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Maculinea nausithousis the most endangered Iberian butterfly, being included in the
Bern and Habitat directives and in the Spanish Red Book for invertebrates. We map
its potential distribution in the Iberian Peninsula, identifying potentially suitable areas
where to focus future surveys. Using presence/absence data and a set of environmental
variables, the distribution of M. nausithous was modelled using Generalized Additive
Models. Model results were filtered using land cover data to identify the anthropogenic
grasslands inhabited by the species. The model obtained indicates that some Iberian
areas that currently do not support M. nausithous populations could be environmen-
tally suitable for the species. The reasons for these absences are discussed. Indeed,
field surveys identified possible sources of uncertainty at finer scale, highlighting that
deficiencies in land use GIS data might constitute an important source of error, able to
explain both commission and omission errors (i.e., over and underpredictions) of the
model.

cies (e.g. Chefaoui et al. 2005, the ‘Grinnellian
niche’ according to Soberén 2007), to locate

Species distribution modelling relates species
records with a set of variables, building a math-
ematical function that can be interpolated or
extrapolated to areas with absence of informa-
tion on the focus species (Guisan & Zimmer-
mann 2000). These techniques are being increas-
ingly used in solving a variety of problems (see
Peterson 2006 for a review). They can be used
to define the environmental adaptations of spe-

new populations of rare and/or endangered taxa
(e.g. Bourg et al. 2005, Peterson & Papes 2006,
Jiménez-Valverde & Lobo 2007a) or to identify
areas with the environmental requirements of
the focus species where to direct future survey
efforts (Raxworthy et al. 2003). Other uses
in conservation include highlighting areas for
translocations and application for reserve system
design (Peterson 2006).
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Fig. 1. (a) Observed and (b) potential distribution of Maculinea nausithous in the Iberian Peninsula. Black dots in a
indicate recorded occurrences (data obtained from Garcia-Barros et al. 2004), and black areas in b indicate loca-
tions where the probability of occurrence goes beyond the optimal threshold for M. nausithous (1 = Pyrenees; 2 =
Cantabric Mountains; 3 = Sierra de la Demanda and Picos de Urbién; 4 = Serrania de Cuenca (left) and Sierra de
Gudar (right); 5 = Central System). Areas inside squares in b are those with known occurrences of the butterfly.

Maculinea is a Palaeartic butterfly genus
comprising six species, four of them present in
the Iberian Peninsula. Maculinea species are
declining in most European countries as a result
of habitat degradation (Wynhoff 1998, Munguira
& Martin 1999). Their dependence on open habi-
tats maintained by traditional land uses (grazing,
mowing) puts their populations under extinction
risk when changes in these uses occur (Thomas
1980, Munguira & Martin 1993, 1999). As a
result, Maculinea species are listed as endan-
gered in almost every European country having
Red Lists (Munguira & Martin 1999).

Maculinea nausithous is the most endan-
gered butterfly species in the Iberian Peninsula.
Its status is vulnerable according to the Red
Book of Invertebrates of Spain (Munguira et al.
2006), and is also included in the Bern and Habi-
tat directives (two European directives aiming
to preserve target species and habitats through
national policies and the cooperation of member
states; Munguira & Martin 1994, Munguira et
al. 2006). Maculinea nausithous requires highly
specialized habitats (Munguira et al. 2006). Its
typical habitat is wet grasslands with dense and
relatively tall vegetation (30—-100 cm high), sur-
rounded by forest, maintained by grazing or
mowing, and with the presence of the host
plant Sanguisorba officinalis (Garcia-Barros et
al. 1993, Munguira et al. 2006). This is the only

known host plant for the species (Munguira
et al. 1997, Munguira et al. 2006), which also
grows in wet grasslands and river banks. Similar
to other Maculinea species, M. nausithous is a
parasite of Myrmica ants (Thomas et al. 1989,
Elmes et al. 1998). Two host species have been
reported for M. nausithous, Myrmica rubra and,
less commonly, Myrmica scabrinodis (Munguira
& Martin, 1999). The presence of M. nausithous
has been confirmed only at 17 localities in the
Iberian Peninsula, divided in three isolated core
areas: the Cantabric Mountains, and Soria and
Madrid provinces (Fig. 1a).

Here, we describe the potential distribution
of Maculinea nausithous in the Iberian Peninsula
with the aim of seeking potentially unknown
populations. Thus, the two main goals of this
study are: (1) to elaborate a potential distribution
model for the species in the Iberian Peninsula
highlighting areas that could potentially harbour
this endangered and rare species, and (2) to iden-
tify those areas environmentally suitable for the
butterfly but insufficiently sampled. To do this,
we use environmental data on the factors known
to affect the species; given the dependence of M.
nausithous on its host plant and ant species, we
take into account also their recorded and poten-
tial distributions. We use the results to stress
some of the precautions and considerations that
must be necessarily taken into account when
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Fig. 2. Observed and potential distributions of the three Maculinea nausithous host species in the Iberian Penin-
sula: (a) Sanguisorba officinalis, (b) Myrmica rubra and (¢) Myrmica scabrinodis. Black dots indicate observed
occurrences of the three species, obtained from Anthos Project (www.programanthos.org) in the case of S. officina-
lis, and from www.hormigas.org in the case of the two Myrmica species. Areas with probability of occurrence higher

than the selected optimal threshold score are shown in grey.

distribution models of specialist species are built
for conservation purposes when reliable infor-
mation about their absence is lacking.

Material and methods
Distribution data

Data on the presence of Maculinea nausithous
in 100-km?> UTM squares were extracted from
Garcia-Barros et al. (2004). In total, the spe-
cies has been recorded only in 17 UTM squares
(herein, presence points) in the Iberian Penin-
sula (Fig. la). The distribution of Sanguisorba
officinalis (the host plant) (90 presence points)
was obtained from the Anthos Project webpage
(http://www.programanthos.org; Fig. 2a). In the
same way, the distributions of Myrmica rubra (37
presence points) and Myrmica scabrinodis (68
presence points) were obtained from http:/www.
hormigas.org (Fig. 2b and c).

Environmental data

Four environmental variables were used to char-
acterize the environmental conditions in each
of the 100 km? Iberian Peninsula UTM squares:
mean altitude, mean annual temperature, tem-
perature range (summer maximum minus winter
minimum) and total precipitation in spring.
These variables were chosen due to their known
influence on butterfly distributions: altitude is a

widely used surrogate for environmental gradi-
ents (see Guisan & Hofer 2003), and temperature
and precipitation are widely recognized to affect
butterfly populations (Pollard & Yates 1993). We
also selected spring precipitation as a specific
predictor of the distribution of M. nausithous,
since this variable is known to affect adult flight
of this species (Nowicki et al. 2005a). Here,
using a few variables with a recognized impact
on the focus species is a preferable strategy as
opposed to using a high number of variables
and leaving the final selection of the retained
variables to automatic procedures (e.g., step-
wise selection), since models built from factors
already known to affect the species are likely to
be more robust than models built automatically
by correlating numerous variables with the avail-
able data (Austin 2007).

Altitude was obtained from a Digital Ele-
vation Model (Clark Labs 2000), and climate
variables are courtesy of the Spanish Instituto
Nacional de Meteorologia and the Portuguese
Instituto de Meteorologia. All variables were
standardized to 0 mean and 1 standard devia-
tion to eliminate the effect of measurement-
scale differences. In addition, the distribution of
anthropogenic grasslands was extracted from the
CORINE Land Cover 2000 GIS layer (European
Environment Agency 2005) (herein CLC) at
100-m resolution. This variable was used to filter
potentially suitable areas from those defined by
climate requirements, accounting for the impor-
tance of habitat characteristics in delimiting M.
nausithous distribution.
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Modelling process

Given that we had reliable data only for the pres-
ence of the studied species, we used a simple
modelling technique to gather data on absence
before modelling their potential distributions.
In creating pseudo-absence (i.e. data from sites
where the species is highly likely to be absent)
from outside the environmental domain of pres-
ence, restricting predictions were allowed where
needed (Engler et al. 2004, Lobo et al. 2006)
to avoid the use of unreliable absence infor-
mation in the modelling process (Jiménez-Val-
verde et al. 2007). As proposed by Engler et
al. (2004), we used Ecological Niche Factor
Analysis (ENFA; Hirzel et al. 2002) to create
these pseudo-absences for M. nausithous, S.
officinalis and the two Myrmica species. ENFA
develops habitat suitability maps using a specific
ordination technique to explore the relationships
between the presence of a species and environ-
mental gradients, and assigns a degree of suit-
ability to each point on a map (typically from
0 to 100) (see Hirzel et al. 2002 for a complete
description of the process). We performed ENFA
analysis using Biomapper 3.1 software (Hirzel et
al. 2003), applying the geometric mean distance
algorithm to compute habitat suitability maps
(see Hirzel et al. 2002, Hirzel & Arlettaz 2003).
All squares with habitat suitability values of zero
were considered as pseudo-absences. Maculinea
nausithous is able to disperse over distances of
around 5 km (Munguira & Martin 1999, Nowicki
et al. 2005b), so some individuals could be found
in relatively unsuitable areas located near the
core populations. Therefore, a buffer zone of one
pixel (10 km) was established around confirmed
presences, and pixels with zero habitat suitability
occurring inside these buffer zones were not con-
sidered as pseudo-absences. If available, as many
as ten times more pseudo-absence than presence
points (n = 170 for M. nausithous; n = 900 for S.
officinalis; n = 148 for Myrmica rubra; n =77 for
Mpyrmica scabrinodis) were randomly selected to
be used in the following modelling process, since
lower presence/absence ratio scores could bias
the model results obtained (King & Zeng 2001).
The presence/absence of the butterfly and its
host species were modelled using Generalized
Additive Models (GAMs; Hastie & Tibshirani

1990), with a logit link function. GAMs are semi-
parametric extensions of Generalized Linear
Models, and are known to perform reasonably
better than other widely-used modelling tech-
niques (e.g. Ferrier & Watson, 1997). Given that
the selection of the appropriate degrees of free-
dom is not a straightforward task, GAMs with
penalized regression splines were used to build
predictive models (Wood & Augustin 2002). As
a first step, smoothed terms with 4 initial degrees
of freedom were regressed independently against
the response variable in order to determine sig-
nificant predictors. Afterwards, significant terms
were introduced in the model and selected using a
manual backward procedure following the criteria
proposed by Wood and Augustin (2002) (see this
reference for a complete explanation of GAMs
with penalized regression splines). Models were
fitted in R (R Development Core Team 2004)
using the mgcv package (Wood 2004).

Accuracy in model predictions was assessed
using a jackknife procedure, a technique which
yields relatively unbiased estimates of model
performance (Olden et al. 2002). Data-demand-
ing evaluation techniques like splitting data into
independent training and evaluation sets were
discarded due to low sample sizes of our biologi-
cal datasets. Sample size has a great impact on
model accuracy (Stockwell & Peterson 2002), so
we preferred to use all the available information
for training, employing an alternative measure of
overfitting such as jackknife validation (Vaughan
& Ormerod 2005). Here, an observation is
excluded and the model is parameterized again
using the remaining n — 1 observations to obtain
a predicted probability score for the excluded
observation. This procedure is repeated n times
(one per observation), and the receiver operat-
ing characteristics (ROC) technique is applied to
these new jackknife probabilities, using the area
under the curve (AUC) as a measure of discrimi-
nation power when models are validated with
data not used in the training process (Fielding
& Bell 1997). AUC varies from 0.5 (discrimina-
tion ability no better than random) to 1 (perfect
discriminatory ability). In addition, sensitivity
and specificity (presences correctly predicted
as presences and absences correctly predicted
as absences, respectively) were calculated from
these new jackknife probabilities; as these two
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Fig. 3. Grasslands (black areas) potentially suitable for Maculinea nausithous in (a) the Cantabrian Mountain range
(area 2), (b) the Sierra de la Demanda and Picos de Urbion (area 3) and (c) the Central System Mountain range
(area 5) after deleting the area without anthropogenic pastures (circles = records of M. nausithous; squares = sam-

pling locations).

accuracy measures depend on the value above
which probabilities are considered as presences,
we applied the threshold which minimizes the
difference between sensitivity and specificity
(Jiménez-Valverde & Lobo 2007b). All these
computations were run in R (R Development
Core Team 2004) using the ROCR package
(Sing et al. 2005) and own scripts.

Field surveys

Several locations where the model predicts the
potential presence of the species but where the
species has not yet been recorded were visited to
evaluate model reliability (Fig. 3). A pilot field
study carried out by three trained surveyors in
the areas where the presence of the butterfly was

already known showed that the detectability of
the species is high: if M. nausithous is present,
flying individuals are seen in no more than 5
minutes once the suitable habitat (i.e., wet areas
with S. officinalis stems in open grasslands) is
located. Therefore, all grassland patches within
each UTM 100 km? identified as potentially
suitable by the model were sampled during 15
min by the three abovementioned surveyors. If
the butterfly was not detected after this time, its
absence from the grassland patch was assumed,
and confirmed for the UTM once all suitable land
patches were surveyed. Surveys were carried out
on 17-25 July 2005 to coincide with the species
flight peak (see Munguira & Martin 1993), and
between 10.00-13.00 and 17.00-19.00, in order
to avoid the hottest hours when flight activity
is reduced. Sampling locations were selected
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according to accessibility because of the extent
of the study and resource limitations.

Results

The probability of presence of M. nausithous is
highly related with the four variables considered
(Table 1). Mean altitude and mean annual tem-
perature were the two factors that accounted for
the highest percentage of explained variation,
and were the only variables retained in the final
model; they accounted for 75.3% of the devi-
ance. Model accuracy was also high, according
to its jackknife AUC score (0.98), and to its high
sensitivity and specificity scores, 0.94 and 0.95
respectively.

The extrapolation of this model to the entire
Iberian territory identifies five areas that could be
suitable for the butterfly (Fig. 1b): the Pyrenees
Mountain range (area 1), Leén Mountains and
Sierra de la Cabrera at the Cantabric Mountain
Range (area 2), Sierra de la Demanda and Picos
de Urbién in the northern part of the Iberian
Mountain Range (area 3), Serrania de Cuenca
and Sierra de Gudar in the southern part of the
Iberian Mountain Range (area 4), and Sierra de
Guadarrama and Somosierra in the Iberian Cen-
tral System Mountain Range (area 5).

The distributions of the three hosts of M.
nausithous (either known or potential), are much
wider than the area potentially suitable for the
target butterfly species (Fig. 2). The model for S.
officinalis retained only mean annual temperature
(2.24 e.d.f.), which explained 97.2% of the vari-
ance (AUC = 0.99, specificity = 0.98, sensitivity
= 0.98). The potential distribution of this plant
(Fig. 2a) extends through most of the northern
half of the Iberian Peninsula, the Southern Cen-
tral Plateau, and the Baetic Mountain Range,

being much wider than the potential distribution
of M. nausithous. The model for Myrmica rubra
retained mean annual temperature (1.832 e.d.f.)
and total precipitation in spring (1.000 e.d.f.),
explaining 99% of the variance (AUC = 0.99,
specificity = 0.99, sensitivity = 1.00) and pre-
dicting suitable environmental conditions practi-
cally all over the Iberian Peninsula, except in the
southern east and in the Guadalquivir river basin
(Fig. 2b). The model for Myrmica scabrinodis
retained only mean annual temperature (1.816
e.d.f.), which explained 99% of the variance
(AUC = 0.99, specificity = 0.99, sensitivity =
1.00) and predicted suitable environmental con-
ditions all over the Iberian territory (Fig. 2c).
After excluding the areas without anthropo-
genic pastures, no sites with suitable habitat for
the butterfly were found in the southern part of
the Iberian Mountain Range (Serrania de Cuenca
and Sierra de Gudar, area 4). The Pyrenees
Mountain Range (area 1), on the contrary, har-
bours favourable combinations of environmental
conditions and habitats, but the species has not
been recorded in that area (in spite of been erro-
neously included in the Habitat Directive of the
Catalonian regional government, C. Stefanescu
pers. com.). The butterfly has been recorded in
the three remaining large areas (Fig. 3). The addi-
tional sampling carried out in areas 2 and 3 (see
locations in Fig. 3) failed to detect any previously
unconfirmed M. nausithous population.

Discussion

Potential distribution of Maculinea
nausithous

The large-scale geographic range of M.
nausithous does not seem to be limited by the

Table 1. Relationship between the probability of presence of Maculinea nausithous and the four environmental vari-
ables used as predictors (e.d.f, estimated degrees of freedom).

Variable Explained deviance (%) e.d.f Va p<
Altitude 66.8 1.947 11.58 0.01
Precipitation at spring 22.8 1.000 24.94 0.01
Temperature range 25.2 2.274 12.70 0.01
Mean temperature 68.8 1.916 10.57 0.05
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presence of its host plant or host ant species,
which present a wider potential (and actual) dis-
tribution in the Iberian Peninsula. This is not sur-
prising, as guest insects usually have narrower
distribution ranges than their hosts (Gaston
2003). The model for M. nausithous highlights
potentially suitable areas in most mountain areas
of the northern half of the Iberian Peninsula, as
expected by the altitudinal preferences reported
in the literature for this species (Munguira &
Martin 1993).

The extrapolation of the potential distribu-
tion of M. nausithous identifies some potentially
suitable areas where the species has not been
recorded (and is likely to be absent) at the Pyr-
enees and Serrania de Cuenca-Sierra de Gudar
(areas 1 and 4, respectively). This implies that
other factors apart from environment are shaping
its current distribution. Absence of M. nausithous
from area 4 is easily explained by the absence of
a suitable habitat (anthropogenic grasslands). Its
absence from the Pyrenees, however, should be
attributed to non-environmental factors such as
extinction, biotic interactions, or simply the spe-
cies has not been detected due to an insufficient
sampling effort.

Although temperature constraints may be
excluding M. nausithous from the mountain
ranges of southern and western Iberia, something
else could also be responsible of this distribu-
tional pattern. Most Iberian butterfly species are
of Eurosiberian origin and colonized the Iberian
Peninsula through the Pyrenees (Dennis et al.
1995a, 1995b), spreading most times throughout
the interconnected Iberian mountain ranges. Due
to this, the peninsular effect has been outlined as
an explanation for the diversity gradient shown
by Iberian butterflies (Martin & Gurrea 1990,
2003, but see Hortal et al. 2004). Licaenids are
especially sensible to this effect because of their
relatively low dispersal capacity when compared
with the rest of butterfly families (Martin &
Gurrea, 1990). Thus, M. nausithous could be
excluded from the southern and western Iberian
mountain ranges simply because its populations
have not been able to reach them. The outcome
of this historical process will show a spatial pat-
tern highly correlated with some environmental
gradients (especially at the west, see Hortal ef al.
2004); this fact hinders the task of discriminating

the relative importance of historical and environ-
mental hypotheses with correlative techniques,
such as the one used in this study. Therefore,
although our results indicate that environmental
limitations are the most plausible explanation for
the absence of the species in Portugal in the west
or the Baetic mountain range in the southeast,
we cannot discard the alternative hypothesis of
limited post-glacial dispersal as a cause for this
pattern, especially taking into account that the
species is also absent from some areas that we
identify as potentially suitable (see above).

Areas to survey in the future

We overlaid the 50 x50 km Iberian UTM
squares identified as well-sampled (>90% but-
terfly species recorded) by Romo and Garcia-
Barros (2005) on our model extrapolations, to
identify areas environmentally suitable for M.
nausithous but insufficiently sampled (Fig. 4).
The absence of sampling effort is apparent in the
western part of the Cantabrian Mountain range,
Sierra de la Cabrera and Montes de Leodn, as
well as in Somosierra and Sierra del Cadi and
surroundings in the Pyrenees Mountain Range.
Given that additional intensive surveys could
reveal many new sites for M. nausithous (see
Settele 2005), we suggest that intensive survey
campaigns should be carried out in these areas
in the future.

Cautions when modelling specialists’
distributions

Negative results in our field surveys may be
due to non-detection. However, field surveys
with negative results in area 3 highlight one
important source of uncertainty in predictive
models: errors in environmental layers. These
survey locations coincide with anthropogenic
grasslands, but clearly not the kind of grasslands
that M. nausithous requires; they were unman-
aged and much drier than the grasslands where
presence locations have been confirmed. Moreo-
ver, several records in areas 2 and 3 are located
in UTM squares with no grasslands according
to the available CORINE Land Cover data, as
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Fig. 4. Potential distribution of Maculinea nausithous and 50 x 50 km UTM squares identified as well-sampled by
Romo and Garcia-Barros (2005). Black dots are the 17 known records for the butterfly. Circles indicate the areas
suggested for future surveys (a = western part of the Cantabrian Mountain range, Sierra de la Cabrera and Montes
de Ledn; b = Somosierra; ¢ = Sierra del Cadi and surroundings).

shown in Fig. 3. CLC data are known to suffer
from classification errors (European Environ-
ment Agency 2002, Erhard et al. 2004), i.e, the
allocation of an incorrect category to a pixel,
which may negatively affect a fine-resolution
work. Apart from errors in the classification of
satellite data, there are problems associated with
the difficulty of separating overlapping classes
of the CLC legend (Felicisimo & Gago 2002).
Thus, although CLC data are readily available
and their use for Maculinea habitat studies has
previously been suggested (Munguira & Martin
1999), they should be used with extreme caution
when taking fine-scale management decisions.
Their inclusion is, nevertheless, necessary when
modelling habitat-specific species at a coarse
resolution, given that ignoring them would con-
siderably overestimate potential distributions.
Grasslands present in sampling sites from
area 2 were, a priori, appropriate for Maculinea,
based on our field experience. Suitable grass-
lands, usually with high densities of the host
plant, were found but no butterfly populations
were detected. Although the absence of records
is not the equivalent of the true absence of the
butterfly (given that the species could be present
but not yet detected by surveyors), the con-
spicuousness of this species makes these field
absences quite reliable. Thus, absences assumed
to be reliable could be attributed to (i) extinction

of current populations, (ii) areas never reached
by the butterfly, (iii) metapopulation dynamics
(i.e., sink habitats), and (iv) a missing fine-scale
key factor, such as absence or local spatial struc-
ture and size of Myrmica populations (Elmes et
al. 1998, Anton et al. 2005), grass height, wind
protection, incident solar radiation, cover of
shrubs, etc., which make the grasslands unsuit-
able for the butterfly.

Concluding remarks

Predictive models of species distribution based
on climate and topographic variables can be used
to delimit the potential distribution range on
broad scales, and highlight areas that can poten-
tially sustain undiscovered populations of rare
species. The methodology followed in this study
can be applied to other rare species from different
taxonomic groups. The climate that describes the
environmental requirements of a species is first
constrained by historical and unique events that
cause the absence of the species from environ-
mentally suitable places (Soberén 2007). Then,
the resultant potential distribution is shaped a
posteriori by historical and dispersal limitations,
biotic interactions and habitat selection. Thus,
although broad-scale distribution models are a
necessary first step in any large-scale study of the
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geographic range of an endangered species, their
output should never be used as a direct estimate
of its actual distribution. Rather, their most direct
use could be the detection of suitable locations,
which might become the focus of additional
survey effort to find new populations of the spe-
cies and update, in this way, its distribution map
(see also Raxworthy et al. 2003).

Nevertheless, this study has pointed out sev-
eral drawbacks that must be considered when
working on a finer scale with a species present-
ing highly specific habitat and biological require-
ments. In the case of M. nausithous, an additional
problem arises from the absence of information
on a key factor such as the fine-grain data on the
distribution of its hosts (S. officinalis and the two
Myrmica species), which can only be overcome
with additional field work designed to construct
highly-detailed maps (see, for example, Hol-
loway et al. 2003). Indeed, land-use information
obtained from widely available sources, such as
the CLC project, must be used with caution. If
fine-resolution results are needed, other sources
of information should be employed, such as
aerial photographs or detailed field work. Errors
or lack of fine-resolution information such as
the here highlighted can be serious over large
areas, aggregating along the territory and, so,
directly affecting broad-scale potential distribu-
tion models.

This work illustrates a real example of field
application of a distribution predictive model,
something that is rarely done. The main prob-
lem is found when the model is applied to the
area of interest but the focus species is not
found. These may be the cause of historical fac-
tors that deserve further attention and, then, the
hypotheses generated by the models are interest-
ing tools for exploring biogeography questions
(see Peterson 2006). However, many times the
absence of the species is caused by the lack of a
key required factor. Distinguishing between the
two origins of overestimation is a challenging
task not always easily approachable. This lack
of knowledge about habitat requirements may be
the rule rather than the exception for most of the
species, especially for hyperdiverse groups such
as invertebrates, the most ignored taxa but con-
tributing most to biodiversity. Overestimation in
conservation is dangerous as it might imply the

location of conservation efforts in places which
do not harbour the focus species. As a final con-
clusion we stress that predictive models must be
used with caution in conservation, and they are
a complement of rather than a replacement for
expert knowledge.
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