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Abstract

Dung beetle populations, in decline, play a critical ecological role in extensive pasture ecosystems by recycling organic matter;

thus the importance of their conservation status. Presence data available for Copris hispanus (L.) and Copris lunaris (L.) (Coleoptera,

Scarabaeidae) in Comunidad de Madrid (CM), and BIOMAPPERIOMAPPER, a GIS-based tool, was used to model their environmental niches.

The so derived potential distributions of both species were used to exemplify the utility of this kind of methodologies in conservation

assessment, as well as its capacity to describe the potential sympatry between two or more species. Both species, distributed along a

Dry-Mediterranean to Wet-Alpine environmental conditions gradient, overlap in areas of moderate temperatures and mean annual

precipitations in the north of CM. Copris are poorly conserved in the existing protected sites network, but protection provided by

new sites included in the future Natura 2000 Network will improve the general conservation status of these species in CM.

� 2004 Published by Elsevier Ltd.
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1. Introduction

Research has become increasingly focused on the

extrapolation of species distribution from incomplete

data to obtain reliable distribution maps most efficiently

(Mitchell, 1991; Pereira and Itami, 1991; Buckland and

Elston, 1993; Iverson and Prasad, 1998; Manel et al.,

1999a,b; Parker, 1999; Peterson et al., 1999; Pearce
and Ferrier, 2000; Vayssières et al., 2000; Hirzel et al.,

2001; Guisan et al., 2002; Hortal and Lobo, 2002; Fer-

rier et al., 2002). By processing environmental informa-

tion and presence/absence data, several statistical

methods can provide estimates of the probability of

occurrence of a given species (Guisan and Zimmermann,
0006-3207/$ - see front matter � 2004 Published by Elsevier Ltd.
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2000). However, since the absence of a species from a

locality is difficult to demonstrate, and since faunistic at-

lases do not usually cover localities where sampling has

failed to produce a capture, false absences can decrease

the reliability of predictive models. As an alternative,

species distribution prediction based on presence-only

data has been developed (Busby, 1991; Mitchell, 1991;

Walker and Cocks, 1991; Carpenter et al., 1993; Scott
et al., 1993; Stockwell and Peters, 1999; Peterson

et al., 1999; Hirzel et al., 2001, 2002; Robertson et al.,

2001). Generally, these alternative methods delimit the

environmental niche of species within a geographical

area and with a given resolution by comparing the envi-

ronmental distribution of all the cells with that of cells

where the species has been observed.

Pinpointing the areas where appropriate environmen-
tal conditions exist to sustain species is vital for biogeo-

graphical and conservation studies. It allows identifying
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Fig. 1. Presence of Copris hispanus (upper) and C. lunaris (centre) in

the Iberian Peninsula and distribution of both species in the Comu-

nidad de Madrid (lower). Squares represent Copris lunaris presences,

and dark circles do for Copris hispanus ones. Dark shadow represents

existing Protected Natural Sites, light shadow future Nature 2000

network sites.
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environmentally suitable regions still not colonized, or

where the species has become extinct; then the contribu-

tion of unique historical or geographical factors to the

shaping of the current distribution of a species can be

judged. With regard to conservation, potential distribu-

tion area identification can help locate sites suitable for
reintroduction programs, or faunistic corridors, favour-

ing success in regional conservation planning. Following

this line of thought, niche-based modelling of potential

distributions has been used recently to examine different

ecological and evolutionary aspects, such as competition

between phylogenetically related species (Anderson

et al., 2002) or variation in species� niche requirements

through evolutionary time (Peterson et al., 1999; Peter-
son and Holt, 2003).

To exemplify the use of these techniques for conserva-

tion and ecological purposes, the Ecological-Niche Fac-

tor Analysis method (ENFA; Hirzel et al., 2001, 2002)

was used to delimit the potential distributional areas for

two Copris species (Coleoptera, Sacarabaeoidea) in cen-

tral Spain. This genus is made up of around 70 large-size

dung beetle species, three of them present in the Western
Palaearctic region (Baraud, 1992), being two of them,Co-

pris lunaris and Copris hispanus, present in the Iberian

Peninsula (Martı́n-Piera, 2000).C. lunaris, widely distrib-

uted throughout the Palaearctic region, inhabits mainly

northern and temperate Iberian localities below 1000 m.

in altitude, although it does reach 1700 m. in the south

(Fig. 1). On the contrary, C. hispanus, a western Mediter-

ranean species, frequents the southern half of the Iberian
Peninsula at a slightly lower altitude. Both species occur

together rarely, as they do in the Comunidad de Madrid

(CM), in the centre of the Iberian Peninsula.

Dung beetles play a key role in Mediterranean cattle-

grazed traditional landscapes. They are responsible for

most organic matter recycling (Martı́n-Piera and Lobo,

1995) and control dipterous populations (Hanski, 1991).

However, Western European dung-beetle assemblages
present several conservation problems related to inten-

sive management of agriculture and farming activities

(Martı́n-Piera and Lobo, 1995; Barbero et al., 1999;

Hutton and Giller, 2003). Their sensitivity to landscape

transformation (e.g., Verdú et al., 2000; Verdú and Ga-

lante, 2002) and several cattle antibiotic treatments (e.g.,

ivermectins; Lumaret et al., 1993; Hutton and Giller,

2003), has leaded to the proposal of making use of them
as indicators for conservation evaluation (Halffter, 1998;

Davis et al., 2001; Andresen, 2003). Among them, large-

size dung beetles, such as Copris species, seem to be the

most affected. Their European populations are declin-

ing, and even becoming extinct (e.g., rollers, see Lobo,

2001). This is the case for C. lunaris, that has been de-

clared critically endangered or extinct in the countries

located at its northern range margins (see, e.g., Skid-
more, 1991; Rassi et al., 1992; http://www2.dmu.dk/

1_Om_DMU/2_Tvaer-funk/3_fdc_bio/projekter/redlist/
redlist_en.asp or http://www.daba.lu.lv/ldf/CORINE/
Insect.html).

Habitats Directive, the European Community initia-

tive for a continental-scale network of protected areas

(Natura 2000 Network), uses different kinds of habitats

http://www2.dmu.dk/1_Om_DMU/2_Tvaer-funk/3_fdc_bio/projekter/redlist/redlist_en.asp
http://www2.dmu.dk/1_Om_DMU/2_Tvaer-funk/3_fdc_bio/projekter/redlist/redlist_en.asp
http://www2.dmu.dk/1_Om_DMU/2_Tvaer-funk/3_fdc_bio/projekter/redlist/redlist_en.asp
http://www.daba.lu.lv/ldf/CORINE/Insect.html
http://www.daba.lu.lv/ldf/CORINE/Insect.html
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as conservation goals. In Spain, the selection and man-

agement of these areas has been led to the Autonomous

Communities, which constitute administrative divisions

with full environmental jurisdictional autonomy. In this

paper, we explore how this habitat-based selection may

be useful to preserve the populations of two sympatric
dung beetle species in an area where their respective

northern and southern range margins overlap. We have

chosen these species as indicators of the conservation

status of traditionally managed landscapes, one of the

targets of Natura 2000 Network. In addition, we explore

how these two species respond to a strong environmen-

tal gradient at the edge of their respective distributions.

Using all distributional information available for C.

hispanus and C. lunaris, the environmental niche occu-

pied by each species in CM was modelled and used to

extrapolate their respective potential distributions. Envi-

ronmental requirements of both species are reviewed to

identify differences and similarities. From the maps so-

obtained, most probable areas of joint occurrence are

identified. Specific environmental conditions and habitat

heterogeneity are considered as possible causes for co-
occurrence, while taking into account the probability

that competitive interactions may play a significant role

in shaping local species distribution in these areas. The

efficacy of existing protected natural sites (PNS) of Ma-

drid, and also that of the complete set of sites included

in the Spanish proposal for Natura 2000 Network in

the preservation of populations of both species is as-

sessed. Finally, we identify key Copris population sites
in Madrid.
2. Materials and methods

2.1. Study site

CM, an autonomous Spanish region with full juris-

diction over local environmental policy, also complies

with Spanish and European policy (see Fig. 1). Its north-

ern peak, Somosierra (latitude 41�8 0N) is 140 km from

the most southern point (the Tajo valley, latitude
39�52 0N). Although its mean altitude is around 800 m,

CM climate and topography vary, along with elevations,

from 434 m in the Alberche valley, to the 2430 m of the

Peñalara peak, in the Central System mountain range.

Its geologic history, also very eventful, gave rise to con-

siderable lithologic diversity, with acidic rocks in the

mountains; alluvial deposits on mountain slopes, ter-

races and valleys; and calcareous rocks and clays, and
even gypsum soils, in the southeast. Its diversity, to-

gether with strategic positioning in the centre of the Ibe-

rian Peninsula, has made of CM a region of transition

between Mediterranean and Eurosiberian faunas (see

Fernández-Galiano and Ramos-Fernández, 1987), an
ideal region for small-scale pilot studies, as it is home

to a synthesis of all inland Iberia.

2.2. Data sources

Biological data came from BANDASCA database, a
compilation of all the information available in the bibli-

ography and collections of natural history on the 53 Ibe-

rian species of the Scarabaeidae family (see structure in

Lobo and Martı́n-Piera, 1991), as well as from a number

of standardized surveys. The most recent of these sam-

pling campaigns was environmentally and spatially de-

signed explicitly to account for the spatial patterns of

biodiversity variations in the region (see Hortal, 2004
and Hortal and Lobo, in press). After its results, it can

be assumed that current presence records cover the main

environmental and spatial patterns in both Copris spe-

cies� distributions (for a detailed assessment of sampling

effort and success see Hortal, 2004).

In this kind of geographically explicit analyses, the

spatial resolution (grain size) constitutes a key decision

for the accuracy and reliability of the obtained results.
If cell size is larger than the area required to support a

population, then the model will have very poor resolu-

tion. On the other hand, if it is too much small, then

the model would present a high false prediction rate.

Western Palaearctic temperate dung beetle populations

have been estimated to have an approximate size of 1

km2 (Roslin, 2000, 2001a,b; Roslin and Koivunen,

2001). Although no results have been yet published, a
small scale study carried out in a semi-arid area of Cen-

tral Spain gives support to a similar population size for

Mediterranean species (J. M. Lobo, J. Hortal and F. J.

Cabrero-Sañudo, unpublished). Thus, we have chosen

1 km2 as the most appropriate spatial scale to carry

out our analysis.

From the 72 database records available for C. hisp-

anus and 111 for C. lunaris in the CM, only 24 reliable
presence points could be obtained for each of the two

species (see Fig. 1). The spatial resolution of most

BANDASCA records, referred to the UTM 1 · 1 km

grid, was also 1 km2, so most of this biological informa-

tion extracted from the database was directly used for

the analyses. However, ten presence records for C. lun-

aris and seven for C. hispanus were limited to 10 · 10

km squares. We explored database information for each
of these records (coming from museum specimen labels

or from the literature). We thus assigned, where possi-

ble, their geographical position to the 1 km2 pixel placed

nearest to the centroid of the 10 · 10 km grid square,

that complies with the altitude and/or geographical

information in the database. If, e.g., a record was re-

ferred to have an altitude of 750 m.a.s.l, and to pertain

to the San Lorenzo de El Escorial territory in the
30TVK09 UTM 10 km cell, we located a presence in

one of the pixels that comply with both characteristics,
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using the rule of thumb of selecting the closest to the

centroid of the UTM cell. We assume that the error thus

introduced is negligible, since both species are excellent

flyers, as are almost all dung beetles.

Environmental data comes from CM-SIG, an envi-

ronmental GIS database of CM (J. Hortal, unpublished;
see Hortal, 2004), which contains the information of

several variables relevant to the distribution of Scara-

baeidae species. The richness and variation of Scarabaei-

dae assemblages in Western Europe has been formerly

related with topography (Lobo et al., 2002; Hortal

et al., 2003), climate (Lobo and Martı́n-Piera, 2002;

Hortal et al., 2001, 2003; Lobo et al., 2002; Verdú and

Galante, 2002), and soil composition (Hortal et al.,
2001, 2003). Thus, we have selected five variables to

account for these factors, on the assumption that they

constitute the most important environmental determi-

nants of the distribution of Copris species in the studied

region. Landscape structure variables are known to

effect the microdistribution of dung beetles (i.e., at spa-

tial scales smaller than 1 km2), but were not considered

for the environmental niche modelling procedure be-
cause such present-day land use variables are not ade-

quate to model presence records from a large temporal

resolution. However, land use information has been

used to characterize the habitat heterogeneity of the

areas potentially adequate for both species (see below).

A Digital Elevation Model (DEM; map of elevations)

was extracted from a global DEM with 1 km spatial res-

olution (Clark Labs, 2000a). Mean annual precipitation
and mean annual temperature scores for 41 stations of

Central Iberia (30-year monthly data) were obtained

from an agroclimatic atlas (Ministerio de Agricultura,

Pesca y Alimentación, 1986). We interpolated data from

these points onto 1-km-spatial-resolution maps using a

moving-average procedure (using a six-point search ra-

dius; see Clark Labs, 2000b). Maps of solar radiation

and lithology (11-categories) were digitized from a CM
Atlas (ITGE, 1988). Categories in the lithology map

were reclassified into areas with stony acidic soils; with

calcareous soils or deposits; and with acidic deposits.

As ENFA does not work with multinomial data, we de-

rived three maps of the proportion of each kind of soil

category in the 5 · 5 km2 window surrounding each pix-

el, using IDRISIDRISI32 Pattern module (Clark Labs, 2000b).

Only the first two lithological variables were used, as the
information from the third was redundant.

To ascertain if areas highly suitable for both species

were more heterogeneous than the rest of the region,

we also extracted five heterogeneity variables, three of

them to take into account habitat heterogeneity. As stee-

per slopes are correlated with higher environmental var-

iability, a slope map was calculated from the DEM

using the GIS (Clark Labs, 2000b). A nine-categories as-
pect map was also derived from the DEM, and a land

use map of 14-categories, obtained by reclassifying and
enlarging the 250 m European Land Use/Land Cover

map provided by the CORINECORINE programme (European

Environment Agency, 1996). For both maps, the Shan-

non diversity index of the cells within a 5 · 5 km window

was calculated to obtain an aspect-diversity map and a

land-use diversity map (Clark Labs, 2000b). Annual var-
iation (i.e. temporal heterogeneity) in monthly precipita-

tion and temperature were also calculated for each

climatic station as the mean of the differences between

monthly extreme values within each year, and then

interpolated using the procedure referred to above.

Finally, we obtained additional vectorial cartography

of CM administrative limits from the digital version of

the CM 1:200.000 map (Servicio Cartográfico de la
Comunidad de Madrid, 1996). Protected natural sites

(PNS) and future Natura 2000 network sites were ob-

tained from the ‘‘Banco de Datos de la Naturaleza’’ of

the Spanish ‘‘Dirección General de Conservación de la

Naturaleza’’ (see http://www.mma.es/bd_nat/menu.htm).

2.3. Data analysis

2.3.1. Potential distribution maps

Ecological-niche factor analysis (ENFA) was done

using BIOMAPPERIOMAPPER 2.1 software (Hirzel et al., 2000;

see http://www.unil.ch/biomapper). ENFA uses diverse

environmental information to characterize the ecolog-

ical distribution of the species. It computes a group

of uncorrelated factors, summarizing the main envi-

ronmental gradients in the region considered, similarly
to common ordination techniques such as Principal

Component Analysis. However, ENFA derives these

factors using data only from known species presences

(and absences, when available), thus providing factors

with biological meaning. The first axis (marginality

factor) is chosen to describe the marginality of the

niche with respect to the regional environmental con-

ditions, by maximizing the difference between the envi-
ronmental mean value of the species� presences, and

the global mean environmental value of all the studied

region. The following axes (specialization factors),

sorted according to their decreasing amounts of ex-

plained variance, are used to represent the species� de-
gree of specialization in the rest of the (orthogonal)

environmental gradients identified in the study area.

Habitat suitability is modelled using the so-selected
factors by estimating the ecogeographic degree of sim-

ilarity between each grid square and the environmen-

tal preferences of the species, that is, the probability

that a given grid square belongs to the environmental

domain of the presence observations. Thus, starting

from a species presence map a potential distribution

map takes on the form of a habitat suitability map

(HSM) of values that vary from 0 (minimum habitat
quality) to 100 (maximum). The distribution models

obtained were validated by a Jackknife procedure,

http://www.mma.es/bd_nat/menu.htm
http://www.unil.ch/biomapper
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whereby each HSM was computed 24 times (the num-

ber of presence points of each species), leaving out

one point of presence with each iteration. By this pro-

cedure one independent habitat suitability score for

each presence point was obtained and the observed

and estimated scores compared. For a more extensive
explanation of the method see Hirzel et al. (2002).
2.3.2. Environmental and spatial characterization of

realized niche

The HSM maps obtained were reclassified as of:

very low habitat suitability (0–25); low habitat suita-

bility (26–50); high habitat suitability (51–75) or very

high habitat suitability (76–100). These new maps
were cross-tabulated in the GIS environment to pin-

point zones of spatial coincidence (very high/very high

and very low/very low habitat suitability) and also of

difference (very high for one species and very low for

the other) for both species. By means of a Mann–

Whitney U test (StatSoft, 1999), we extract those envi-

ronmental variables that characterize each of these

four zones, because of being significantly different to
the conditions in the rest of CM. In order to compare

the environmental variability between the cells with a

very high suitability value for both species and the

remaining cells, another Mann–Whitney U test was

carried out, taking into account the five heterogeneity

variables described above.
2.3.3. Conservation status

The degree of protection of C. hispanus and C. lun-

aris, achieved by existing PNS, and to be achieved by fu-

ture Natura 2000 network sites in CM, was evaluated by

extracting minimum, maximum, mean and standard

deviation of the suitability values for both species in

each protected site. The area of the zones with very high

suitability values for each species (HS > 75) and for both

together was also located. To assess conservation status
of each species we have used two different criteria: the

mean suitability scores, and the area with very high suit-

ability scores (HS > 75) per PNS.
Table 1

Specialisation explained by the two factors extracted by ENFA, and coeffici

Copris hispanus

Marginality factor (74%) Specialization factor (19%)

Solar radiation (0.80) Precipitation (0.89)

Calcareous soil (0.45) Acid soil (0.32)

Acid soil (0.29) Temperature (0.27)

Altitude (�0.24) Solar radiation (0.12)

Temperature (0.11) Altitude (0.11)

Precipitation (�0.06) Calcareous soil (0.01)

Positive values on the marginality factor mean that the species prefers localit

higher specialisation coefficients restrict more the distribution range of the s
3. Results

3.1. Potential distributional maps

The six environmental variables considered were re-

duced to two factors for each species that explained a
similar percentage of the variance: 96.7% for C. hispanus

and 95.9% for C. lunaris, respectively. The first selected

axis, which maximizes the absolute difference between

global environmental mean and the species mean (the

marginality factor), explains 74% of the specialization

for C. hispanus and 72% for C. lunaris (see Hirzel

et al., 2002), (i.e. the ratio of the standard deviation be-

tween the global distribution and that of the species).
These high percentages of specialization point out that

the high importance of these first factors to explain both

marginality and niche breadth of each one of the two

species. The next factors (specialization factors) explain

19% and 18% respectively. Solar radiation and calcare-

ous soils are the variables with higher marginality coef-

ficients for Copris hispanus, showing that the scores of

these variables in the presence cells differ from the mean
values in the region (Table 1). As these coefficients are

positive, this species is shown to prefer sunny areas

and basic soils. Mean annual precipitation has the high-

er coefficient of the specialization factor, showing that

the distribution of C. hispanus in CM is specially re-

stricted by this variable. In the case of C. lunaris, acid

soils and mean annual precipitation are the variables re-

lated to the marginality factor, meaning a higher proba-
bility of presence in siliceous and rainy cells. The

specialization of this species is mainly conditioned by

the presence of calcareous soils, mid-to-high altitudes

and high solar radiation scores.

Marginality scores characterize how much each spe-

cies habitat� differs from the conditions available in the

study area (from 0, close to the mean, to 1, when it pre-

fers habitats extreme in the region). Overall marginality
value was higher than 0.65 for both species, evidencing a

high separation of both species from the central part of

the strong environmental gradient present in CM. C.

lunaris, adapted to cold mountain environments (see
ent values of the six environmental variables used in the analysis

Copris lunaris

Marginality factor (72%) Specialization factor (18%)

Acid soil (0.69) Calcareous soil (0.64)

Precipitation (0.51) Altitude (0.50)

Temperature (�0.34) Solar radiation (0.50)

Solar radiation (0.28) Precipitation (0.22)

Altitude (0.26) Temperature (0.15)

Calcareous soil (�0.05) Acid soil (0.12)

ies with higher values regarding to the CM mean score. Variables with

pecies.
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below), which are more rare in the region, presented a

very high marginality (0.91), whilst C. hispanus, more

adapted to the intermediate environments of the mar-

ginal slopes of the mountains, presented lower values

(0.68). On the other hand, the global tolerance values

(the opposite of specialization ones) were 0.43 for C. lun-
aris and 0.17 for C. hispanus. The score for this species

(close to 0) suggests that C. hispanus tends to live near

mean regional conditions, and tolerates an smaller envi-

ronmental range than does C. lunaris, which is adapted

to conditions that are more extreme at CM.

Habitat suitability maps so obtained (Fig. 2) show

a high probability of appearance for C. lunaris in

north-western CM, while highest habitat suitability
values for C. hispanus, distributed patchily across the

region, are basically limited to the centre and south-

east. Jackknife validation results for these HSMs

indicate that the C. hispanus potential map is more
Fig. 2. Habitat suitability maps for C. hispanus (upper) and C. lunaris

(lower). The scale on the right shows the habitat suitability values

(0 = low suitability; 100 = high suitability).
reliable than the one for C. lunaris. A habitat suitabil-

ity value greater than 50 was found in 87.5% of 24 1

km2 grid squares in the case of C. hispanus (SD=33.1

%), while in the case of C. lunaris such a suitability

value was found in just 66.7% of the 24 1 km2 cells

with presence (SD=47.1 %).

3.2. Environmental and spatial characterization of real-

ized niche

Reclassified and cross-tabulated habitat suitability

maps show the areas of spatial coincidence and differ-

ence between both species (Fig. 3). The very highly suit-

able areas for both species are located in the north of
CM, in the spurs of the ‘‘Sierra de Guadarrama’’ (Fig.

3(a)). These zones differ significantly from the rest of

CM because of their higher altitudes (Mann–Whitney

U test; Z = 14.7, p < 0.001), higher mean annual precipi-

tations (Z = 11.9, p < 0.001), greater presence of stony

acid soils (Z = 13.83, p < 0.001) and lower mean annual

temperatures (Z = 9.97, p < 0.001). Three of the five var-

iables considered as environmental heterogeneity surro-
gates also differ significantly between these coincidence

areas and the rest of CM, which present higher values

of annual range of precipitation (Z = 12.69, p < 0.01)

and slope (Z = 12.56, p < 0.01), and lower values of an-

nual range of temperature (Z = 12.37, p < 0.01). On the

contrary, landscape heterogeneity (aspect and land use
Fig. 3. Maps of areas that are: (a) very highly suitable for both species;

(b) very poor for both species; (c) very poor suitability for C. hispanus

and very high for C. lunaris; (d) very highly suitable for C. hispanus and

very poorly for C. lunaris.
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diversity variables) was not significantly different be-

tween these areas and the rest of CM.

The zones with very poor suitability scores for both

species are, on the one hand, Cotos, Navacerrada and

‘‘Sierra de Cuerda Larga’’, mountainous areas with alti-

tudes higher than 1300 m; and on the other, low altitude
quaternary terraces (around 600 m) of the rivers Jarama,

Manzanares, Tajo and Tajuña; and also transition zones

between stony acid soils of the sierra and acid deposits

of the ‘‘ramp’’ (the southern slope of the Guadarrama

mountains; see Fig. 3(b)). Very low suitability areas also

differ from the rest of CM in altitude (Z = 6.9, p <

0.001), the presence of stony acid soils (Z = 4.9,

p < 0.001) and mean annual temperature (Z = 3.6,
p < 0.001).

The areas in which the niches of both species do

not coincide are markedly different. Areas of very high

suitability for C. lunaris and very low for C. hispanus

are found in the ‘‘Sierra de Guadarrama’’ (Fig. 3(c)),

where all environmental variables considered are sig-

nificantly different from the rest of CM (p < 0.001).

Stony acid soil is predominant, altitude (1061.8
m ± 191.6 m) and mean annual precipitation (716.9

mm ± 50.5 mm) are higher than median values of

CM, while solar radiation (4 kwh/m2/dı́a) and mean

annual temperature (11.8 �C ± 0.8 �C) are lower. On

the contrary, C. hispanus finds very-high suitability

and C. lunaris very-poor suitability areas in the

‘‘ramp’’ of acid deposits, and also in a calcareous soil

area between the rivers Tajo and Tajuña (Fig. 3(d)).
In these areas, all the environmental variables consid-

ered differ significantly from the rest of CM

(p < 0.001). Stony acid soil is less frequent in these

areas, mean annual temperatures (13.9 �C ± 0.5 �C)
and the solar radiation are higher, while altitude

(636.5 m ± 87.6 m) and mean annual precipitation

(459.5 mm ± 58.7 mm) are lower than in the rest of

the CM.
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3.3. Conservation status

At present, there are only two PNS where C. hisp-

anus has considerable areas with habitat suitability

scores higher than 75 (PNS 2 and 8). On the other

hand, C. lunaris is well represented in just one site

(PNS 2), the broadest park with mountainous terri-

tory, and the only one with sites highly suitable for

both species (Table 2). The mean suitability scores

for both species in the PNS are lower than 30%. Fu-

ture Natura 2000 network sites will protect a more
extensive area (Table 2), and consequently, will im-

prove the protection of Copris species, facilitating

greater interconnectivity among populations. The area

with high suitability scores increases eight times for C.

hispanus and three for C. lunaris.
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4. Discussion

4.1. The niches of Iberian Copris species

The study area, representative of central Iberia, is a

zone of confluence of Mediterranean and Eurosibe-
rian-like climate regions. We find that both Copris spe-

cies are distributed along a gradient from the Tajo

basin (warmer, dryer, with strong annual weather varia-

tions) where C. hispanus is found, towards the mountain

slopes of the Sistema Central (colder and rainier) where

C. lunaris predominates. Interestingly, both species pre-

sent nearly equal marginality factors (and also speciali-

zation factors), these axes being so highly correlated
that they may be considered identical (Pearson correla-

tion coefficients higher than 0.99). Thus, it can be as-

sumed that Copris species are responding to the same

main environmental variations in Madrid. However, as

can be seen in Table 1, the factors driving each one�s dis-
tribution seem to be opposite, evidencing different envi-

ronmental responses with respect to the average

conditions of the region. To ascertain the way they con-
front the environmental determinants described by these

axes, we have represented the means and deviations of
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Fig. 4. Variation of mean habitat suitability scores along the Marginality F

conditions). The factor was divided into 20 intervals, and mean values are sh

lunaris by rhombus and broken lines. Vertical lines delimit 95% confidence int

one used for representation was that of C. hispanus (see text).
the habitat suitability values for each species along them

(see Fig. 4). Both species seem to show opposite environ-

mental adaptations: whilst the niche of C. hispanus is

mainly restricted to calcareous bedrock areas with in-

tense solar radiation, C. lunaris prefers sites with acid

bedrock and more abundant precipitation. Thus, the
principal environmental adaptations of both species re-

spond to the same environmental variations in the stud-

ied area, but in a different way (see Fig. 4).

Copris dung beetles, tunnelling nesters, construct a

tunnel under cattle droppings, burying several dung

balls (up to 250 gr., unpublished data) where they lay

their eggs. So, environmental factors that affect temper-

ature extremes and water content in the soil throughout
the year are likely, in the main, to shape their distribu-

tion in Madrid. Probably C. hispanus� physiological

adaptations to warm environments with long dry spells,

and avoidance of freezing, allow it to nest in highly

water-stressed soils, such as sunny calcareous ones. C.

lunaris, on the contrary, may not be able to nest in such

dry areas, but its tolerance of freezing allows it to nest in

soils with greater water availability but lower tempera-
tures. Hence, our data show that the environmental

niche of both species is biased towards two extreme
1.6 2.1 2.7 3.2 3.7
lity Factor Dry-Mediterranean

actor (ranging from Wet-Alpine to Dry-Mediterranean environmental

own. Copris hispanus is represented by squares and solid lines, and C.

erval. As marginality factors for both species were highly correlated, the
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environments at each of the edges of the gradient: (1)

Dry-Mediterranean, with high temperatures and intense

solar radiation, calcareous soils and low altitudes and

precipitation, and (2) Wet-Alpine, with high altitudes

and precipitation, acid soils and low temperatures and

weaker solar radiation (Fig. 4). Whilst C. hispanus does
not find suitable areas near the semi-arid first extreme,

C. lunaris is able to reach the Alpine limit of the gradi-

ent. Both species find suitable sites in between the

extremes, due to their respective tolerance to medium-

to-low temperatures with high-to-moderate precipita-

tions and acid stony and sandy soils. In these sites, the

greater water content of the soil and the infrequency

of freezing temperatures throughout the year probably
constitute highly suitable environmental conditions for

nesting success of both Copris species.

4.2. Competition remarks

Both species seem to co-occur in some areas located

in the mid-slopes of the sierra, where competition might

take place as a result of their large-size and high capabil-
ity of nutrient removal (a couple is able to bury up to

250 gr. of dung). However, the presence of competition

between both species is possible just in the case they live

in the same habitat, appearing at the same time and pas-

ture. Environmental heterogeneity may allow both spe-

cies to coexist in the same area but in different

habitats; or they may occur in the same locality but at

different dates, due to seasonal weather variation; for
that reason, competition may not exist. Present results

do not clearly support the hypothesis of a higher heter-

ogeneity in the co-occurrence areas, as only two of the

five environmental diversity variables tested presented

higher values in these zones. However, competitive

interactions have been proven for large Afrotropical

dung beetles (see Hanski and Cambefort, 1991, and ref-

erences therein), but information is lacking about inter-
specific competition in Mediterranean Scarabaeidae (see

Finn and Gittings, 2003). Although unpublished data

(Veiga, 1982) suggest that specimens of the two species

could inhabit the same dung pat, no extensive data is

available, so no evaluation of competitive exclusion

can yet be made. Further small-scale studies in the

sympatric area are necessary to clarify how populations

from both species coexist.

4.3. Conservation status assessment

Biodiversity conservation of insects, a challenge diffi-

cult to respond to due to the lack of information, re-

quires predictive models, as both the most efficient

way to obtain reliable maps of insect distributions,

and also to evaluate the ability of proposed and existing
sites to further conservation. Comunidad de Madrid, an

autonomous region with complete jurisdictions over
environmental policies, needs an evaluation of both

the effectiveness of its PNS and of the potential gains

from new ones.

As we commented before, populations of Copris

lunaris and Copris hispanus, as well as those of other

dung beetles, are in decline in the Iberian Peninsula,
probably because of the use of ivermectines (Lumaret

et al., 1993) and the diminution of traditional cattle

herding (Lobo, 2001; Roslin and Koivunen, 2001).

These species play an important role in extensive pas-

ture ecosystems by recycling organic matter (And-

rzejewska and Gyllenberg, 1980) that, otherwise

could cause major damage through accumulation (as

occurred in Australia; see Bornemissza, 1976). For this
reason, it is important to control and reverse any de-

cline in their populations.

To evaluate the conservation status of Copris species,

we have taken into account the size of protected sites as

well as the values of habitat suitability in each PNS and

future Nature 2000 network sites. Only one protected

site (Hayedo de Montejo; PNS 5) presented an average

habitat suitability higher than 70 for one of the species,
C. lunaris. However, this site is an ancient beech forest,

only 3 km2 in extent, and so not very effective in preserv-

ing populations of this species. Mean suitability values

alone are not enough to guarantee protection for a spe-

cies in protected areas. It is also necessary to take into

account the size of the area highly suitable for the spe-

cies in each protected site. Using the area with habitat

suitability greater than 75 for this task, important differ-
ences between the two species appear. Whilst for C. hisp-

anus only two PNS (2 and 8) measured around 30 km2

(for a total area of 61 km2), for C. lunaris a single area

(PNS 2) measured 183 km2.

The rarity in PNS of areas highly suitable for both

species at the same time highlights two main deficien-

cies in the CM conservation network. One of them is

the area of replacement between basin and mountain
assemblages, a gradient zone called ‘‘ramp’’ (‘‘rampa’’

in Spanish), protected in part by PNS 2, that has been

identified as an important dung beetle diversity hot-

spot (Martı́n-Piera, 2001); another is the Sierra of

Guadarrama, scarcely protected by the already-men-

tioned PNS 5. Areas of faunistic replacement and

range-margins are of great importance for the survival

of most species (Spector, 2002) where important proc-
esses occur (Thomas et al., 2001), specially when faced

with climate change (Hill et al., 2002). Using data

from additional, extant groups, these areas should be

identified, studied, and protected effectively. Connec-

tivity is another weak point of CM protected sites

(Sastre et al., 2002). This may be of secondary impor-

tance for many dung beetles, such as Copris species,

as they are presumably good fliers. But less vagile spe-
cies would need dispersal corridors to be able to dis-

perse as climate change occurs.
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In the future, Nature 2000 network will improve the

general conservation status of CM because the area

and connectivity of protected sites will be increased sub-

stantially. Nature 2000 Network annexes habitats for

protection that favour Copris species presence such as

‘‘dehesas’’ (forests of Quercus sp. used for grazing),
and natural pastures of Festuca indigesta. In Europe,

protected sites� agriculture and cattle uses are restricted

to traditional ones. Intensive agriculture or monocul-

tures are not let while traditional cattle herding is pro-

moted and conserved so Copris species will be

favoured by this new protection programme wherever

traditional cattle herding is promoted and conserved

(Barbero et al., 1999; Verdú et al., 2000; Lobo, 2001;
Roslin and Koivunen, 2001). Transhumance, pasture

conservation and avoidance of the use of cattle antibiot-

ics such as ivermectins are vital conditions for the con-

servation of Copris populations.

It is important to remark that, although this study

has been developed on a small working scale, the

studied region has full jurisdiction over local environ-

mental policy. Thus, it has a direct application to the
conservation of these species. However, the same

methodology can be applied to similar studies on dif-

ferent working scales. In our opinion, accurate esti-

mates of the potential distribution of species are

obtainable without recourse to exhaustive data. Habi-

tat suitability maps elaborated with this or similar

methods have proven to be quite reliable, insofar as

they provide a reasonable approximation to the spe-
cies niche, even without very many presence points.

Together with GIS, habitat suitability maps delimit

quite well areas highly suitable for each species and

for both species (sympatric areas). A greater sampling

effort in these areas would validate them as sympatric

and would confirm their actual presences.
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