihle, F., Leemans, R. & Latour,

J.B. (2002) Assessing effects of forecasted climate change on



J. P. Rodríguez et al.

© 2007 The Authors
248 Diversity and Distributions, 13, 243–251, Journal compilation © 2007 Blackwell Publishing Ltd

the diversity and distribution of European higher plants for

2050. Global Change Biology, 8, 390–407.

Barry, S. & Elith, J. (2006) Error and uncertainty in habitat models.

Journal of Applied Ecology, 43, 413–423.

Bibby, J.C., Burgess, N.D., Hill, D.A. & Mustoe, S.H. (2000) Bird

census techniques. 2nd edn. Academic Press, London.

Bini, L.M., Diniz, J.A.F., Rangel, T., Bastos, R.P. & Pinto, M.P.

(2006) Challenging Wallacean and Linnean shortfalls: know-

ledge gradients and conservation planning in a biodiversity

hotspot. Diversity and Distributions, 12, 475–482.

Brotons, L., Herrando, S. & Pla, M. (2007) Updating bird species

distribution at large spatial scales: applications of habitat

modelling to data from long term monitoring programs.

Diversity and Distributions, 13.

Brotons, L., Mañosa, S. & Estrada, J. (2004) Modelling the effects

of irrigation schemes on the distribution of steppe birds in

Mediterranean farmland. Biodiversity and Conservation, 13,

1039–1058.

Bustamante, J. & Seoane, J. (2004) Predicting the distribution of

four species of raptors (Aves: Accipitridae) in southern Spain:

statistical models work better than existing maps. Journal of

Biogeography, 31, 295–306.

Cabeza, M., Araujo, M.B., Wilson, R.J., Thomas, C.D., Cowley,

M.J.R. & Moilanen, A. (2004) Combining probabilities of

occurrence with spatial reserve design. Journal of Applied

Ecology, 41, 252–262.

Callaway, R.M. & Maron, J.L. (2006) What have exotic plant

invasions taught us over the past 20 years? Trends in Ecology &

Evolution, 21, 369–374.

Carrascal, L., Seoane, J., Palomino, D., Alonso, C.L. & Lobo, J.

(2006) Species-specific features affect the ability of census-

derived models to map winter avian distribution. Ecological

Research, 21, 681–691.

Chapin, F.S. III, Zavaleta, E.S., Eviner, V.T., Naylor, R.L.,

Vitousek, P.M., Reynolds, H.L., Hooper, D.U., Lavorel, S.,

Sala, O.E., Hobbie, S.E., Mack, M.C. & Díaz, S. (2000) Con-

sequences of changing biodiversity. Nature, 405, 234–242.

Clarke, E.D., Spear, L.B., McCracken, M.L., Marques, F.F.C.,

Borchers, D.L., Buckland, S.T. & Ainley, D.G. (2003) Validat-

ing the use of generalized additive models and at-sea surveys to

estimate size and temporal trends of seabird populations.

Journal of Applied Ecology, 40, 278–292.

Crawley, M.J. (1986) The population biology of invaders.

Philosophical Transactions of the Royal Society of London Series

B, Biological Sciences, 314, 711–731.

Crawley, M.J. (1987) What makes a community invasible?

Colonization, succession and stability (ed. by A.J. Gray, M.J.

Crawley and P.J. Edwards), pp. 429–453. Blackwell Scientific

Publications, Oxford.

Crawley, M.J., Harvey, P.H. & Purvis, A. (1996) Comparative

ecology of the native and alien floras of the British Isles.

Philosophical Transactions of the Royal Society of London Series

B, Biological Sciences, 351, 1251–1259.

D’Antonio, C.M. & Vitousek, P.M. (1992) Biological invasions by

exotic grasses, the grass/fire cycle, and global change. Annual

Review of Ecology and Systematics, 23, 63–87.

De Klerk, H.M., Fjeldsa, J., Blyth, S. & Burgess, N.D. (2004) Gaps

in the protected area network for threatened Afrotropical

birds. Biological Conservation, 117, 529–537.

Dirnbock, T., Dullinger, S. & Grabherr, G. (2003) A regional

impact assessment of climate and land-use change on alpine

vegetation. Journal of Biogeography, 30, 401–417.

Donald, P.F. & Fuller, R.J. (1998) Ornithological atlas data: a

review of uses and limitations. Bird Study, 45, 129–145.

Donald, P.F., Pisano, G., Rayment, M.D. & Pain, D.J. (2002) The

Common Agricultural Policy, EU enlargement and the conser-

vation of Europe’s farmland birds. Agriculture Ecosystems and

Environment, 89, 167–182.

Donnio, J.-P. (2006) The satellite encyclopedia. V0.74.001, 54th edn

(http://www.tbs-satellite.com/tse/online/mis-teledetecction_

res.html, accessed on 20 September 2006).

Elith, J., Burgman, M.A. & Regan, H.M. (2002) Mapping

epistemic uncertainties and vague concepts in predictions of

species distribution. Ecological Modelling, 157, 313–329.

Elith, J. & Leathwick, J. (2007) Predicting species distributions

from museum and herbarium records using multiresponse

models fitted with multivariate adaptive regression splines.

Diversity and Distributions, 13.

Estrada, J., Pedrocchi, V., Brotons, L. & Herrando, S. (2004)

Catalan breeding bird atlas (1999–2002). Lynx Edicions,

Barcelona.

Faith, D.P. & Walker, P.A. (1996) Environmental diversity: on the

best-possible use of surrogate data for assessing the relative

biodiversity of sets of areas. Biodiversity and Conservation, 5,

399–415.

Ferrer, M. & Janss, G.F.E. (1999) Birds and power lines: collision,

electrocution and breeding. Servicios Informativos Ambientales/

Quercus, Madrid.

Ferrier, S., Manion, G., Elith, J. & Richardson, K. (2007) Using

generalised dissimilarity modelling to analyse and predict

patterns of beta-diversity in regional biodiversity assessment.

Diversity and Distributions, 13.

Foody, G.M. (2005) Clarifications on local and global data analysis.

Global Ecology and Biogeography, 14, 99–100.

Garthe, S. & Huppop, O. (2004) Scaling possible adverse effects

of marine wind farms on seabirds: developing and applying

a vulnerability index. Journal of Applied Ecology, 41, 724–

734.

Gibbons, D.W., Reid, J.B. & Chapman, R.A. (1993) The new atlas

of breeding birds in Britain and Ireland: 1988–1991. T & AD

Poyser Ltd., London, UK.

Greenwood, J.J.D. (2003) The monitoring of British breeding

birds: a success story for conservation science? Science of the

Total Environment, 310, 221–230.

Griffith, B., Scott, J.M., Carpenter, J.W. & Reed, C. (1989) Trans-

locations as a species conservation tool: status and strategy.

Science, 245, 477–480.

Guisan, A., Graham, C.H., Elith, J., Huettmann, F. & Group,

N.S.D.M. (2007) Sensitivity of predictive species distribution

models to change in grain size. Diversity and Distributions, 13.

Guisan, A., Lehmann, A., Ferrier, S., Austin, M., Overton, J.M.C.,

Aspinall, R. & Hastie, T. (2006) Making better biogeographical

http://www.tbs-satellite.com/tse/online/mis-teledetecction_


Predictive modelling and conservation

© 2007 The Authors
Diversity and Distributions, 13, 243–251, Journal compilation © 2007 Blackwell Publishing Ltd 249

predictions of species’ distributions. Journal of Applied Ecology,

43, 386–392.

Guisan, A. & Thuiller, W. (2005) Predicting species distribution:

offering more than simple habitat models. Ecology Letters, 8,

993–1009.

Guisan, A. & Zimmermann, N.E. (2000) Predictive habitat

distribution models in ecology. Ecological Modelling, 135,

147–186.

Guzmán, J.N., García González, F.J., Garrote, G., Pérez de

Ayala, R. & Iglesias, C. (2004) El lince ibérico (Lynx pardinus)

en España y Portugal. Ministerio de Medio Ambiente,

Madrid.

Hampe, A. (2004) Bioclimate envelope models: what they detect

and what they hide. Global Ecology and Biogeography, 13,

469–471.

Hausser, J. (1995) Mammifères de la Suisse. Birkhäuser-Verlag,

Basel.

Hedley, S.L. & Buckland, S.T. (2004) Spatial models for line

transect sampling. Journal of Agricultural Biological and Envi-

ronmental Statistics, 9, 181–199.

Heglund, P.J. (2002) Foundations of species-environment rela-

tions. Predicting species occurrences: issues of accuracy and scale

(ed. by J.M. Scott, P.J. Heglund, M.L. Morrison, J.B. Haufler,

M.G. Raphael, W.A. Wall and F.B. Samson), pp. 35–41. Island

Press, Washington, D.C.

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G. & Jarvis, A.

(2005) Very high resolution interpolated climate surfaces for

global land areas. International Journal of Climatology, 25,

1965–1978.

Hirzel, A.H., Posse, B., Oggier, P.A., Crettenand, Y., Glenz, C. &

Arlettaz, R. (2004) Ecological requirements of reintroduced

species and the implications for release policy: the case of

the bearded vulture. Journal of Applied Ecology, 41, 1103–

1116.

Hortal, J. & Lobo, J.M. (2005) An ED-based protocol for the

optimal sampling of biodiversity. Biodiversity and Conservation,

14, 2913–2947.

Hortal, J., Lobo, J.M. & Martin-Piera, F. (2001) Forecasting

insect species richness scores in poorly surveyed territories:

the case of the Portuguese dung beetles (Col. Scarabaeinae).

Biodiversity and Conservation, 10, 1343–1367.

Huston, M.A. (2004) Management strategies for plant invasions:

manipulating productivity, disturbance, and competition.

Diversity and Distributions, 10, 167–178.

IUCN (2001) IUCN red list categories and criteria: version 3.1.

Species Survival Commission, World Conservation Union

(IUCN), Gland, Switzerland and Cambridge, UK.

Jarnevich, C.S., Stohlgren, T.J., Barnett, D. & Kartesz, J. (2006)

Filling in the gaps: modelling native species richness and

invasions using spatially incomplete data. Diversity and Distri-

butions, 12, 511–520.

Jennings, M.D. (2000) Gap analysis: concepts, methods, and

recent results. Landscape Ecology, 15, 5–20.

Jetz, W., Rahbek, C. & Lichstein, J.W. (2005) Local and global

approaches to spatial data analysis in ecology. Global Ecology

and Biogeography, 14, 97–98.

Kirkpatrick, J.B. (1983) An iterative method for establishing

priorities for the selection of nature reserves: an example from

Tasmania. Biological Conservation, 25, 127–134.

Kramer-Schadt, S., Revilla, E. & Wiegand, T. (2005) Lynx

reintroductions in fragmented landscapes of Germany:

projects with a future or misunderstood wildlife conservation?

Biological Conservation, 125, 169–182.

Laiolo, P. & Tella, J.L. (2005) Habitat fragmentation affects

culture transmission: patterns of song matching in Dupont’s

lark. Journal of Applied Ecology, 42, 1183–1193.

Linkie, M., Chapron, G., Martyr, D.J., Holden, J. & Leader-

Williams, N. (2006) Assessing the viability of tiger subpopula-

tions in a fragmented landscape. Journal of Applied Ecology, 43,

576–586.

Mace, G.M. (2005) Biodiversity — an index of intactness.

Nature, 434, 32–33.

Mace, G., Masundire, H., Baillie, J., Ricketts, T., Brooks, T.,

Hoffmann, M., Stuart, S., Balmford, A., Purvis, A., Reyers, B.,

Wang, J., Revenga, C., Kennedy, E., Naeem, S., Alkemade,

R., Allnutt, T., Bakarr, M., Bond, W., Chanson, J., Cox, N.,

Fonseca, G., Hilton-Taylor, C., Loucks, C., Rodrigues, A.,

Sechrest, W., Stattersfield, Janse van Rensburg, B. &

Whiteman, C. (2005) Biodiversity. Ecosystems and human

well-being: current state and trends, Vol. 1. Findings of the con-

dition and trends working group (ed. by R. Hassan, R. Scholes

and N. Ash), pp. 77–122. Island Press, Washington, D.C.

Mack, R.N. (1996) Predicting the identity and fate of plant

invaders: emergent and emerging approaches. Biological

Conservation, 78, 107–121.

Mack, R.N., Simberloff, D., Lonsdale, W.M., Evans, H., Clout, M.

& Bazzaz, F. (2000) Biotic invasions: causes, epidemiology,

global consequences and control. Issues in Ecology, 5, 1–20.

Malo, J.E., Suarez, F. & Diez, A. (2004) Can we mitigate animal-

vehicle accidents using predictive models? Journal of Applied

Ecology, 41, 701–710.

Margules, C.R. & Austin, M.P. (1991) Nature conservation: cost

effective biological surveys and data analysis. CSIRO — Com-

monwealth Scientific and Industrial Research Organization,

Canberra, Australia.

Margules, C.R., Pressey, R.L. & Williams, P.H. (2002) Rep-

resenting biodiversity: data and procedures for identifying

priority areas for conservation. Journal of Biosciences, 27, 309–

326.

Mercado-Silva, N., Olden, J.D., Maxted, J.T., Hrabik, T.R. &

Zanden, M.J.V. (2006) Forecasting the spread of invasive rain-

bow smelt in the Laurentian Great Lakes Region of North

America. Conservation Biology, 20, 1740–1749.

Mladenoff, D.J., Sickley, T.A. & Wydeven, A.P. (1999) Predicting

gray wolf landscape recolonization: logistic regression models

vs. new field data. Ecological Applications, 9, 37–44.

Moisen, G.G., Edwards, J.T.C. & Osborne, P.E. (2006) Further

advances in predicting species distributions. Ecological Model-

ling, 199, 129–131.

Munoz, J., Felicisimo, A.M., Cabezas, F., Burgaz, A.R. &

Martinez, I. (2004) Wind as a long-distance dispersal vehicle in

the Southern Hemisphere. Science, 304, 1144–1147.



J. P. Rodríguez et al.

© 2007 The Authors
250 Diversity and Distributions, 13, 243–251, Journal compilation © 2007 Blackwell Publishing Ltd

Muñoz, A.R. & Real, R. (2006) Assessing the potential range

expansion of the exotic monk parakeet in Spain. Diversity and

Distributions, 12, 656–665.

Newton, I. (2004) The recent declines of farmland bird popula-

tions in Britain: an appraisal of causal factors and conservation

actions. Ibis, 146, 579–600.

Nogues-Bravo, D. & Agirre, A. (2006) Modelling the spatial loca-

tion of Dupont lark Chersophilus duponti during the breeding

session in the Ablitas Natura Network area (Navarra). Ardeola,

53, 55–68.

Noon, B.R., Murphy, D.D., Beissinger, S.R., Shaffer, M.L. &

Dellasala, D. (2003) Conservation planning for US National

Forests: conducting comprehensive biodiversity assessments.

Bioscience, 53, 1217–1220.

O’Grady, J.J., Burgman, M.A., Keith, D.A., Master, L.L.,

Andelman, S.J., Brook, B.W., Hammerson, G.A., Regan, T. &

Frankham, R. (2004) Correlations among extinction risks

assessed by different systems of threatened species categoriza-

tion. Conservation Biology, 18, 1624–1635.

Osborne, P.E., Foody, G.M. & Suárez-Seoane, S. (2007) Non-

stationarity and local approaches to modelling the distribu-

tions of wildlife. Diversity and Distributions, 13.

Osborne, P.E. & Tigar, B.J. (1992) Interpreting bird atlas data

using logistic-models — an example from Lesotho, Southern

Africa. Journal of Applied Ecology, 29, 55–62.

Patterson, B.D., Ceballos, G., Sechrest, W., Tognelli, M.F.,

Brooks, T., Luna, L., Ortega, P., Salazar, I. & Young, B.E. (2003)

Digital distribution maps of the mammals of the Western Hemi-

sphere, Version 1.0. Natureserve, Arlington, Virginia.

Pearce, J.L. & Boyce, M.S. (2006) Modelling distribution and

abundance with presence-only data. Journal of Applied Ecology,

43, 405–412.

Pearlstine, L.G., Smith, S.E., Brandt, L.A., Allen, C.R., Kitchens,

W.M. & Stenberg, J. (2002) Assessing state-wide biodiversity in

the Florida Gap analysis project. Journal of Environmental

Management, 66, 127–144.

Pearson, R.G. (2006) Climate change and the migration capacity

of species. Trends in Ecology & Evolution, 21, 111–113.

Pearson, R.G., Thuiller, W., Araújo, M.B., Martinez-Meyer, E.,

Brotons, L., McClean, C., Miles, L., Segurado, P., Dawson, T.P.

& Lees, D.C. (2006) Model-based uncertainty in species range

prediction. Journal of Biogeography, 33, 1704–1711.

Pellet, J., Guisan, A. & Perrin, N. (2004) A concentric analysis of

the impact of urbanization on the threatened European tree

frog in an agricultural landscape. Conservation Biology, 18,

1599–1606.

Pereira, H.M. & Cooper, H.D. (2006) Towards the global moni-

toring of biodiversity change. Trends in Ecology & Evolution,

21, 123–129.

Peterson, A.T. & Kluza, D. (2003) New distributional modelling

approaches for gap analysis. Animal Conservation, 6, 47–54.

Post, E., Peterson, R.O., Stenseth, N.C. & McLaren, B.E. (1999)

Ecosystem consequences of wolf behavioural response to climate.

Nature, 401, 905–907.

Real, R., Barbosa, A.M., Martinez-Solano, I. & Garcia-Paris, M.

(2005) Distinguishing the distributions of two cryptic

frogs (Anura: Discoglossidae) using molecular data and

environmental modeling. Canadian Journal of Zoology-Revue

Canadienne de Zoologie, 83, 536–545.

Richardson, D.M. (2004) Plant invasion ecology — dispatches

from the front line. Diversity and Distributions, 10, 315–

319.

Richardson, D.M. & Thuiller, W. (2007) Home away from home

— objective mapping of high-risk source areas for plant intro-

ductions. Diversity and Distributions, 13.

Ridgely, R.S., Allnutt, T.F.T., Brooks, T., McNicol, D.K.,

Mehlman, D.W., Young, B.E. & Zook, J.R. (2003) Digital distri-

bution maps of the birds of the Western Hemisphere, Version 1.0.

NatureServe, Arlington, Virginia.

Rodrigues, A.S.L., Akcakaya, H.R., Andelman, S.J., Bakarr, M.I.,

Boitani, L., Brooks, T.M., Chanson, J.S., Fishpool, L.D.C., Da

Fonseca, G.A.B., Gaston, K.J., Hoffmann, M., Marquet, P.A.,

Pilgrim, J.D., Pressey, R.L., Schipper, J., Sechrest, W., Stuart,

S.N., Underhill, L.G., Waller, R.W., Watts, M.E.J. & Yan, X.

(2004) Global gap analysis: Priority regions for expanding the

global protected-area network. Bioscience, 54, 1092–1100.

Rodríguez, J.P. (2003) Challenges and opportunities for surveying

and monitoring tropical biodiversity — a response to Danielsen

et al. Oryx, 37, 411–411.

Rodríguez, J.P., Simonetti, J.A., Premoli, A. & Marini, M.A.

(2005) Conservation in Austral and Neotropical America:

building scientific capacity equal to the challenges. Conservation

Biology, 19, 969–972.

Root, T.L. & Schneider, S.H. (2006) Conservation and climate

change: the challenges ahead. Conservation Biology, 20, 706–

708.

Sauer, J.R., Hines, J.E. & Fallon, J. (2005) The North American

breeding bird survey, results and analysis 1966–2005, Version

6.2.2005. USGS Patuxent Wildlife Research Center, Laurel,

Maryland.

Sauer, J.R., Pendleton, G.W. & Orsillo, S. (1995) Mapping of bird

distributions from point count surveys. Monitoring bird popu-

lations by point counts (ed. by C.J. Ralph, J.R. Sauer and S.

Droege), pp. 151–160. USDA Forest Service, Pacific Southwest

Research Station, General Technical Report PSW-GTR-149,

Albany, California.

Schadt, S., Knauer, F., Kaczensky, P., Revilla, E., Wiegand, T. &

Trepl, L. (2002) Rule-based assessment of suitable habitat and

patch connectivity for the Eurasian lynx. Ecological Applica-

tions, 12, 1469–1483.

Schlesinger, W.H. (2006) Global change ecology. Trends in Ecology

& Evolution, 21, 348–351.

Scholes, R.J. & Biggs, R. (2005) A biodiversity intactness index.

Nature, 434, 45–49.

Scott, J.M., Davis, F., Csuti, B., Noss, R., Butterfield, B., Groves,

C., Anderson, H., Caicco, S., D’Erchia, F., Edwards, T.C. Jr,

Ulliman, J. & Wright, R.G. (1993) Gap analysis: a geographic

approach to protection of biological diversity. Wildlife Mono-

graphs, 123, 1–41.

Seoane, J., Justribó, J.H., García, F., Retamar, J., Rabadán, C. &

Atienza, J.C. (2006) Habitat-suitability modelling to assess the

effects of land-use changes on Dupont’s lark Chersophilus



Predictive modelling and conservation

© 2007 The Authors
Diversity and Distributions, 13, 243–251, Journal compilation © 2007 Blackwell Publishing Ltd 251

duponti: a case study in the Layna Important Bird Area. Biological

Conservation, 128, 67–78.

Seoane, J., Viñuela, J., Díaz-Delgado, R. & Bustamante, J. (2003)

The effects of land use and climate on red kite distribution

in the Iberian peninsula. Biological Conservation, 111, 401–

414.

Stuart, S.N., Chanson, J.S., Cox, N.A., Young, B.E., Rodrigues,

A.S.L., Fischman, D.L. & Waller, R.W. (2004) Status and trends

of amphibian declines and extinctions worldwide. Science,

306, 1783–1786.

Sutherland, W.J. (2006) Predicting the ecological consequences

of environmental change: a review of the methods. Journal of

Applied Ecology, 43, 599–616.

Thogmartin, W.E., Knutson, M.G. & Sauer, J.R. (2006) Predicting

regional abundance of rare grassland birds with a hierarchical

spatial count model. Condor, 108, 25–46.

Thogmartin, W.E., Sauer, J.R. & Knutson, M.G. (2004) A

hierarchical spatial model of avian abundance with applica-

tion to Cerulean Warblers. Ecological Applications, 14, 1766–

1779.

Thomas, C.D., Cameron, A., Green, R.E., Bakkenes, M.,

Beaumont, L.J., Collingham, Y.C., Erasums, B.F.N., Ferreira de

Siqueira, M., Grainger, A., Hannah, L., Hughes, L., Huntley,

B., Van Jaarsveld, A.S., Midgley, G.F., Miles, L., Ortega-Huerta,

M.A., Peterson, A.T., Phillips, O.L. & Williams, S.E. (2004)

Extinction risk from climate change. Nature, 427, 145–148.

Thuiller, W., Araújo, M.B., Pearson, R.G., Whittaker, R.J.,

Brotons, L. & Lavorel, S. (2004) Uncertainty in predictions of

extinction risk. Nature, 430, 10.1038/nature02716.

Thuiller, W., Broennimann, O., Hughes, G., Alkemade, J.R.M.,

Midgley, G.F. & Corsi, F. (2006a) Vulnerability of African

mammals to anthropogenic climate change under conserva-

tive land transformation assumptions. Global Change Biology,

12, 424–440.

Thuiller, W., Lavorel, S., Sykes, M.T. & Araujo, M.B. (2006b)

Using niche-based modelling to assess the impact of climate

change on tree functional diversity in Europe. Diversity and

Distributions, 12, 49–60.

Thuiller, W., Richardson, D.M., Pysek, P., Midgley, G.F., Hughes,

G.O. & Rouget, M. (2005) Niche-based modelling as a tool for

predicting the risk of alien plant invasions at a global scale.

Global Change Biology, 11, 2234–2250.

Tobalske, C. & Tobalske, B.W. (1999) Using atlas data to model

the distribution of woodpecker species in the Jura, France.

Condor, 101, 472–483.

Travaini, A., Bustamante, J., Rodríguez, A., Zapata, S., Procopio,

D., Pedrana, J. & Martínez-Peck, R. (2007) An integrated

framework to map animal distributions in large and remote

regions. Diversity and Distributions, 13.

Treves, A., Naughton-Treves, L., Harper, E.K., Mladenoff, D.J.,

Rose, R.A., Sickley, T.A. & Wydeven, A.P. (2004) Predicting

human-carnivore conflict: a spatial model derived from 25 years

of data on wolf predation on livestock. Conservation Biology,

18, 114–125.

Underhill, L.G. & Gibbons, D.W. (2002) Mapping and monitor-

ing bird populations: their conservation uses. Conserving bird

biodiversity: general principles and their application (ed. by K.

Norris and D.J. Pain), pp. 34–60. Cambridge University Press,

Cambridge.

Veltman, C.J., Nee, S. & Crawley, M.J. (1996) Correlates of intro-

duction success in exotic New Zealand birds. The American

Naturalist, 147, 542–557.

Vitousek, P.M., D’Antonio, C.M., Loope, L.L. & Westbrooks, R.

(1996) Biological invasions as global environmental change.

The American Scientist, 84, 468–478.

Whittaker, R.J., Araujo, M.B., Paul, J., Ladle, R.J., Watson, J.E.M.

& Willis, K.J. (2005) Conservation biogeography: assessment

and prospect. Diversity and Distributions, 11, 3–23.

Williams, R., Hedley, S.L. & Hammond, P.S. (2006) Modeling

distribution and abundance of Antarctic baleen whales using

ships of opportunity. Ecology Society, 11.

Williamson, M. (1999) Invasions. Ecography, 22, 5–12.

Williamson, M. & Fitter, A. (1996) The varying success of invaders.

Ecology, 77, 1661–1666.

Wilson, K.A., McBride, M.F., Bode, M. & Possingham, H.P.

(2006) Prioritizing global conservation efforts. Nature, 440,

337–340.

SUPPLEMENTARY MATERIAL

The following supplementary material is available for this article:

Appendix S1 Environmental predictors of global extent accessible

through the Internet.

This material is available as part of the online article from:

http://www.blackwell-synergy.com/doi/abs/10.1111/j.1472-

4642.2007.00356.x

(This link will take you to the article abstract).

Please note: Blackwell Publishing are not responsible for the

content or functionality of any supplementary materials supplied

by the authors. Any queries (other than missing material) should

be directed to the corresponding author for the article.

http://www.blackwell-synergy.com/doi/abs/10.1111/j.1472-4642.2007.00356.x

