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Me fui a los bosques porque queria vivir sin prisa.

Queria vivir intensamente y sorberle todo su jugo a la vida.
Abandonar todo lo que no era vida, para no descubrir,

en el momento de mi muerte, que no habia vivido.

H. D. Thoreau
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INTRODUCTION

Annual rainfall of 200-400 mm, a severe summer drought period and high temperatures that
exceed 22 °C in summer are characteristic of semiarid climates. Such climates receive the code
BS in Képpen’s Climate Classification. Among areas of the world in which this type of climate is to
be found are the Australian outback, the sertéo of north-eastern Brazil, Patagonia in Argentina, the
cuarta region in Chile and the Mediterranean matorral of Spain.

The province of Murcia (Regién de Murcia) in the south-east of Spain is largely conditioned
by the presence of this type of semiarid climate. Arid and semiarid regions are generally regarded
as being environmentally poor and lacking in biological diversity compared with other areas
(Durant et al. 2012). However, the effects of environmentally extreme conditions on biodiversity
can be studied in such areas (Wark 2009). Since they may present the partial distribution of
species that are otherwise widely distributed but which are under strong climatic control, relatively
high indices of endemism appearing in local hotspots of biodiversity (Davies et al. 2012; Murphy et
al. 2012; Wilson & Pitts 2012; Brito et al. 2013). However, increased human activity and gradually
expanding conditions of aridity may have negative effects on such biodiversity (McNeely 2003;
Thorton et al. 2008; Trape 2009).

On the other hand, Mediterranean peninsulas (Iberian, Italian, Balkan, Hellenic, Anatolian)
are key bhiogeographic elements connecting European and African flora and fauna (Hewitt 1996,
1999; Taberlet et al. 1998; Dobson & Wright 2000; Agusti & Antdén 2002; Jaarola & Searle 2004;
GOmez & Lunt 2006; Pinho et al. 2007; Valera et al. 2011; Husemann et al. 2013). In addition,
these peninsulas acted as refuges during the last Ice Age and have played an important role in the
subsequent spread of different taxonomic groups, making them important elements for
Mediterranean fauna, especially bats (Mayer & von Helversen 2001; Juste et al. 2003, 2004, 2013;
Ibafiez et al. 2006; Garcia-Mudarra et al. 2009; Furman et al. 2010; Hulva et al. 2010; Rebelo et al.
2012; Bray et al. 2013; Coraman et al. 2013).

The first bat studies in the province of Murcia were made at the end of the XIX century by
Graells (1897). This was followed by papers, restricted to the study of certain caves of the
province, that were published very sporadically during the XX century (Cabrera 1904, 1914; Strinati
1953; Valenzuela 1959; Balcells 1963, 1967; Esteve et al. 1986). Finally, at the beginning of the
1990s the first inventory of important bat roosts was drawn up, accompanied by an analysis of
species diversity and the state of their populations (Guardiola et al. 1991). Other studies followed,
more local in nature and focused on a given group of species (Guardiola & Fernandez 1992,
2003a, 2003b, 2004a, 2004b, 2004c; Guardiola 2002, 2003; Guardiola et al. 2004a, 2004b, 2004c,




Fulgencio Lison Gil (2014) Bat ecology and conservation in semiarid Mediterranean
landscapes — Ecologia y conservacion de murciélagos en ambientes mediterraneos
semiaridos

2004d; Lison et al. 2005), but which did not provide the information necessary to understand the
evolution of bat populations.

More recent systematic studies at regional level combined with different sampling methods
(Lis6n et al. 2010, 2011), have pointed to the existence of at least 20 species of bat in the province
of Murcia, which represents 57.1% of the Spanish total (Palomo et al. 2007) and 47.6% of
European species (Dietz et al. 2009). Of special note is the presence of nine threatened species
(Annex Il Habitat Directive) and cryptospecies like Myotis escalerai Cabrera, 1904 and Eptesicus
isabellinus (Temminck, 1839). Moreover, these studies have enabled a database of the presence
of different species to be made at regional level and have helped complete the Atlas of Mammals
Distribution in Spain (Atlas y Libro Rojo de los Mamiferos Terrestres de Espafia, Palomo et al.
2007). The first biometric studies have been made (Lison 2012) as have others on diet,
echolocation and genetics (F. Lisén, unpublished data). These studies have made it possible to
evaluate the population tendencies of some species, particularly cave-dwelling bats. Thanks to this
it has been discovered that the populations of Rhinolophus mehelyi Matschie, 1901, Rhinolophus
euryale Blasius, 1853 and Miniopterus schreibersii (Kuhl, 1817) have fallen by approximately 95%,
85% and 70%, respectively, and the worsening situation of five IUCN category species has been
confirmed (Lison et al. 2011).

The presence of bats has been detected in 45.9% of the 149 UTM 10 x10 km grid cells of
the province of Murcia, with some areas being especially rich and diverse in this respect and
containing a high number of species (=10). These areas tend to be concentrated around and in
areas protected by the Natura 2000 Network. This knowledge of the distribution of bats in the
province has also identified important technical deficiencies in the inventories made in order to
designate SICs (Sites of Community Importance) zones since we have added a new species from
the Annex Il of the Habitat Directive to 38.3% the SICs approved, so that in 60% of regional SICs
some species from Annex Il appear (Lisén et al. 2011). These deficiencies imply the need to
evaluate the effectiveness of Natura 2000 Network, since bat species were not taken into account
when drawing up the SIC sites.

This doctoral thesis, which is composed of four articles that have been published in
international journals, attempts to resolve questions related with the biology, ecology and
conservation of bats in semiarid Mediterranean environments, paying special attention to the
chiropteran species of the province of Murcia (Region de Murcia). The articles cover a wide variety
of themes, ranging from the basic biology of some taxa, the study of habitat use, the assessment
of the importance of artificial water bodies for the bat community, the analysis of inter-species
interactions and the evaluation of the conservation effectiveness of protected areas. In these
papers, a variety of methodological approaches was applied, including ecological niche models
using “only-presence” data (Hirzel et al. 2002, 2008), which determines the importance of different

ecogeographical variables for the studies species and permit habitat suitability maps(HSM) to be
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generated. These models are especially interesting in the case of bats since obtaining “truly
absent” data is very complex for these mammals (Sattler et al. 2007; Rebelo & Jones 2010; Becker
& Encarnagao 2012; Rutishauser et al. 2012; Bellamy et al. 2013; Kusch & Schmitz 2013).

The research effort for this thesis focused on fundamental aspects of bat biology that must
be taken into consideration in preliminary studies in areas for which little information exists and
where conservation measures need to be applied. These aspects are: 1) morphological aspects,
especially those related with biometric measurements, 2) roosts, 3) actual and potential distribution
of species, 4) habitat use and preference, 5) effectiveness of conservation measures.

The principal morphological characteristic of bats is the presence of wings, which permit
sustained active flight. The wings are formed by the disproportionate growth of the bones of the
hand (except the thumb), which are joined by a thin skin named the patagium.

The measurements of the fore limbs have a diagnostic value for identifying species (Dietz
et al. 2009), since the length and width have important implications for the aerodynamics of these
flying mammals (Findley et al. 1972; Blood & McFarlane 1988; Fenton 1990; Holderied & Jones
2009) and, therefore, in many ecological aspects (Norberg & Rayner 1987; Bogdanowicz et al.
1999; Salsamendi et al. 2005, Dietz et al. 2006, 2009). Moreover, geographical variations have
been observed in the same species in this respect (see, for example, Paz 1995; Arlettaz et al.
1997; Albayrak & Coskun 2000; Bornholdt et al. 2008; Furman et al. 2011) and the existence of
sexual dimorphisms may be influenced by environmental conditions during development (Paz
1986; Zahn et al. 2006).

Therefore, biometrical studies of bat populations are considered an essential tool for
developing research into their ecology (Bogdanowicz et al. 1999; Salsamendi et al. 2005; Dietz et
al. 2006, 2009). Such studies will also help identify isolated populations, establish biogeographical
patterns, and know the limitations of mobility in species or sexes and other evolutionary or
historical processes (Ruedi & McCracken 2009). The first article that forms the thesis is a
biometrical study of the wing measurements of the greater mouse-eared bat Myotis myotis
(Borkhausen, 1797) in the province of Murcia, in which sexual dimorphism in these measurements
is studied, along with the possible influence of sexual selection in its maintenance.

The second article studies the activity and richness of bat species in the vicinity of a
protected natural area through which part of the Tagus-Segura water transfer canal flows and
where much agricultural exploitations have been set up each with its corresponding hydraulic
infrastructure. The habitat preference of the different species and the role played by these different
hydraulic elements are analysed. Despite the general scarcity of water resources in the province of
Murcia, the regional economy is based on irrigated agriculture, which has led to the construction of
an enormous number of water-related elements (dams, reservoirs, canals, etc.) from Roman times
to the present. However, it was the opening of the Tagus-Segura water transfer canal that altered

the characteristics of the Segura basin from the 1980s, with the growth in intensive agriculture, the
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redistribution of water flows and the construction of numerous irrigation ponds (Martinez-
Fernandez et al. 2000, 2009; Belmar et al. 2010, 2011).

Bats show a clear affinity for aquatic and humid zones, including those where water
availability is not a problem (Ciechanowski 2002; Scott et al. 2010; Boughey et al. 2011). In areas
with a semiarid climate, where such resources are scarce, it is important to evaluate the role
played by water infrastructure in the activity and richness of bat species (Rebelo & Rainho 2009;
Sirami et al. 2013).

The third article uses a “presence data base” to elaborate ecological niche models for three
sympatric bat species with very similar biological and ecological characteristics [Pipistrellus
pipistrellus (Schreber, 1774), P. pygmaeus (Leach, 1825) and P. kuhlii (Kuhl, 1817)] in order to
ascertain their habitat preferences, inter-species interactions and possible niche segregation
phenomena between them. Bats are generally very selective when it comes to occupying a given
ecological niche and inter-species interactions are to be expected (Ashrafi et al. 2011; Razgour et
al. 2011a; Andreas et al. 2012; Kruger et al. 2012; McConville et al. 2013). Bat wing morphology
and the characteristics of echolocation calls condition the type of flight and the degree of prey
detectability. Despite being flying animals, most species fly relatively short distances and individual
tend to have a small home range close to their refuge (Dietz et al. 2009; Rainho & Palmeirim
2011). For this reason some authors have named them “central-place foragers” (Daniel et al.
2008). Pipistrelles are represented by several species that live in sympatry (Dietz et al. 2009), but
whose morphology (wing measurements and echolocation spectra) largely overlap. They have a
similar hunting technique, with small home ranges, feed mainly on Diptera and have a preference
for humid or aquatic zones.

Starting with a presence data base made by using different methodologies and ecological
niche modelling, the fourth article analyses the effectiveness of the Natura 2000 Network for
protecting six bat species included in Annex Il at two levels: the protection of their roosts of
different typologies and the protection of important habitats. We obtain important ecogeographic
variables for these species, which is of interest for their conservation. Chiroptera populations have
declines since the middle of the XX century, particularly cave-dwelling species. The main reasons
for this decline are: 1) disturbance of roosts, 2) habitat disappearance or fragmentation, 3)
pesticides, 4) disappearance of prey, 5) urbanisation, 6) climatic change, 7) toxicological effects, 8)
human infrastructures and 9) new diseases (Wickramasinghe et al. 2003; Boldogh et al. 2007;
Jones et al. 2009; Kerth et al. 2009; Rebelo et al. 2010; Wibbelt et al. 2010, 2013; Berthinussen &
Altringham 2011; Fuentes-Montemayor et al. 2011; Bennett & Zurcher 2012; Bilgin et al. 2012;
Camina 2012; Gonzélez et al. 2013).

The Natura 2000 Network represents a great step forward for conservation at European
level and, through the Habitat Directive all bat species are protected, with nine species from the

province of Murcia featuring in Annex Il (Lison et al. 2011). For species of Annex Il LIC sites should
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be designated for subsequent inclusion in Red Natura 2000. However, there have been no studies
of the effectiveness of this network for protecting bats and, in many cases, the designation of LIC
sites has not been based on accurate information regarding the distribution and presence of bats.
Most species of Annex Il are cave-dwelling and the Directive takes as being of priority interest the
natural caves that are mentioned in Annex I.

Basically, the singularity of semiarid Mediterranean climates and the fragility of bat
populations at regional, national and world levels (Hutson et al. 2001; Mickleburgh et al. 2002;
Palomo et al. 2007; Flaquer et al. 2010; Lis6n et al. 2011), their importance for ecosystem
maintenance (Jones et al. 2009; Kunz et al. 2011) and for the economy (Boyles et al. 2011) are the
arguments that justify the organisation of this thesis, which takes on even more importance
considering the scarcity of the information available on bat species in the study area. Moreover, the
knowledge gained in these studies is applicable to other places with a similar climate.

Lastly, the species of bat that occur in the Iberian Peninsula show genetic differences from
many other European species due scarce genetic exchange (Ibafiez et al. 2006; Razgour et al.
2013), which may well lead to the designation of new taxa. This thesis contributes new information
to our knowledge of the ecology of these species.
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GENERAL SUMMARY AND CONCLUSIONS

Information about bat fauna for the south-east of the Iberian Peninsula has traditionally
been very scarce, with a general ignorance of many aspects of their biology, including: 1) their
distribution, 2) biometric data, 3) population characteristics, 4) the presence of cryptic species, 5)
habitat use, 6) specific adaptations of taxa, and 7) the influence of human activities.

Information absences are a handicap for developing the first PhD thesis on bats in this
region. It was therefore necessary to answer some basic questions about their biology and general
ecology. The information gathered could be used to develop management measures for these
mammals. Also, such preliminary studies should provide basic knowledge that can be used for
specific research work.

The general aim of this thesis was to organise and increase our knowledge of bat biology
and ecology in semiarid Mediterranean areas. To achieve this, the different manuscripts published
to date have looked at different aspects such as: 1) wing morphology, 2) sexual selection
influence, 3) habitat use, 4) inter-specific interactions, and 5) effectiveness of conservation
measures in threatened species.

Bat wing measurements are important because they help in species identification, but may
also reveal the presence of ecological or biogeographical processes that affect populations. In the
first paper presented here, we examined wing measurements to study the presence of sexual size
dimorphism (SSD) in the greater mouse-eared bat (Myotis myotis Borkhausen, 1797) in
populations of the south-east of the Iberian Peninsula. The aims of the study were: 1) to ascertain
whether SSD applies to wing measurements and to determine which of these measurements are
more discriminant, 2) to check whether there are differences between paired and single males
inside the swarming roosts, and 3) to discuss the ecological implications of SSD in this species.
For this reason, we examined sexual dimorphism in the wing measurements of 195 adult
individuals (141 males and 54 females). Morphological measurements varied significantly,
specifically the forearm length including the wrist (FA+), length of the fifth finger excluding the wrist
(D5), length of the third finger excluding the wrist (D3) and weight. To examine whether sexual
dimorphism was influenced by sexual selection, we used the wing measurements of males present
in swarming roosts to compare males of different categories (paired and single).

Our results confirmed SSD in M. myotis, where the females are significantly bigger than the
males. The forearm and third finger lengths were the most discriminant wing measures in this
species. When we examined the differences between paired and single males, we found that there
were no significant differences in the wing measurements between them, but the single males

were significantly heavier and had a better physical condition.
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The presence of SSD in M. myotis was previously had a better physical condition in skull
measures, but its presence in wing measurements shows that there are strong selection pressures
for its maintenance. But while it is difficult to obtain skull measurements, it is easy to obtain wing
measurements, which might therefore be a good tool to explore the ecological aspects of bat
morphology. Our results show that M. myotis of south-east Iberia are bigger than bats of northern
Europe, suggesting the existence of a latitudinal cline. On the other hand, our study shows that
there is no sexual selection for smaller males. We discuss the implications of SSD for the female of
M. myotis in terms of reproductive advantages, trophic niche segregation and greater ability to

move, which may favour gene flow between populations.

The second paper presented in this thesis copes with the analysis of habitat changes on
bat communities. Nowadays, given the large scale transformation suffered by semiarid
Mediterranean landscapes and the increase in water bodies after the construction of new hydraulic
infrastructures, it is necessary to evaluate the influence of different habitat types and environmental
variables on bat activity and richness. Specifically, it was necessary to check the role of artificial
water bodies in bat communities. For this, we made recordings with ultrasound detectors in five
habitat types (forest, scrub, crops, Tagus-Segura water transfer channel and water bodies) in a
protected forest area and its surroundings, where the bat community is rich and diverse. We used
bat activity (bat passes and feeding buzzes) and richness (number of species or genera) in each
habitat type.

Our results using regression models show that bat activity was significantly higher in the
Tagus-Segura channel. However, this activity was principally produced by two common bat
species, Pipistrellus pipistrellus and P. pygmaeus. Inversely, the activity was low in bat species
specialists in aquatic habitats, such as Myotis daubentonii and M. capaccinii. Bat activity in
irrigation ponds was significantly higher than in other habitats (forest, scrub and crops). Bat
richness was significantly higher in both aquatic systems. Only two species of pipistrelle (P.
pipistrellus and P. pygmaeus) showed a significant positive response to habitat type, while other
species were influenced by environmental factors like temperature, humidity or wind speed.

The higher activity recorded in artificial water bodies shows that it has a conservation value
for bats, especially for pipistrelles. However, our results show that these aquatic systems are used
by common and abundant species, while the presence of threatened species is lower. Therefore,
an increase in water bodies in this area would reduce the overall conservation value of the bat
community. Also, it could produce a modification of the community through a competitive effect.

We propose some measures to increase the conservation value of these infrastructures.

Those species with similar characteristics (e.g. morphology, diet, hunting technique, habitat

use, etc.) and living in sympatry should occupy different ecological niches to avoid competitive
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exclusion. In the third paper presented here, we used ecological niche factor analysis (ENFA) with
only-presence data to construct habitat suitability maps (HSMs) and to study the habitat
requirements and interspecific interactions between three sympatric pipistrelles (Pipistrellus
pipistrellus, P. pygmaeus and P. kuhlii). Presence data-sets were obtained for each species using
different methodologies (roosts, listening points, traps) to avoid bias. The HSMs elaborated were
used to analyse any overlapping between species as regards optimal habitat.

Our results showed that these species shared the sites surveyed, but that the ENFA
models showed that there are differences in ecological variables between species, although all
three species showed preferences for aquatic habitats. The HSMs showed that P. kuhlii had the
highest percentage of optimal habitat in the study area. Pipistrellus pygmaeus had the highest
marginality index and P. pipistrellus was a habitat tolerant species. These results showed that
although the species shows habitat-niche segregation, there is a high overlap between them. We
discuss the profound alterations that have occurred in Mediterranean ecosystems as a result of
substantial changes in uses (intensive agriculture and urbanization), which may favour P.

pipistrellus and be detrimental to the other two species, especially P. kuhlii.

The fourth paper of the thesis deals with the analysis of the effectiveness of protected areas
in conserving bat populations. There are many bat species in Annex |l of the Habitats Directive and
the effectiveness of the Natura 2000 network needs to be evaluated. For this, we assessed the
effectiveness of the Special Areas Conservation (SAC) sites as regards the protection they offer to
six species of cave-dwelling bats included in Annex Il. We checked the effectiveness at two levels:
1) the protection offered to roosts and, 2) the protection offered for their suitable and optimal
habitats. To analyse the effectiveness in the protection of their habitat, ecological niche factor
analysis (ENFA) models and their corresponding habitat suitability maps (HSMs) were elaborated.
These HSMs were used to calculate the percentage of area that was protected by the SAC sites.

Gap analyses indicated that a 60% of roosts are protected by SAC sites, with values
ranging from 45.8% for Miniopterus schreibersii to 72.2% for Rhinolophus hipposideros. However,
the protection offered to suitable and optimal habitats was found to be much lower in general, with
values below 40% in all cases. Our results showed that some roosts used by cave-dwelling bats
are artificial (mines and buildings). Also, the protection levels offered by habitats are generally too
low to ensure an effective protection of their populations. Our study emphasize the importance of
assessing the efficiency of protected areas by considering distribution models that incorporate

different types of information (e. g. roosts and use habitat) concerning species occurrence.

All the work and research developed for this thesis show that the semiarid conditions of
south-east Iberia affect the ecology of bat species, including those with a pan-European

distribution. These factors are evident in the morphological measurements obtained for some of
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them. Also, they may be reflected in habitat adaptations and their response to human alterations,
in a zone with largely anthropic influence. The general conclusions of this thesis are:

1. Semiarid landscapes in the south-east of the Iberian Peninsula affect bat ecology
and conservation. These factors can affect species morphology and habitat
selection. To apply effective management and conservation measures these
adaptations must be studied.

2. Aguatic habitats and wetlands play a fundamental role for bat communities in the
zone, especially as hunting and drinking areas. Also, these habitats could be used
as landmarks or corridors.

3. Human alterations made in the study area, especially changes in landscape use,
have probably had a negative effect on different bat species. Most bat species
showed a negative relation with crops, particularly rainfed crops.

4.  The design of the Natura 2000 Network omits some aspects of bat ecology, which
affects its capacity to achieve its aims.

5.  Some roost types (mainly human buildings) are unlikely to be included within the
limits of Natura 2000 sites. This could affect negatively the conservation of some
cave-dwelling species.

6. The changes made in the availability of water bodies represent an opportunity for
habitat tolerant species, but may lead to a loss of biodiversity in the bat community.

7. Ecological niche models with only-presence data are an effective tool for
understanding the ecological requirements of bat species.

8. It is necessary to make more studies about bat ecology in semiarid landscapes and

increase our knowledge of interspecific interactions between species.

The specific conclusions of each paper are the following:

— The presence of reverse SSD for every wing measurement of Myotis myotis
populations in the south-east of the lberian Peninsula, and its persistence are
probably motivated by ecological and environmental factors.

— Biometric studies of wing measurements are important to reveal hidden biological
aspects of bats (e.g. latitudinal cline, isolation of populations, climate factors, etc),
which could help in their conservation.

— The absence of size differences between paired and single males suggests that
sexual selection is not related to this feature.

— The worse fitness condition of paired males shows that they make an additional

effort during the reproductive period.
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About bats and water infrastructures:

— The presence of water bodies in zones where these are limited has a positive effect
on bat activity and richness.

— This effect appears to benefit only a few species. Therefore, a disproportionate
growth of hydraulic infrastructures and “artificialization” of the aquatic habitats in
Mediterranean basins could have negative effects on some of the most endangered
species, which would reduce the overall conservation value of the bat community.

— It is necessary to implement conservation measures to prevent these water

infrastructures from being prejudicial to bat populations and their insect-prey.

About inter-specific interaction between three sympatric bat species:

— The three species show a pattern of co-occurrence in the study area; however the
results show that, despite a number of differences in habitat preferences, there is a
high overlap of optimal habitat between them.

— Therefore, we suggest that fine-scale mechanisms of resource partitioning are
probably acting to prevent strong competition between them and maintain their
coexistence. The models cannot reflect this mechanism.

— The three species show a strong preference for water courses and wetlands,
reflecting the importance of aquatic habitats as critical resource for bats in semiarid
landscapes. Therefore, the high tolerance of P. pipistrellus allows it to use a wide
variety of environments, which should give it a competitive advantage over P.
pygmaeus and P. kuhlii.

— The high values for optimal habitat for P. kuhlii and its association with human
activities indicate that this species is well adapted to human environments.
However, P. kuhlii may be suffering the effects of substantial changes in the

landscape uses.

About the effectiveness of the Natura 2000 Network for cave-dwelling bats:

— The SAC network in the study area is apparently sufficient for the conservation of
cave-dwelling bat populations, but could be improved in some aspects.
— It is necessary to include as suitable roosts other types such as mines and

buildings.
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— Other important habitats for foraging, such as small water habitats and agricultural
lands, should be included.

— Specific habitats within SAC sites, not only the cavity itself, should be included.

— Management measures to increase the awareness of owners of agricultural areas
near the SAC sites, should be token.

— Connectivity problems between different SAC sites, should be studied.
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RESUMEN GENERAL

La escasez de informacion sobre los murciélagos en el sureste ibérico no sélo se limitaba a
la biodiversidad de especies presentes en la zona, sino que abarcaba otros aspectos como la
distribucién de las mismas, ausencia de datos morfoldgicos o biométricos, la peculiaridad de sus
poblaciones, la existencia de criptoespecies, el uso del habitat y la adaptacién de los diferentes
taxones a las particularidades ambientales de la zona, asi como la influencia de las modificaciones
antropicas en el grupo.

Dichas carencias condicionan de manera particular el desarrollo de una tesis doctoral
pionera sobre el grupo en dicha region, ya que se hace necesario en primer lugar la resolucién de
cuestiones basicas de la biologia de los taxones, asi como abordar cuestiones ecol6gicas mas
generales para todo el grupo que puedan usarse para implementar medidas de gestion y
conservacion para estos mamiferos. Ademas, dichos trabajos preliminares deben de producir un
conocimiento basico que pueda ser utilizado posteriormente para investigaciones mas concretas o
gue afecten a taxones particulares.

El objetivo general de esta tesis doctoral, es organizar e incrementar el conocimiento sobre
la biologia y ecologia de los quirépteros en ambientes mediterraneos semiaridos. Para cumplir
este objetivo, los diferentes articulos de la tesis profundizan en objetivos particulares centrados en
las poblaciones del sureste ibérico, abarcando diversos aspectos como la morfologia alar en las
poblaciones del sureste, influencia de la seleccidon sexual, seleccion del habitat, interacciones
interespecificas y efectividad de las medidas de conservacion sobre las especies mas
amenazadas.

Dado que las medidas alares de los murciélagos son importantes, no sélo a la hora de
identificar especies, sino que pueden revelar la existencia de procesos ecoldgicos o
biogeograficos que afectan a la especie y que pueden caracterizar a las poblaciones. En el primer
articulo, se emplearon las medidas alares para examinar la presencia de dimorfismo sexual en
tamafio (Sexual Size Dimorphism, SSD) en el murciélago ratonero grande (Myotis myotis,
Borkhausen, 1797) en las poblaciones del sureste ibérico. Los objetivos del estudio eran: 1)
Determinar la existencia de SSD en las medidas alares y conocer cuales son las medidas mas
discriminantes, 2) Comparar las medidas entre machos emparejados y solitarios dentro de
refugios de cépula y 3) Discutir la implicaciones ecoldgicas del SSD en esta especie. Para ello, se
capturaron 195 individuos adultos (141 machos y 54 hembras) a los cuales se les tomaron
diferentes medidas morfol6gicas, especialmente la longitud del antebrazo (FA), quinto dedo (D5),
tercer dedo (D3) y peso. Para descartar que el dimorfismo sexual fuera producido por una

seleccion sexual, se aprovechd que dicha especie tiene refugios de coOpula para capturar a
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machos con diferente condicion sexual (emparejados y solitarios) y comparar diferentes medidas
entre ellos.

Los resultados demostraron la existencia de un dimorfismo sexual inverso en dicha
especie, donde las hembras son significativamente méas grandes que los machos. Para todas las
medidas alares, las hembras mostraban valores superiores a los machos, pero la longitud del
antebrazo y del tercer dedo eran las medidas mas discriminantes para esta especie. La
comparacion de las medidas alares entre los machos emparejados y los solitarios, se observé que
no existian diferencias significativas entre ellos, aunque se encontré6 que los machos solitarios
tenian un peso y una condicién fisica significativamente mejor que los machos emparejados.

La presencia de SSD en M. myotis se habia descrito en las medidas craneales, pero su
presencia en las medidas alares pone de manifiesto la existencia de fuertes presiones para su
mantenimiento en la naturaleza. Por otro lado, la obtencién de medidas craneales es sumamente
dificil, mientras que las medidas alares se toman regularmente, y por lo tanto puede constituir una
buena herramienta para aflorar peculiaridades en las poblaciones de quirdpteros. Nuestro estudio
muestra que los individuos del sureste ibérico son mucho mas grandes gue los encontrados en el
norte de Europa y por lo tanto, es posible la existencia de una clina latitudinal para la especie. Por
otro lado, nuestro estudio muestra que no se produce una seleccién sexual por parte de las
hembras de machos mas pequefios, lo que explicaria en parte del dimorfismo a través de un
proceso de seleccion sexual. Se discute la existencia y mantenimiento de dicho dimorfismo en
términos de ventajas reproductivas, segregacion del nicho tréfico y movilidad. Ademas de las

implicaciones en el flujo genético entre poblaciones.

La fuerte transformacion que ha sufrido la Cuenca del Segura y el aumento de los cuerpos
de agua que ha supuesto la puesta en marcha de diferentes infraestructura hidraulicas, hacia
necesario evaluar la influencia de los diferentes tipos de habitat y de otras variables ambientales
sobre la actividad y la riqueza de especies de murciélagos. Y de forma especifica, evaluar el papel
de los cuerpos de agua artificiales en la comunidad de murciélagos. Para ello, se realizaron
puntos de escucha con detectores de ultrasonidos en cinco tipos de habitats (bosque, matorral,
cultivos, trasvase y balsas) en las inmediaciones de un espacio protegido que tienen una
comunidad de quirépteros rica y diversa. Se utilizaron dos parametros para determinar el uso del
hébitat por los murciélagos. Por un lado, se midio la actividad de los mismos utilizando como
medidas las pasadas y los zumbidos de alimentacion por unidad de tiempo. Asi mismo, se midio la
riqueza de especies en cada tipo de habitat.

Los resultados del estudio, empleando modelos de regresion, indicaron que la actividad de
los murciélagos era significativamente mas elevada en el canal del Tajo-Segura que en el resto de
habitats estudiados. Sin embargo, dicha actividad elevada estaba fundamentalmente producida

por dos especies de murciélagos bastante comunes, Pipistrellus pipistrellus y P. pygmaeus. Por el
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contrario, la actividad de otras especies, concretamente las especializadas en cazar en este tipo
de ambientes como Myotis daubentonii y Myotis capaccinii era baja. Por otro lado, la actividad en
las balsas de riego es significativamente mayor que la registrada en los otros tipos de habitats. La
riqueza de especies es significativamente mas elevada en ambos sistemas acuaticos. Unicamente
las dos especies de pipistrelos (P. pipistrellus y P. pygmaeus) muestran una respuesta
dependiente del tipo de habitat de forma significativa, mientras que otras especies tienen su
actividad determinada por otros factores ambientales como puede ser la temperatura, la humedad
o la velocidad del viento.

La elevada actividad registrada en los cuerpos de agua artificiales indica que tienen un
valor de conservacion para los murciélagos, especialmente para los pipistrelos. Sin embargo,
también se detecta que dichos sistemas son utilizados por especies de murciélagos relativamente
comunes y abundantes, mientras que las mas amenazadas apenas estan presentes. De tal forma,
gue el aumento de los recursos acuaticos de la zona puede tener un efecto beneficioso para
ciertas especies, pero también puede contribuir a la vulgarizacién de la comunidad. Ademas,
puede producirse una modificacién de la comunidad por efecto competitivo entre ellas. Se propone
algunas medidas para incrementar el valor de conservacién de dichas infraestructuras, al menos

en zonas protegidas.

Aquellas especies con caracteristicas similares (ej. morfologia, dieta, técnica de caza, uso
del habitat) y que viven en simpatria deben interactuar entre ellas. Se emplearon modelso de
nicho ecolégico con datos de solo presencia para generar mapas de habitat idoneo, con el objetivo
de estudiar los requerimientos ecolégicos y las interacciones inter-especificas entre tres especies
de pipistrelos simpatricas (Pipistrellus pipistrellus, P. pygmaeus y P. kuhlii). Se emple6 una base
de datos de presencias de cada especie, que fue obtenida mediante una combinacién de
metodologias (inspeccion de refugios, transectos de escucha y trampeo) a fin de evitar sesgos.
Con estos datos, se us6 analisis factorial del nicho ecoldgico (Ecological Niche Factorial Analysis,
ENFA) para realizar modelos y determinar las variables ecogeograficas que eran importantes para
las tres especies y posteriormente se elaboraron mapas de idoneidad del habitat (habitat suitability
maps, HSM) para cada una de ellas. Los HSM fueron empleados para comparar el solapamiento
entre el habitat 6ptimo de las tres.

Los resultados mostraron que las tres especies comparten en gran medida los lugares
prospectados, no obstante los modelos ENFA mostraron que existen diferencias para las variables
ecoldgicas que afectan a las diferentes especies. Aunque todas ellas tienen preferencias por los
ambientes acuéticos. Los HSM mostraron que P. kuhlii era la especie con una mayor proporcion
de habitat 6ptimo, P. pygmaeus era la especie mas marginal y P. pipistrellus se muestra como una
especie tolerante y generalista. Estos resultados muestran que aunque las especies muestran

segregacion en el nicho, existe un elevado grado de solapamiento entre ellas. Por lo tanto, la
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coexistencia debe producirse a fina escala y pueden intervenir otros factores como la segregaciéon
temporal del nicho.

Se discute las posibles consecuencias de los cambios en los usos del suelo en los
ecosistemas mediterrdneos (agricultura intensiva y urbanizacion) en las tres especies, de tal forma
gue dichos cambios pueden beneficiar a P. pipistrellus que es la especie mas tolerante mientras
gue pueden tener efectos negativos sobre las otras dos.

La presencia de muchas especies de murciélago en el Anexo Il de la Directiva Habitat,
hace necesario una evaluacion de la efectividad de la misma. Para ello, se estudid la proteccion
ofrecida por el conjunto de SACs (Special Areas Conservation) para 6 especies de murciélagos
cavernicolas incluidos en el Anexo Il. La evaluacion de la efectividad se realizé a dos niveles, 1)
En la proteccion de los refugios y 2) En la proteccién de los habitats idoneos para las especies.
Para analizar la eficacia en la protecciébn de los habitats, se elaboraron modelos de nicho
ecoldgico con datos de sdlo presencia (ENFA) para las especies estudiadas y posteriormente se
elabord el consecuente mapa de idoneidad del habitat (HSM). Los HSM fueron empleados para
calcular el porcentaje de area de cada habitat que se encontraba dentro de los LIC.

Los resultados del estudio mostraron que aproximadamente el 60% de los refugios
conocidos para las especies estudiadas estaban protegidos por los LICs, aunque los valores
oscilaban entre el 45.8% para Miniopterus schreibersii y 72.2% para Rhinolophus hipposideros. No
obstante, la proteccion ofrecida por los LICs a los hébitats adecuado y 6ptimo de las especies
estudiadas no superaba en ninguln caso el 40%. Para las especies cavernicolas una gran parte de
los refugios utilizados no son refugios naturales (minas y edificios) y los niveles de proteccion de
los habitats son generalmente muy bajos para asegurar una proteccion eficaz de las poblaciones.
El estudio también resalta la necesidad de incorporar al desarrollo de los modelos diferentes

fuentes de informacion (refugios y uso del habitat).

El conjunto de trabajos e investigaciones desarrollados para esta tesis muestran que las
condiciones de semi-aridez del sureste peninsular influyen en la ecologia de las especies, incluyo
en aguellas con una amplia distribucion europea. Dichas influencia puede manifestarse en las
medidas morfoldgicas de algunas de ellas. Pero también se refleja en las adaptaciones a los
hébitats existentes y en la respuesta de ellas a las modificaciones realizadas por el hombre, en

una zona que tienen una larga influencia antrépica.
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Las conclusiones generales de esta tesis son:

Los ambientes semiaridos del sureste peninsular condicionan la ecologia y la
conservacion de los murciélagos. Estos condicionantes puede afectar a la
morfologia de las especies y a la seleccion de hébitat. Por lo tanto, para aplicar
medidas de gestién y conservacion eficaces para todo el grupo debe estudiarse
dichas adaptaciones a fin de conseguir la proteccion adecuada.

Los ambientes acuaticos y los humedales juegan un papel fundamental para las
comunidades de murciélagos de la zona, siendo especialmente importantes como
lugares de caza y para beber. También pueden tener un importante papel como
marcas del paisaje o corredores.

La modificacion producidas por el hombre en el area de estudio, especialmente los
cambios en el uso del suelo pueden estar afectando negativamente a las diferentes
especies de murciélagos, incluso a la mas antrdpicas. Gran parte de las especies
muestran una relacion negativa con los habitats agricolas, particularmente los
cultivos de secano. Estas modificaciones se pueden traducir en una pérdida de

hébitat o una fragmentacion del mismo.

El disefio de la Red Natura 2000 obviando muchos aspectos de la ecologia de los
murciélagos puede desembocar en una ineficacia de la propia red para cumplir sus

objetivos.

La exclusién de otros tipos de refugios artificiales en las medidas de proteccion
puede suponer una desventaja para la conservacion de los murciélagos

cavernicolas en el sureste ibérico.

Los cambios producidos por la alteracién de los cuerpos de agua pueden suponer
una oportunidad para especies tolerantes, pero también puede conducir a la

banalizacion de la comunidad.

El uso de modelos de nicho ecoldgico con datos de solo presencia se muestran
como una herramienta eficaz para conocer los requerimientos ecologicos de las

especies de murciélagos.

Se hace necesario la realizacion de nuevas investigaciones sobre ecologia de los
murciélagos en ambientes semiaridos que incremente el conocimiento de las

particulares relaciones entre estos mamiferos.

27



Fulgencio Lison Gil (2014) Bat ecology and conservation in semiarid Mediterranean
landscapes — Ecologia y conservaciéon de murciélagos en ambientes mediterraneos

semiaridos

A continuacién se exponen las conclusiones particulares de cada uno de los articulos que

conforman esta tesis:

La presencia de SSD inverso en las medidas alares de M. myotis en las
poblaciones del sureste ibérico y su persistencia pueden estar motivadas por
factores ecoldgicos y ambientales.

Los estudios biométricos de las medidas alares son importantes para revelar
aspectos biolégicos ocultos de los murciélagos.

La ausencia de diferencias en las medidas alares entre machos con diferente
condicion sexual sugieren la ausencia de seleccion sexual para el tamafio de los

machos.

Las diferencias en la condicion fisica entre machos, indican que aquellos

emparejados realizan un esfuerzo adicional durante la época de cépula.

Para el efecto de las infraestructuras acuaticas sobre los murciélagos:

La presencia de cuerpos de agua en zonas donde estos son escasos, proporcionan

un beneficio para la actividad y la diversidad de murciélagos.

El efecto beneficioso puede producirse Unicamente para algunas especies, por lo
gue un crecimiento desproporcionado de las infraestructuras hidraulicas y una
artificializacion de la zona puede producir efectos negativos para especies
amenazadas. Especialmente, si se tratan de especies especializadas en cazar

sobre la superficie acuatica.

Es necesario la inclusiéon de medidas correctoras para evitar que la artificializacion
de las estructuras acuaticas supongan un perjuicio para las poblaciones de

murciélagos y de los insectos de lo que se alimentan.

En cuanto a las interacciones interespecificas entre tres especies simpétricas de

murciélagos:
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Las tres especies de pipistrelos muestran un patrén de coocurrencia, sin embargo
se observa que existen diferencias en la preferencia del habitat y aunque existe

solapamiento del nicho, también existe cierta diferenciacion del mismo.

Por lo tanto, es posible que se produzca una segregacion del mismo a través de
mecanismos a escala menor que no pueden reflejarse en los modelos y que

permitan la coexistencia de las dos especies.

Las tres especies muestran preferencias por habitats acuaticos en una zona donde
es un recurso limitado. Por lo tanto, la tolerancia de P. pipistrellus puede darle una
ventaja competitiva sobre las otras dos especies en un contexto en el cual se

produce un incremento artificial y desproporcionado de estas infraestructuras.

Los valores para el habitat 6ptimo de la especie P. kuhlii y su asociacion a
actividades humanas indican una relacion prolongada entre ambas, pero puede

verse afectada negativamente por los sustanciales cambios en los usos del suelo.

En cuanto a la efectividad de la Red Natura 2000 en la conservacion de los murciélagos

cavernicolas, se concluye:

La red de LIC es aparentemente suficiente para la conservacion de los murciélagos

cavernicolas, pero deben mejorarse varios aspectos.

Deben incluirse como refugios adecuados otras tipologias, tales como los refugios

artificiales (minas, edificaciones, etc.).

Deben incluirse habitats importantes para la caza de estas especies, como pueden

ser habitats acuaticos pequefios o zonas agricolas.

Deben incluirse dentro de los LIC habitats especificos alrededor de los refugios, no

Unicamente la cavidad.

Deben llegarse a acuerdos con los propietarios de areas agricolas en las

inmediaciones de los LIC.

Debe estudiarse los problemas de conectividad entre los LIC.
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DIMORFISMO SEXUAL EN EL TAMANO DEL MURCIELAGO RATONERO
GRANDE Myotis myotis (CHIROPTERA: VESPERTILIIONIDAE) EN UNA
REGION MEDITERRANEA

RESUMEN

La presencia de dimorfismo sexual en el tamafio es comun entre los mamiferos, pero no
existe una explicacion clara sobre su mantenimiento en la naturaleza. Los murciélagos es uno de
los pocos grupos de mamiferos que presenta dimorfismo sexual inverso. En este grupo, el tamafio
de los individuos puede tener importantes consecuencias ecolégicas sobre el vuelo de los
individuos. En este estudio, se examin6 el dimorfismo sexual en las medidas alares de 195
individuos adultos (141 machos y 54 hembras) del murciélago ratonero grande Myotis myotis en el
sureste de la Peninsula Ibérica. Ademas, se estudi6 las diferencias en tamafio entre los machos
emparejados y no-emparejados en los refugios de copula. Los resultados indican que existen
diferencias significativas en las medidas alares entre sexos, las hembras son mucho mas grandes
gue los machos en este aspecto. Sin embargo, no se observaron diferencias significativas entre
los machos emparejados y los no-emparejados. En cambio, si existian diferencias significativas
entre el peso y el estado fisico entre los machos, siendo los machos no-emparejados mucho mas
pesados y con una mejor condicién fisica. Se discute las implicaciones del dimorfismo sexual
inverso en las hembras de M. myotis en términos de ventajas reproductivas, segregacion del nicho

tr6fico y mayor movilidad, probablemente favoreciendo el flujo genético entre poblaciones.

Palabras clave: Biometria, condicion fisica, seleccion sexual, dimorfismo sexual inverso,

medidas alares.
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SEXUAL SIZE DIMORPHISM IN GREATER MOUSE-EARED BAT Myotis
myotis (CHIROPTERA: VESPERTILIONIDAE) FROM A MEDITERRANEAN
REGION

Abstract

Although sexual size dimorphism (SSD) is common among mammals, there is no clear
explanation for its maintenance in nature. Bats are one of the few groups of mammals where
reverse SSD appears. In this group, the size of individuals may have very important ecological
consequences related with flight. In this study, we examine sexual dimorphism in the wing
measurements of 195 adult individuals (141 males and 54 females) of the greater mouse-eared bat
Myotis myotis in the south-east of the Iberian Peninsula. We also investigated size differences
between paired and single males in a swarming roost. The results indicate that there are significant
differences in the wing measurements between sexes, females being bigger than males in this
respect. While no significant differences in the wing measurements of paired and single males
were observed, significant differences were found in their relative weight and fitness, single males
being significantly heavier and having a better physical condition. We discuss the implications of
SSD for the female of M. myotis in terms of reproductive advantages, trophic niche segregation

and a greater ability to move, which may favour gene flow between populations.

Keywords: Biometry, fitness, sexual selection, reversed size dimorphism, wing

measurements.
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EL SIGNIFICADO DE LAS INFRAESTRUCTURAS ACUATICAS EN LA
CONSERVACION DE LOS MURCIELAGOS EN AMBIENTES
MEDITERRANEOS SEMIARIDOS

RESUMEN

Las areas mediterraneas semiaridas del sureste de Espafia han sufrido un gran
crecimiento econdmico en los ultimos afios debido a una desproporcionada expansion de la
agricultura intensiva y el urbanismo. Este crecimiento se ha apoyado en el desarrollo de trabajos
de ingenieria hidraulica a gran escala para compensar las restricciones impuestas por los escasos
recursos hidricos autéctonos. Se estudia el papel de este tipo de infraestructuras en el uso de
habitat de los murciélagos en un area forestal protegida y sus alrededores, un paisaje mixto con
zonas agricolas tradicionales e intensivas, y que esta cruzado por el canal del trasvase Tajo-
Segura y que tiene numerosas balsas de riego. Los resultados muestran que las infraestructuras
acudticas tienen un efecto positivo sobre la actividad de los murciélagos (medida como pasadas y
zumbidos de alimentacion por unidad de tiempo) y sobre la riqueza de especies. Los modelos de
regresion indican que la actividad de los murciélagos es muy elevada en el canal Tajo-Segura con
respecto a otro tipo de habitat estudiado. Sin embargo, la gran actividad aparentemente esta
producida por la presencia de dos especies de murciélagos comunes, Pipistrellus pipistrellus and
Pipistrellus pygmaeus, mientras que otras especie, como los murciélagos especializados en cazar
sobre la superficie acuatica como Myotis daubentonii y Myotis capaccinii son menos frecuentes, a
pesar de estar mas amenazados. La ausencia de vegetacion a lo largo del canal y la velocidad del
agua parece que no benefician a estas dos Ultimas especies, mientras que tiene un gran valor

para la conservacion de otras, como los murciélagos del género Pipistrellus.

Palabras clave: cuerpos de agua artificiales, Chiroptera, uso del habitat, agricultura de

regadio, Trasvase Tajo-Segura.
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THE SIGNIFICANCE OF WATER INFRASTRUCTURES FOR THE
CONSERVATION OF BATS IN A SEMIARID MEDITERRANEAN
LANDSCAPE

ABSTRACT

The semiarid Mediterranean areas of south-eastern Spain have undergone great economic
growth in recent years following the disproportionate expansion of intensive agriculture and
housing developments. Such growth can only be supported by the development of large-scale
hydraulic engineering works to compensate for the restrictions imposed by the scarcity of
autochthonous water resources. We have studied the role of this type of infrastructure in the
habitat use of several bat species in a protected forest area and its surroundings, a mixed
landscape of traditional and intensive agricultural landscape crossed by the Tagus—Segura water
transfer channel and endowed with frequent irrigation ponds. Our results showed that water
infrastructures have a positive effect on bat activity (as measured as bat passes and feeding
buzzes per unit time) and species richness. The regression models indicate that bat activity is
notably higher in the Tagus—Segura channel than in the other habitat types studied. However, this
higher activity appears to be mainly due to the presence of the two most common species,
Pipistrellus pipistrellus and Pipistrellus pygmaeus, while others, such as the trawling bats Myotis
daubentonii and Myotis capaccinii, specialist hunters in this kind of habitat and under greater threat
in the study area are much less frequent. The absence of vegetation along the canal and the
speed of the current do not seem to favor the presence of these last two species, whose

conservation value is much greater than that of the pipistrelles.

Keywords: artificial water body; Chiroptera; habitat use; irrigation agriculture; Tagus—

Segura water transfer.
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MODELOS DE NICHO ECOLOGICO PARA TRES ESPECIES DE
MURCIELAGOS DEL GENERO PIPISTRELLUS EN AMBIENTES
MEDITERRANEOS SEMIARIDOS

RESUMEN

Los humedales y los habitats acuaticos en los ambientes mediterrdneos son muy escasos
en general, representando un recurso limitante para todas las especies. Para los murciélagos del
género Pipistrellus, estos ambientes son esenciales y aquellas especies que viven en simpatria
deben desarrollar mecanismos de reparto del nicho para evitar la competicion directa. Usando
modelos de nicho ecoldgico y mapas de héabitat idbneo se ha estudiado los requerimientos
ecolégicos y las posibles interacciones interespecificas entre tres especies simpatridas de
murciélago del género Pipistrellus en ambientes mediterraneos semiaridos. Los resultados
muestran que existen diferencias entre las tres: Pipistrellus kuhlii tiene la mayor proporcién de
habitat 6ptimo (a pesar de que es la menos comun), Pipistrellus pygmaeus tienen los valores mas
altos de marginalidad y la mas comuan Pipistrellus pipistrellus es una especie generalista y
tolerante. Sin embargo, las tres especies muestran una gran preferencia por los habitats acuéticos
y existe un elevado grado de solapamiento entre ellas, por lo tanto su coexistencia obedece a
mecanismo de reparto del nicho a pequefa escala. Las profundas alteraciones que se han
producido en los ecosistemas mediterraneos han dado como resultado cambios substanciales en
los usos del suelo (agricultura intensiva y urbanizacién) que pueden favorecer a P. pipistrellus e ir

en detrimento de las otras dos especies, especialmente P. kuhlii.
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ECOLOGICAL NICHE MODELLING OF THREE PIPISTRELLE BAT
SPECIES IN SEMIARID MEDITERRANEAN LANDSCAPES

ABSTRACT

Wetlands and aquatic habitats in Mediterranean environments are very scarce in general,
representing a limiting resource for all species. For pipistrelle bats, such environments are
essential and so those species living in sympatry have to develop mechanisms of niche partitioning
to avoid direct competition. We used ecological niche models and habitat suitability maps (HSMs)
to study the ecological requirements and possible interspecific interactions between three
sympatric species of pipistrelles in semiarid Mediterranean landscapes. The results point to
differences between the three species: Pipistrellus kuhlii has the largest proportion of optimal
habitat (despite being the least common), Pipistrellus pygmaeus has the highest value of
marginality and the most common, Pipistrellus pipistrellus, is a habitat-tolerant and generalist
species. However, all three species show a strong preference for aquatic habitats and there is a
high degree of overlapping between them, so that their coexistence must obey fine-scale
mechanisms of niche partitioning. The profound alterations that have occurred in Mediterranean
ecosystems as a result of substantial changes in the landscape uses (intensive agriculture and
urbanization) may favour P. pipistrellus and be detrimental to the other two species, especially P.
kuhlii.

Keywords: Aquatic habitats, Chiroptera, Habitat suitability maps, Niche partitioning,
Pipistrellus.

E



Papers

EFECTIVIDAD DE LA RED NATURA 2000 EN LA CONSERVACION DE
LOS MURCIELAGOS CAVERNICOLAS EN UNA REGION
MEDITERRANEA

RESUMEN

La Red Natura 2000 representa el mayor esfuerzo en conservacion realizado en Europa,
sin embargo su efectividad es cuestionada algunas veces, especialmente en las regiones
mediterrdneas. Los murciélagos estan protegidos por la Directiva Habitat y la presencia de ciertas
especies es un prerrequisito para la designacion de Lugares de Importancia Comunitaria (LICs)
gue pueden incluirse dentro de la Red Natura 2000. No obstante, la efectividad de los LIC en la
proteccion de los murciélagos, especialmente las especies cavernicolas, no ha sido evaluada. Se
ha estudiado la efectividad de los LIC en la proteccién de los refugios de seis especies de
murciélago cavernicolas y la proteccion de sus habitats idoneo y 6ptimo, usando modelos de nicho
ecologico. El analisis de carencias indica que aproximadamente el 60% de los refugios se
encuentra protegido por los LIC, con valores que oscilan entre el 45,8% para Miniopterus
schreibersii y el 72,2% para Rhinolophus hipposideros. La proteccién para los habitats idéneo y
Optimo es mucho menor en general, con valores por debajo del 40% en todos los casos. Los
resultados ponen de manifiesto el valor potencial de refugios subterrdneos no naturales (ej. minas
y edificios) en la conservacion de las poblaciones de murciélagos y la importancia de una
aproximacion a la eficacia de las areas protegidas considerando modelos de distribucion que
incorporen diferentes tipos de informacion (ej. refugios y uso del habitat) en la presencia de las

especies.

Palabras clave: Chiroptera, modelos de nicho ecolégico, habitat idéneo, refugios, lugares

de importancia comunitaria.
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EFFECTIVENESS OF THE NATURA 2000 NETWORK FOR THE
CONSERVATION OF CAVE-DWELLING BATS IN A MEDITERRANEAN
REGION

ABSTRACT

The Natura 2000 Network represents the greatest step forward yet in conservation in
Europe, although its effectiveness is sometimes questioned, especially in Mediterranean regions.
Bats are protected by the Habitat Directive and the presence of certain species is a prerequisite
before Special Areas Conservation (SAC sites) can be included as such in the Natura 2000
Network. However, the effectiveness of SAC sites as regards the protection they offer to bats,
especially cave-dwelling species, remains to be evaluated. We assess the effectiveness of the
SAC system for protecting the roosts of six species of cave-dwelling bats and for protecting
suitable and optimal habitats, using ecological niche models. Gap analyses indicate that c. 60% of
roosts are protected by SAC sites, with values ranging from 45.8% for Miniopterus schreibersii to
72.2% for Rhinolophus hipposideros. The protection offered to suitable and optimal habitats was
found to be much lower in general, with values of below 40% in all cases. Our results emphasize
the potential value of non-natural caves (e.g. mines and buildings) for the conservation of bat
populations, and the importance of assessing the efficiency of protected areas by considering
distribution models that incorporate different types of information (e.g. roosts and use habitat)

concerning species occurrence.

Keywords: Chiroptera; ecological niche modelling; suitable habitat; roost; special areas of

conservation.
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