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We examine the consequences of restricting the range of environmental conditions over
which niche-based models are developed to project potential future distributions of
three selected European tree species to assess first, the importance of removing
absences beyond species known distributions (‘‘naughty noughts’’) and second the
importance of capturing the full environmental range of species. We found that
restricting the environmental range of data strongly influenced the estimation of
response curves, especially towards upper and lower ends of environmental ranges. This
induces changes in the probability values towards upper and lower environmental
boundaries, leading to more conservative scenarios in terms of changes in distribution
projections.

Using restricted data analogous to not capturing the fun species’ environmental
range, reduces strongly the combinations of environmental conditions under which the
models are calibrated, and reduces the applicability of the models for predictive
purposes. This may generate unpredictable effects on the tails of the species response
curves, yielding spurious projections into the future provided that probability of
occurrence is not set to zero outside the environmental limits of the species. Indeed, as
the restricted data does not capture the whole of the response curve, projections of
future species distributions based of ecological niche modelling may be only valid if
niche models are able to approach the complete response curve of environmental
predictors.
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There is an increasing interest in assessing potential

impacts of climate change on species distributions.

Amongst modelling techniques available, niche-based

models, which are designed to approximate species’

ecological niches (Austin et al. 1990), include some of

the most popular methods to project future potential

species distributions (Thuiller 2003).

In spite of the popularity of these models (Guisan and

Zimmermann 2000, Thuiller et al. 2003a), there are

difficulties in projecting species distributions into areas

or times different from those used to calibrate models

(Loehle and LeBlanc 1996, Woodward and Beerling

1997, Lawton 2000). This is because modelled species’

realised niches capture many factors other than species

limits of tolerance to environmental variables (e.g.

competition and historical contingency, Araújo et al.

2001, Leathwick and Austin 2001) and these factors are

not easily predictable (Loehle and LeBlanc 1996).

However, it is possible that increasing the spatial

resolution and extent of the studied area might help

reducing the importance of unpredictable inter-specific

competition in the projections (Beerling et al. 1995).
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One of the critical issues for making reasonable

projections of species distributions into different spatial

or temporal scenarios is to have appropriate descriptions

of species realised niches. Realised niches are commonly

approximated by series of curves describing the like-

lihood of species’ occurrence following a set of environ-

mental predictors using presence/absence or abundance

data.

One of the problems with this procedure is that

modellers often lack information on the overall species

potential or realised distributions. Hence, response

curves are often incomplete descriptions of the responses

of species to environmental predictors. Different authors

have suggested different approaches to tackle this

problem. For example, Austin and Meyers (1996) argued

that the inclusion of zeros beyond species known

distributions (‘‘the naughty noughts’’) might perturb

the correct estimation of response curves and suggested

restricting model calculations within every species

known environmental range. Since statistical models

can fit extreme zeros reasonably, others authors argued

that such restrictions are unnecessary and may lead to

ecologically unrealistic response curves (Oksanen and

Minchin 2002).

On the other hand, biased availability of environmen-

tal conditions are often encountered when modelling

distributions of a large number of species over large

areas a common feature when assessing for instance

biogeographic effects of climate change on communities

(Bakkenes et al. 2002). This is mostly due to restrictions

in data accessibility and sampling strategies, to geo-

graphic constraints (species at the edge of ranges) or

both, preventing the correct capture of the entire

environmental range of species (Thuiller et al. 2003b).

In this study, we examine the consequences of

restricting the range of environmental conditions over

which niche-based models are developed to project

potential future distributions of three selected European

tree species to asses first, the importance of removing

‘‘naughty noughts’’ and second the importance of

capturing the fun environmental range of species.

Methods

Species and climate data

We modelled climate response curves, realised niches and

current and future species distributions for three Eur-

opean tree species: Pinus mugo, Salix appendiculata and

Quercus crenata . We selected species with distributions

restricted to Europe according to Tutin et al. (1964�/

1993) and which occur primarily in central Europe.

This was required because we wanted to maximise the

probability of including species’ complete realised niches

and a central European location maximises the prob-

ability of species occurring in the centre of climatic

gradients. Current distributions were taken from the

Atlas Florae Europaeae (AFE) (Jalas and Suominen

1972�/1996), which uses 2610 UTM 50�/50 km grid cells

and was digitised by Lahti and Lampinen (1999). Four

environmental variables were selected and converted

from 0.58 latitude �/ longitude maps to UTM 50�/50

km grid cells. These included: mean ratio of annual

actual evapotranspiration over annual potential evapo-

transpiration (AET/PET), mean annual growing degree

days (58) (GDD), mean temperature of the coldest

month (MTC), and mean annual precipitation (MAP)

(Michell pers. comm.).

Models

To describe species’ response curves and approximate

current realised niches we used generalised additive

models (GAM) (Hastie and Tibshirani 1990, for a

comparison with other methods, see Thuiller et al.

2003a). We evaluated the fit of the models with a

calibration set of 70% randomly chosen points. Then

we compared the fit with projections using the 30%

remaining set using a threshold independent method, the

area under the relative operating characteristic (ROC)

curve (AUC, Hanley and McNeil 1982, Pearce and

Ferrier 2000). Three models were run for every species

according to the following protocol: 1) using all climatic

conditions available for the study area; 2) using data

restricted to the climate range of species but by setting a

limit to include at least 100 observations of the species

absence above and below the last presence (for more

detail see Austin and Meyers 1996, Austin et al. 1994); 3)

using restricted data without zeros spanning beyond the

climatic range of species.

The first case corresponded to what is commonly used

to project future species distributions (e.g. Bakkenes et

al. 2002, Peterson et al. 2002, Thuiller 2003). We

considered this data as the reference model for compar-

ison with the remaining models. The second case was

performed to test if removing naughty noughts could

disturb or improve the projected future distributions.

The third case was aimed at analysing the impact of not

capturing the full environmental range of species and to

project distributions outside the environmental limits

used to calibrate models. We assume that cutting the

data just after the last presence on each gradient would

be similar to having species with just the edge of their

distributions in the studied area, or to have insufficient

sampling points beyond a given location. To compare

the predictive accuracy of models, using a same range of

environmental data, we evaluated the three models on

the evaluation data from the restricted data.
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Projected response curves

Response curves were then used to project species

distributions on a larger European window using current

and future climatic data at finer resolution (10? grid)

(Thuiller et al. in press). Projections for the reference

model were carried out simply by using the model

calibrated on ‘‘all data’’ and projecting on the new

data set. For ‘‘restricted�/100’’, we followed Austin and

Meyers (1996) approach, projecting models onto a new

data set, but setting probabilities equal to zero above and

below the climatic limits used to calibrate models.

Assuming that ‘‘restricted’’ data for a selected species

could correspond to a sub-set of the full suitable

environmental range of the species, we extrapolated the

response curve outside the environmental conditions

used to calibrate the model without setting probabilities

equal to zero outside the environmental range used to

calibrate model. This method is commonly used when

researchers predict and project large dataset of species

without knowing if they captured the full environmental

range of each species (e.g. Bakkenes et al. 2002, Thuiller

2003). Alternatively, as previous projections could lead

to less accurate distributions, we also projected models

by setting probabilities to zero outside the environmental

range used to calibrate model.

Mapping of projected and future distributions

We then mapped current projected species distributions

from each model. We also estimated potential future

distributions using the third Hadley Global Circulation

Model (HadCM3) under one emission scenario (A2) at

the same resolution (For details of emission scenarios,

see the IPCC’s Special Report on Emissions Scenarios,

Nakicenovic and Swart 2000).

Results

The predictive accuracy of models was similar for all

models (Table 1).

Calibrated response curves

The shapes of response curves were also similar across

the three models, although the removal of zeros beyond

the species current climatic (‘restricted’ model) range

affected the tail of response curves. We illustrated this by

analysing the response curve for the most significant

variable among all species, i.e. mean temperature of the

coldest month (MTC) (Fig. 1).

For the whole selected species, curves were similar

between models but with marked differences in the tails.

Left tails for the ‘‘restricted’’ models showed noticeable

difference (higher probability values) with the two other

models for all species. Response curve for Salix appendi-

culata using ‘‘restricted�/100’’ data had, however, higher

probability values than response curve derived from ‘‘all

data’’ (Fig. 1).

Projected response curves

Projected response curves, showed that the differences,

between the approaches of setting probabilities equal to

zero outside the environmental range used to calibrate

the models and of letting the models estimate the

response without any constraint, were important (Fig.

2). The projected response of ‘‘restricted data’’ model

without setting probability values equal to zero outside

the environmental range used to calibrated models

exhibited an strong increase of probability of occurrence

for cold temperatures while ‘‘all data’’ model exhibited

the inverse trend. This had strong implications for the

mapping.

Mapping of projected and future distributions

For instance, projections of Quercus crenata using

‘‘restricted’’ models differed noticeably according to

the approach used. Setting probability values equal to

zero outside the environmental limits used to calibrate

models provided similar projections than ‘‘restricted�/

100’’ (Fig. 3d). If probability values outside the cali-

brated environmental limits were not setting to zero,

projections completely over-estimated the observed dis-

tribution of Q. crenata . This later method showed a

strong monotonic increase of probability with a decrease

of temperature resulting from a problem of the left tail of

the fitted response curve (Fig. 2b) that increased for low

values of temperature. So when the response curve was

projected to the larger European window, the response

curve for low temperature continued to increase while

Table 1. Area under the curve (AUC) of the ROC approach
describing the accuracy of each model projected on restricted
evaluation data. Salix app. is the abbreviation of Salix
appendiculata . AUC is ranging from 0.5 to 1. AUC�/0.5: null
accuracy and AUC�/1: excellent accuracy.

Models AUC
Evaluation

AUC
SdDev

Pinus mugo ‘‘all data’’ 0.87 0.027
‘‘restricted�/100’’ 0.87 0.026
‘‘restricted’’ 0.86 0.027

Salix app. ‘‘all data’’ 0.90 0.022
‘‘restricted�/100’’ 0.91 0.022
‘‘restricted’’ 0.91 0.022

Quercus crenata ‘‘all data’’ 0.86 0.074
‘‘restricted�/100’’ 0.87 0.070
‘‘restricted’’ 0.86 0.063
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the response curve for ‘‘restricted�/100’’ and ‘‘all data’’

had been set to 0 (Fig. 2b).

Projections of Quercus crenata distribution were very

similar between ‘‘all data’’ and ‘‘restricted�/100’’ models

(Fig. 3b�/c). Projections using ‘‘restricted�/100’’ data

and setting probability values equal to zero outside the

environmental range used to calibrate models showed

more conservative distribution than ‘‘all data’’ model.

Difference between methods to project ‘‘restricted’’

models was exacerbated in the future with spurious

projections for models without setting zeros outside the

environmental limits of calibrated model (Fig. 4c�/d).

Again, ‘‘restricted�/100’’ projections were still more

conservative than projections using ‘‘all data’’ models

(Fig. 4a�/b).

Discussion

We found that restricting the environmental range of

data strongly influenced the estimation of response

curves, especially towards upper and lower ends of

environmental ranges. This has a consequence of first

modifying the probability values towards upper and

lower environmental boundaries, and second leading to

more conservative or liberal projections, depending on

the approach.

Effect of restriction the range of environmental

conditions on model accuracy

We applied the approach proposed by Austin and

Meyers (1996) concerning the effects of naughty noughts

Fig. 1. Comparisons of the shapes of the response functions of
MTC of the three different models: (a) Pinus mugo ; (b) Salix
appendiculata ; and (c) Quercus crenata .

Fig. 2. Projections of response curve of Quercus crenata on
larger spectrum of climate data at finer resolution. (a) The three
models setting probability values equal to zero outside the
environmental limits used to calibrate models; (b) Same as (a)
but without setting probability values equal to zero outside the
environmental limits used to calibrate models for the restricted
model.
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to approximate the species’ realised niche in a different

context, that is of projecting distribution outside the

geographic area used to calibrated models and modelling

the future distribution of species under global change.

We showed that in terms of accuracy, both ‘‘all data’’

and ‘‘restricted�/100’’ were quite similar which demon-

strated that removing the naughty noughts does not

improve or change the predictive performance of models.

Fig. 3. Spatial distribution of Q. crenata
projected on the whole Europe (lat-long
10?�/10?). (a) Observed distribution from
Atlas Florae Europaeae; (b) Projected
distribution using ‘‘all data’’ model on current
climate; (c) Projected distribution using
‘‘restricted�/100’’ model on current climate
with setting probability values equal to zero
outside the environmental limits used to fit
models; (d) Projected distribution using
‘‘restricted’’ model on current climate with
setting probability values equal to zero outside
the environmental limits used to fit models; (e)
Projected distribution using ‘‘restricted’’
model on current climate without setting
probability values equal to zero outside the
environmental limits used to fit models.
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The projections of realised niche on 10? grid and into

future climatic conditions demonstrated that removing

the naughty noughts to calibrate models and project

distribution setting probability values equals to zero

outside the environmental limits used, provided more

conservative distributions than using all data without

restrictions. These results were in total agreement with

Austin and Meyers (1996). However, Austin and Meyers

(1996) regarded over-predictions as a serious error

whereas in a context of global change we tend to regard

under-predictions as more serious. When considering

using niche-based models to project future distributions,

reasonable over-predictions are regarded as existing

suitable habitats that species have yet not occupied

because of history, constraints to dispersal or other

ecological non-equilibrium reasons. From a conservation

perspective, such suitable habitats are of interest as they

locate the availability of potentially suitable areas, which

may then used to plan reintroductions of species or

relocate reserves.

Moreover, from a more ecological standpoint, one can

see species environmental responses as a gradual con-

tinuum along ecological gradients and, as such, it seems

more intuitive that species probability of occurrence

decreases gradually beyond where it is found rather than

assuming a truncated response in which the probability

of species occurrence becomes zero beyond the current

extent of occurrence.

Effect of restricting the range of environmental

conditions beyond the limits used to calibrate models

Restricting data entails several implications and con-

sequences: First, absences are often true absences

providing potentially relevant information on species

ecology. Using restricted data (similar to not capture the

full species’ environmental range) reduces strongly the

combinations of environmental conditions under which

the models are calibrated, and reduces the applicability

Fig. 4. Future spatial distribution of Quercus
crenata according to Hadcm3 climate change
scenario. Future distribution using: (a) ‘‘all
data’’ model; (b) ‘‘restricted�/100’’ model
setting probability values equal to zero outside
the environmental limits used to fit model; (c)
‘‘restricted’’ model setting probability values
equal to zero outside the environmental limits
used to fit model; (d) ‘‘restricted’’ model
without setting probability values equal to
zero outside the environmental limits used to
fit model.
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of the model for predictive purposes (Pearson and

Dawson 2003). This problem has important implications

when future projections of species distributions are

sought. In particular, species niche from restricted data

sets might be seen as analogous to the modelling of

species niche from a limited geographic location not

covering the complete range of environmental conditions

in which species may occur. We have shown that in such

cases, there were two possibilities in projecting models to

novel environmental conditions: the first was to project

distributions using the calibrated models and second was

to project using the calibrated model but setting

probabilities equal to zero outside the environmental

limits used to calibrate them. The first approach

provides liberal projections and second can under-

predict the true distribution. The question remains as

to which is the best approach: to model species niche

from a limited geographic extend (edge of distribution)?

Or to project distribution outside the environmental

limits used to calibrate the models? In the absence of

accurate information on the extent of environmental

conditions used to calibrate niche-based models, it might

be advisable to project to unknown environmental

conditions by using a conservative approach as recom-

mended by Austin and Meyers (1996) in another

context.

Secondly, from the perspective of predictive model-

ling, restricting conditions on which models are cali-

brated may generate unpredictable effects on the tails of

the species response curves, yielding spurious projections

into the future (without setting probability values equal

to zero outside the environmental limits). Indeed, as the

restricted data does not capture the whole of the

response curve, projections of future species distribu-

tions based of ecological niche modelling may be only

valid if niche models are able to approach the complete

response curve of environmental predictors. As an

example of how considering such constraints into

bioclimatic modelling, Pearson et al. (2002) carried out

species niche models at the European scale to include the

fun bioclimatic envelope of the species studied and then

downscaled in its application to Great Britain, ensuring

that when applied to future climate scenarios the model

is not used to extrapolate outside its training data range.

Our results support this method as being more suitable

to extrapolate species distribution from bioclimatic

models because it includes a large part of the range of

species distribution and of the environmental combina-

tions where the species currently occur or not.
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