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Abstract

[ developed acoustic identification methods and studied habitat use in a speciose bat
community from southern Italy. I studied echolocation calls from 23 Italian bat species
and devised multivariate discriminant functions used for habitat use studies. I described
diagnostic Pipistrellus kuhlii social calls. I demonstrated sympatry of Pipistrellus
pipistrellus and P. pygmaeus in Italy. I also examined resting frequencies from
Rhinolophus euryale and R. mehelyi. juveniles called at lower frequencies than adults.
The implications of these findings for acoustic investigations are discussed.

Habitat selection at the community level was determined by acoustic surveys. Activity
was highest over rivers and lakes. M. daubentonii and M. capaccinii were affected by
wind, and temperature influenced Hypsugo savii activity. P. kuhlii, P. pipistrellus and
Tadarida teniotis showed no significant habitat preference. Rivers were selected
particularly by Myotis bats and Miniopterus schreibersii.

Habitat selection by R euryale was studied by radiotracking. This species selected
broadleaved woodland. Urban, open areas and conifer plantations were avoided.

The results have clear implications for bat research and conservation in southern [taly
and other Mediterranean areas. Acoustic identification by quantitative echolocation and
social call analysis promises to be a valuable means to investigate habitat use by bats
with high intensity echolocation calls in speciose Mediterranean bat communities.
Rivers and riparian vegetation need to be adequately protected and managed. Habitats
managed or created by humans were also important and should therefore feature in
conservation plans. I recommend avoiding the clearance of continuous, large areas of
woodland, and not planting conifers. Urbanisation is a threat to R. euryale and other
sensitive species, and should be limited in areas of special value for the bat fauna.

Linear landscape elements such as tree lines and hedgerows should also be preserved.
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One. - Introduction

1.1. — Field methods to assess habitat use by foraging bats: a brief review
1.1.1. — Studying habitat use in bats

Much of this thesis is devoted to assessing habitat use by Italian bats in order to provide
information for conservation plans. In this section I will provide a general introduction
to the field techniques used to study habitat use by bats.

It is well known that bats show preferences in habitat exploitation (chapter six).
Foraging habitat preferences by bats may be assessed in different ways. Measuring a
specific descriptor of foraging activity — such as the capture success, when capture
devices are employed (e.g. Lumsden and Bennett, 1995), or the number of bat passes 1n
acoustic surveys (e.g. Vaughan et al., 1997a) — in different habitats makes 1t possible to
carry out a comparison between habitats: in this way, the relative use of habitats 1s
evaluated and their importance for a species, or a community, may be highlighted.
Radiotracking techniques appear especially suitable for making a comparison between
used and available resources: if the use of a certain habitat is disproportional to
availability, then selection occurs (e.g. Johnson, 1980; Aebischer et al., 1993).

A variety of field techniques to investigate habitat use by bats is available today. None
can be regarded as the best, since each may prove more or less effective 1n relation to
the species studied.

Basically, methods may be classified into four main categories: a) ultrasound detection;

b) visual observation; ¢) Use of mist-nets and harp-traps; and d) radiotracking

1.1.2. — Ultrasound detection

In the last decades, bat detectors (e.g. Ahlén,1980; 1991; Jones, 1993; Pettersson, 1999;
Parsons ef al., 2000) have become increasingly popular instruments (Plate 1.1). Their
basic function is to convert ultrasonic signals emitted by bats into audible sounds.
Whenever a flying bat calls within the detector’s range, its presence 1s revealed because
its ultrasonic signals are detected and made audible. Effectiveness in revealing the
presence of a bat depends upon the detector’s sensitivity (Waters and Walsh, 1994;
Parsons, 1996), call intensity (e.g. Jones and Waters, 1995), habitat structure in which
monitoring is performed (Parsons, 1996), and distance between and relative positions of
source and receiver. By directly listening to the sound output to the bat detector, or

analysing it with appropriate sound analysis hardware and software (Plate 1.1), the

|



researcher may also attempt species identification. I will not deal with the problem of
identifying species by their ultrasound now, since this is covered in chapter five.

Three types of detectors have been widely used to study the European bat fauna (e.g.
Ahlén, 1981; 1990; Zingg, 1990; Vaughan et al., 1997 a; 1997b; Parsons and Jones,
2000): heterodyne detectors, frequency division detectors, and time expansion devices.
Most recently, direct ultrasound sampling has also been successfully used (Pettersson,
1999; Jones et al., 2000; Parsons and Jones, 2000). Each of these methods has pros and

cons, which may be summarised as follows.

1.1.2.1. — Heterodyne detectors

Heterodyne detectors are the oldest devices applied to the study of bat echolocation. To
study bat calls, Pierce and Griffin (1938) first employed a heterodyne device developed
for hearing insect ultrasonic emissions. While their device only used one internal
oscillator, modern heterodyne detectors employ two oscillators, and should therefore
more precisely be termed “super-heterodyne’ detectors (Parsons ef al., 2000).

In heterodyne detectors, a first oscillator generates a frequency (whose value 1s set by
the user) and such a signal is mixed with that from the bat, picked up by the detector
microphone. Two resulting frequencies are thus obtained, one determined by the sum of
the bat call and the oscillator frequencies, the other from their difference: a filter
suppresses the latter, and the former i1s again mixed with the high-frequency signal
generated by a second (constant frequency) oscillator. Again, two peak frequencies are
produced, one well above the human hearing range, the other within it. In this way, the
signal is made audible (Parsons ef al., 2000).

By modulating the first oscillator frequency, the user may identify the frequency value
(+ 5kHz) where the tncoming signal is null: the corresponding value, read on a display,
is often close to the call frequency of highest energy. Because heterodyne detects only
calls falling 1nto a narrow range set by the user (it is a narrow-band method), all bat
passes pitched outside this range are missed. Moreover, heterodyne retains no
information on duration, frequencies and on the frequency-time course of the call

(Parsons et al., 2000), so heterodyne-processed calls are not suitable for quantitative

analysts.

14



1.1.2.2. - Frequency division

The incoming signal frequency is divided by a ratio set by the user, and this lowers the
frequency to audible values (Parsons et al., 2000). The system is broad-band, i.e. all
incoming frequencies are processed, and therefore especially useful to detect all bat
passes regardless of frequency (e.g. Vaughan et al., 1997a). Although measurements
may be taken from frequency-divided calls (e.g. Zingg, 1990), call structure is not
completely preserved because only the harmonic with the highest energy is tracked

(Parson ez al., 2000). Moreover, the signal-to-noise ratio is quite low, and clear

recordings are difficult to obtain.

1.1.2.3. - Time-expansion

This is a very advantageous way of recording ultrasound, because the call structure 1s
completely preserved and may be analysed in detail (Pettersson, 1999). Input calls are
digitised at a high sampling rate, and then ‘slowed down’, i.e. converted into a
waveforim at a lower output rate (Pettersson, 1999; Jones et al. 2000; Parsons et al.,
2000). Apart from the high cost of time-expansion devices, a major problem lies 1n the
fact that it is not possible to time-expand continuously: a sample of a certain duration
(e.g. 2s; 3s, 12s) is time-expanded by a given factor (generally x10), and dunng the
output phase (lasting e.g. 20s, or 30s if 2s, or 3s respectively are sampled with a x10

factor) no further signal may be expanded. This reduces the actual operating time of the
detector (Jones ef al., 2000; Parsons et al., 2000).

1.1.2.4. — Direct ultrasound sr;zmpl ing

Computer technology has recently made it possible to sample ultrasound signals without
lowering their frequency. A laptop computer fitted with a data acquisition card sampling
at frequencies > 330kHz 1s needed (Pettersson, 1999; Jones et al., 2000). In this way,
unlike time expansion, continuous sampling s possible; the system, however, is not as

robust and portable as the others so far mentioned (Jones ef al., 2000).

1.1.2.5. — Conducting acoustic surveys
A basic aim of an acoustic survey is to assess use by bats of several sites or habitat

types, performing limited (e.g. bats classified to family, or genera) or no identification.

Bat passes may be counted to index bat activity, but 1t should be stressed that in no case

may these express population densities, because several bat passes may originate from
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the same individual (Thomas and West, 1989). When identification is not a main
objective in the study protocol, even large numbers of observers, not necessarily
experienced 1n bat identification, may be employed to investigate bat activity on the
large scale. Comparison of overall bat abundance between different habitats may be
carried out, and predictions about suitability of further sites for foraging bats may be
made (Walsh ef al., 1995; Walsh and Harris, 1996a; 1996 b). When feasible, species
recognition makes it possible to collect detailed information on habitat use by one or
more species (€.g. McAney and Fairley, 1988; Rachwald, 1992; Rydell et al., 1994;
Vaughan et al., 1996; Shiel and Fairley, 1998; Waters et al., 1999). Recordings may be
carried out when stationary at point transects (e.g. McAngy and Fairley, 1988;
Rachwald, 1992) , or while moving along transects on foot, by bike or car (e.g. Ahlen,
1990; Walsh et al., 1995, Walsh and Harris, 1996a; 1996b; Vaughan et al., 1997a).
Devices which automate the monitoring and recording process while unattended have
also been used successfully (e.g. Downs and Racey, 1999; O’Donnell, 2000). The
choice of a specific sampling protocol strictly depends on the study aim and situation,
and special attention should be paid to it. Species emitting calls which are faint (e.g.
Plecotus) or deeply affected by atmospheric attenuation (e. g. Griffin, 1971; Lawrence
and Simmons, 1982) because of their high frequency (e.g. rhinolophids) may be

underrepresented in acoustic surveying, and alternative methods should be adopted to
study habitat use.

l.1.3. — Visual observation

A given bat species may be observed with a night-scope, filmed or photographed, and
data on its foraging strategies acquired in this way, provided the species may be
unambiguously recognised under such circumstances (e.g. Jones and Rayner, 1988;
Kalko and Schnitzler, 1989; Arlettaz, 1996; Siemers and Schnitzler, 2000). However,
this approach is of little use in habitat use studies. Otherwise, the bats may be captured
and fitted with reflective bands and chemoluminescent tags (Racey and Swift, 1985,
Barclay and Bell, 1988; Barataud, 1992; Pavey and Burwell, 2000). These tags have a
short life-span and tend to be groomed off by bats, so data must be generally collected
within a few hours from tagging; moreover, especially in cluttered habitats, the bats
may easily move out of sight (Barataud, 1992). These techniques are more useful to
document behavioural patterns than habitat use; in some cases, however, habitat use was

successfully assessed with reflective bands (Racey and Swift, 1985) or light-tags (Pavey
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and Burwell, 2000), but large numbers of observers need to be involved in field data

collection.

1.1.4. — Use of mist-nets and harp-traps

Mist-nets and harp-traps make it possible to capture bats. Mist-nets are less expensive
and easy to transport, but they must be checked continuously and the bats quickly
removed from them. If a net is left unattended, the bat gets very tangled, may be injured
and will probably damage the net by biting it. A variety of techniques exists about
where and how to erect nets in order to maximise capture success (e.g. Kunz and Kurta,
1988; Dilks et al., 1995; Jones et al., 1996). Nets erected at water sites, under bridges
over water or partly hidden by the surrounding riparian vegetation, generally provide
good capture rates. In the field work carried out for the present thesis, I captured many
bats by setting the nets beside cattle troughs in woodland sites far from other potential
drinking sites (Plate 1.2). Capture rates in woodlands and other non-aquatic habitats are
generally lower. In a study on a forest bat species from New Zealand, Chalinolobus
tuberculatus (Sedgeley and O’Donnel,1999), the bats were caught in canopy-height
mist-nets (Dilks ef al., 1995) in order to be fitted with radio-tags: the capture success in
this habitat was < 0.01 bats per net hour. The results provided by mist-netting may
therefore be influenced by the habitat features. Susceptibility to capture varies among
species, and this may bias habitat use analysis. Finally, when mist-nets are set at the
same site and in the same position bats learn how to avoid them (Kunz and Brock,
1975). Harp-traps are more expensive and less portable than mist-nets. Harp-traps have
a reduced 1ntercept surface, and are more effective when set by the roost exit or along
fly pathways than when placed in foraging sites. The traps are far less stressful for bats
than mist-nets, and removal 1s easy (Plate 1.2). Sedgeley and O’Donnell (1996) harp-
trapped Chalinolobus tuberculatus at tree-roosts, and concluded that the method did not
adversely affect bats. Harp-traps are more efficient than mist nets for the capture of
many rhinolophid and hipposiderid species (see Kingston et al., 2000).

In spite of the above described limitations, when a strict, well-controlled sampling
protocol is adopted, captures may still provide valuable information on habitat use by
bats (e.g. Lumsden and Bennett, 1995).
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1.1.5. - Radiotracking
Bats may be fitted with miniaturised radio-transmitters and tracked by means of a
receiver (Plate 1.3). This technique has been widely applied to bats to determine their

home-range, activity patterns, habitat use and roost selection (e.g. Fenton, 1983; Fenton
and Rautenbach, 1986; Jacobsen er al., 1986; Krull er al., 1991; Jones and Morton,

1992; Duvergé, 1996; Bontadina ef al., 1999a; 19990, Entwistle et al., 1996, Sedgeley
and O'Donnell, 1999; Smith 2000).

Although radiotracking may seem a rather invasive method, the impact on bats is
actually not significant when the tag weight is low enough. Aldnidge and Brnigham
(1988) estimated that Myotis yumanensis lost 5% of manoeuvrability when a tag 5% of
their body mass was applied. In order to minimise the influence of the tag on the bat’s
normal behaviour, a general rule is therefore that the tag should not exceed 5% of the
bat body mass (Aldridge and Brigham, 1988). Hickey (1992) found no significant
difference between the foraging success of tagged and non-tagged Lasiurus cinereus
(the tags weighed ca. 3% of the bat body mass).

Details on tagging and tracking are given in the Material and Methods section of chapter
seven.

Radiotracking makes it possible to collect data from individuals; the researcher’s final
aim, however, is to extrapolate features of a certain population, or species from
individual data. Information from very small samples may be strongly affected by
aberrant, or sex and age related behaviour (Rabinowitz, 1997). In order to avoid such

possible bias, a sample of at least 10 bats should be considered (Bontadina et al.,
1999a).

1.2. — The Italian bat fauna

1.2.1. — Overview

All 31 European bat species occur in Italy (Tab. 1.1), on the basis of both historical and
recent records (Lanza, 1959; Lanza and Finotello, 1985; Lanza and Agnelli, 1999,
Russo and Jones, 2000). The latest species documented for the Italian terntory,
Pipistrellus pygmaeus (Leach, 1825), was discovered 1n 1998 durning field work for this
thesis (Russo and Jones, 2000; see also chapter three). Bats are the most speciose
mammalian order in Italy, accounting for about 30% of the total number of native
mammal species and outnumbering even rodent species (Fig. 1.1). Tab. 1.1 shows the

status of Italian bat species for Italy (Bulgarnni ef al., 1998) and in a global context
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(TUCN, 2000). It 1s worth stressing that in some cases conservation status for Italy was

defined on the basis of very little information, because no systematic survey of bat
populations has ever been carried out in the country; only very recently has bat research

started to be taken seriously. At a global scale, Italy has 8 species considered
Vulnerable, and 11 Low risk — nearly threatened species (Tab. 1.1).

I will now review the main facts concerning occurrence, range and conservation status

of Italian bat species.

1.2.2. — Rhinolophidae

Four out of the five European rhinolophids currently occur in Italy (Lanza, 1959; Lanza
and Agnelli, 1999). Rhinolophus blasii may be extinct (Bulgarini et al., 1998). The only
confirmed observations of this species date back to the eighteenth century and refer to
the Trieste province (north-east Italy; Ninni, 1878; De Beaux and Dal Piaz, 1925). All
other records of R. blasii for Italy are considered uncertain (Lanza, 1959).

Rhinolophus ferrumequinum and Rhinolophus hipposideros (Plate 1.4) are present 1n all
Italian regions (Lanza, 1959) and are quite widespread. A number of colonies of the
former are anecdotally said to have undergone a numerical decline (Vernier, 1997). R.
hipposideros is defined as ‘widespread but uncommon’ in the Red List of Italian Fauna
(Bulgarini, 1998), and classified as endangered. Rhinolophus euryale (Plate 1.5) is
defined as ‘Vulnerable’ by Bulgarini et al. (1998), but information about 1ts status 1s
very poor, and according to my personal observations, in southern Italy 1t is less
frequent than R. ferrumequinum and R. hipposideros. The level of threat for this species
is likely to have been underestimated. Rhinolophus mehelyi (Plate 1.5) shows a very
unusual distribution: apart from a few, relatively old records for the Pughia region
(south-west Italy), and some others, unconfirmed (Amori et al., 1993), for Sicily
(Lanza, 1959), the only known colonies occur in Sardinia (Mucedda et al., 1994-95).
Sardinian colonies are very large, up to several thousand bats (Mucedda et al., 1994-

95). Some Sardinian individuals show a peculiar orange-coloured fur (Mucedda, 1994).

1.2.3. - Vespertilionidae

The majority of bat species occurring in Italy are vespertilionids. Among them 1s the
commonest Italian bat (Lanza, 1959), the Kuhl’s pipistrelle Pipistrellus kuhlii (Plate
1.6). Especially abundant at lower elevations (Vernier and Bogdanowicz, 1999), it

21




shows a high degree of synanthropy and may be commonly seen roosting and foraging

even 1n large cities.

Three other species from the genus Pipistrellus occur in Italy: the cryptic common (P.
pipistrellus) and soprano (P. pygmaeus) pipistrelles (Russo and Jones, 2000), and P.
nathusii. Uncommon in the country — especially in the south (Lanza, 1959), P. nathusii
was recently observed breeding in the north (Martinoli ef al., 2000). Also common in
the country is Savi’s pipistrelle (Hypsugo savii; Plate 1.6), a species formerly known as
Pipistrellus savii (Bonaparte, 1837), then ascribed to a genus on its own — Hypsugo — on
the basis of morphological characters intermediate between Pipistrellus and Eptesicus
(Horacek and Hanak, 1985-86).

Among the Myotis bats (Tab. 1.1, Plate 1.7), M. dasycneme should only be cited as
accidental for Italy. Indeed, only one specimen was found in the country — a female
from Trento captured in May 1881 (Lanza, 1959), now held at the Museo Zoologico de
La Specola (Florence). Myotis bechsteinii is one of the rarest bat species in Italy, and
few recent observations exist (Vergari et al., 1998). The case of Myotis brandtii is
controversial. Its Italian range is practically unknown, and the close resemblance to 1ts
sibling species M. mystacinus may have hindered researchers in shedding light on the
species* actual occurrence and range. M. brandtii certainly occurs in Tuscany (one
specimen from the Monte Amiata; Lanza, 1959), and according to Vermer (1997) also
in north-east Italy (but these records are considered uncertain by Lanza and Agnelli
(1999)). The bats teported for the Abruzzo National Park by Zava and Violam (1995) as
M. brandtii were in fact Myotis daubentonii (this erroneous record was also included for
the European distribution in Mitchell-Jones et al. (1999)). More recently, however,
Issartel (1998) captured M. brandtii at the Abruzzo National Park: three females, which
were identified on the basis of dental features (Baagoe, 1973), and a male whose penis
morphology made possible a confident identification (Issartel, in litteris).

A final point on Italian Myotis bats concerns mouse-eared bats from Sardimia. Strelkov
(1972) described them as belonging to the subspecies M. blythii omari (the peninsular
subspecies is M. b. oxygnathus), and Felten et al. (1977) attnbuted them to the north-
African subspecies M. b. punicus. Ruedi et al. (1990) and Arlettaz (1995) showed that
Sardinian mouse-eared bats from the island all belong to a single species - M. myotis —
and that the sibling M. blythii does not occur on the island. New molecular evidence

(Castella et al., 2000), however, suggests that Sardinian mouse-eared bats belong to a
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third new cryptic taxon separated from M. myotis and M. blythii, also occurring in
Corsica and north-Africa and provisionally named Myotis cf punicus Felten, 1977.
Plecotus austriacus 1s found in most Italian regions (Swift, 1998). Altough P. auritus
(Plate 1.8) 1s often reported fo occur only in the north of the country (Crucitti, 1990; see
also distribution in Swift, 1998), in fact some records from areas further south also exist
(Abruzzo: Zava and Violani, 1995; Campania: Sbordoni, 1963; Puglia: Marsico, 1998-
99). A recent analysis of roost distribution from 1990 (GIRC, in press) showed that
Plecotus auritus roosts are confined prevalently to north-western Italy, whereas those of
Plecotus austriacus are found from the northern Apennine ridge southwards; roosts are
occasionally shared by both species. The three Nyctalus species from continental
Europe (N. noctula, N. leisleri, N. lasiopterus) all occur in Italy. Little information is
available on their distribution, because their tree-dwelling habits make them difficult to
observe. Italy 1s home to one of the most southerly European breeding populations of
Nyctalus noctula, which during summer roosts in various Platanus europaeus tree
cavities-bordering avenues in Cervia, Emilia-Romagna (D. Scaravelli, pers. comm.).
Records of Nyctalus leisleri (Plate 1.8) are scattered throughout the country (Lanza,
1959; Dondini and Vergan, 1995; Mucedda, 1997). Nyctalus lasiopterus is very rare in
Italy (Mergar et al., 1997), and the latest record concemns specimens found in bat-boxes
in Tuscany (Dondint and Vergan, 2000). The analysis of droppings from these bats
showed that Nyctalus lasiopterus sometimes preys on birds as well as insects, a unique
case among European bats (Dondini and Vergari, 2000).

The barbastelle (Barbastella barbastellus) is regarded as very rare in Italy (Bulgarini et
al., 1998). Until 2000, only six roosts (none of which was a nursery) were known from
north-cast Italy (GIRC, in press). In 1998, Issartel (1998) captured a few lactating
females of barbastelle in the Abruzzo National Park territory. Russo (2000) confirmed
the occurrence of breeding barbastelles (lactating females were captured at the end of
July 2000) in the Park and in August 2000 Russo and Jones identified a tree roost by
radiotracking a post-lactating female (Plate 1.9). The site from the Abruzzo Park is the
only barbastelle breeding site known for Italy. The matermity roosts are probably located
within the same capture area, and if this 1s confirmed they are located at the highest
elevation so far recorded in Europe (over 1200 m a. s. 1.; previous record from the
Czech Republic was 1100 m a. s. 1., Schober and Grimmberger, 1997).

The Schreiber’s bat (Miniopterus schreibersii; Plate 1.10) is, morphologically, a

peculiar vespertilionid, and some authors classify it in a separate family, Miniopteridae
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(e.g. Lanza and Agnelli, 1999). Highly gregarious, in Italy colonies may consist of
several thousand bats (Lanza, 1959). A rather strictly cave-dwelling bat, one of the main
threats to its status comes from caving, and protection of caves is therefore fundamental

for preservation of colonies (Bulgarini ef al., 1998).

1.2.4. — Molossidae

The only molossid bat occurring in Europe (Schober and Gnmmberger, 1997),
Tadarida teniotis (Plate 1.10) has long been regarded as a rare species n Italy. Lanza
(1959) defined it as ‘infrequent in the country, although not as rare as commonly
believed’. In fact, the species seems rather common in Italy, and may be encountered
even in large cities (e.g. Russo and Mastrobuoni, 1998). No information on population
size, however, is available to date, and roosts are practically unknown. The tendency to
fly high up and its roosting habits (it often roosts in crevices in inaccessible chiffs;
Arlettaz, 1990) may have contributed to the underestimation of its occurrence. For
example, in the Campania region (south-west Italy), the main study area for my thesis,
the species was recorded (Russo and Forgione, 2000) over a century after the previous
observation (Costa, 1843; Monticelli, 1886). Indeed, the characteristic, audible

echolocation calls from 7. teniotis may commonly be heard over much of the Italian

terntory.

1.2.5. — Why so many species?

The occurrence of such a high bat biodiversity may be explained by ecological and
biogeographical considerations. The Italian territory covers a wide latitudinal range and
shows a heterogeneous mosaic of habitats, offering a vast range of ecological conditions
(from the arid, sun-burnt plains of Puglia to rocky environments at high altitudes in the
steep, snowy Alps; from the sclerophyllous Quercus ilex woodlands to beech (Fagus
sylvatica) woodlands. As is typical of the Mediterranean region, in Italy many habitats
have been determined by the profound, centuries-old influence of humans on the
territory (Blondel and Aronson, 1999): habitats such as terraced olive (Olea europaea)
groves, chestnut (Castanea sativa), woodlands, and Apennine secondary grasslands, just
to mention some, were all created by humans but nowadays they are an important part
of the semi-natural landscape of Italy. The variety of habitats offers conditions for
species with very different ecological demands. Italy’s central position 1n the

Mediterranean has made colonisation possible by many vertebrate species migrating
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from the surrounding regions. Such simple considerations help explain the high species

richness of the Italian fauna, and in our case, of bats.

1.3. — Bat research in Italy

The most famous Italian bat scientist of all time was certainly Lazzaro Spallanzani
(1729-1799), one of the founders of expenmental biology. His famous experniments on
bats first suggested a relationship between the way bats orientate during flight and their
audition. His observations led to the monograph (Spallanzani, 1794) ‘Lettere sopra il
sospetto di un nuovo senso nei pipistrelli’ (i.e. ‘Letters about the possibility of an
unknown sensorial capacity in bats’). Following this, many Italian scientists took an
interest in the natural history of bats (see Crucitti, 1990 for a review). In 1837, Prince
Carlo Luciano Bonaparte described a new European bat species, the now endangered
long-fingered bat Myotis capaccinii.

Among the classical studies on Italian bats from the nineteenth century, it 1s worth
citing the fundamental review of bat distribution by Gulino and Dal Piaz (1939) and the
thorough description of bat morphology, biology and distribution by Lanza (1959). The
latter first showed that Plecotus auritus and Plecotus wardii ( = austriacus) occurred
sympatrically in Italy, and were separate species (Swift, 1998).

Afier Lanza, and until a few years ago, few bat researchers were active in the country.
In the sixties, one of them, G. Dinale conducted the only long-term ringing project so
far carried out in the country (e.g. Dinale, 1960; Dinale and Ghidini, 1966). Indeed,
most academic researchers neglected bat ecology, conservation biology and distribution,
regarded as pursuits for amateurs. Professional research interests mainly focused on bat
anatomy, cytology and histology (Crucitti, 1989), fields traditionally considered more
rewarding in the interests of a career in Italian universities. As a result, by the eighties,
in spite of the ever growing general concern about bat conservation i Europe,
practically no information on bat ecology relevant to the protection and management of
these mammals in Italy was available (Stebbings, 1988). In the nineties, a new 1interest
in bat studies developed in Italy, especially concerning distributional studies (e.g. Zava
and Violani, 1992; Vernier, 1997). The EC ‘Habitats Directive’ further encouraged bat
research in the country. A considerable problem, however, was still the aimost complete
lack of communication among researchers. In March 1998, the first Italian Bat

Conference was held in Castell’ Azzara, Tuscany (Dondini ef al., 1999).
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On the occasion of the second Italian Congress of Theriology, held in 1998, bat
researchers met to found the Italian Chiroptera Research Group (Gruppo Italiano
Ricerca Chirotteri, GIRC). The main aims of GIRC are to promote research and
conservation of bats in [taly and to improve cooperation among zoologists involved in
bat studies. I was among the GIRC founders, and currently am the national vice-
coordinator of this association.

In order to get a preliminary picture of bat distribution and conservation status in Italy,
one of the projects launched by GIRC members was to set up a database of all
information collected on bat roosts from 1990 to 1999. The first results of this work
were presented at the VIII European Bat Research Symposium (Russo and Scaravelli,
1999), and led to a paper in the Symposium Proceedings (GIRC, in press). The roost
database will be constantly updated in order to extend the knowledge available,
particularly for the areas of the country so far insufficiently covered. The GIRC also

runs a web site where group news and activities are publicised.

1.4. — Legal protection and conservation needs of Italian bats

1.4.1. — Bats and the Italian law

The first Italian law to declare bats as protected mammals dates back to 1939 (T.U.
1939, art. 38). At that time, bats were already regarded as predators of pest insects and
therefore considered important for agriculture. The law, still in force, protects the
animals but not their roosts or foraging sites. All too few people know that bats are
protected (even police and Forestry Corps officers are often unaware of the fact), and it
is far from rare for bats roosting in houses to be exterminated. Given to a generally
excessive tolerance for crimes towards wildlife, and negligence in the application of
laws, offenders are seldom prosecuted. The recent European ‘Habitats Directive’ and
the subsequent Italian law that has made the EC directive legally applicable to the
[talian territory (D.P.R. 357, 8" Sept., 1997) has slightly improved the legal background
to conservation. First, the fact that the occurrence of just one bat species of particular
conservation value (as stated in the EC directive) allows a site to be legally protected
has increased the conservation significance of bats 1n the country and attracted funds for
bat conservation projects.

Second, this law forbids disturbance to wintering bats and alteration or destruction of
breeding sites. This seems a considerable step forward, and in theory should help

conservattonists to carry out effective protection actions. In practice, there is much
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confusion about what should be considered a breeding ‘site’. Local government
institutions (the so-called ‘Regioni’ and ‘Province’) have in some cases claimed that a
‘site’ is an area rather than, for example, a building where bats roost: as a result, the

interpretation of the law does not ensure legal protections of roosts (especially in the

case of buildings). Italian bureaucrats and true wildlife conservationists are seldom good
friends.

Finally, and surprisingly, no penalty for offenders of the abave cited 1997 law in fact
exists. As a result, when a bat hibermaculum is disturbed or a breeding site destroyed,
the law is violated, but there may be no penal consequences! To date, Italian laws do not
mention protection of bat foraging habitats. In 2001, the administrative procedure
through which Italy will become part of the European Bat Agreement 1s in progress.

The improvement of the framework for bat conservation is urgently needed.

1.4.2. — People’s attitude towards bats

Bats are not popular animals in Italy, and this hostility goes back a long way. The
Romans regarded bats as evil creatures, and nailed them to their house doors to keep
demons away. In the Middle Ages and later, the Christian culture and art did not help
much: angels were always portrayed with bird wings, demons with bat wings.

Many popular beliefs feature bats as evil and disgusting creatures. In southern Italy, for
example, country folk still believe that bats are reincarnations of witches, ready to eat
people’s eyes, get tangled in their hair, and even believe that bat urine causes your hair
to fall out. I shall not go into people’s reactions on meeting someone who studies bats!
The legend that bats fasten onto people’s hair is surprisingly common even 1n cities and
among well-educated people. Although one might be tempted to dismiss these stories as
folklore, they still do serious harm to the cause of bats, and there is an urgent need for

education of the public.

1.4.3. — Conservation needs of Italian bats

The public attitude is not the most important threat to Italian bats. Bats are put at risk by
several factors (e.g. Bulganni et al., 1998), all common to other areas of Europe (e.g.
Stebbings, 1988; Mitchell-Jones et al., 1999; Hutson et al., 2001). These factors may be
summarised as follows:

1) disturbance, destruction or alteration of roosts
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2) Incorrect forest management practices, often involving the logging of large,
continuous woodland parcels and the removal of old or dead trees with
subsequent loss of tree-roosts for tree-dwelling species;

3) Alteration and destruction of foraging biotopes;

4) Widespread use of pesticides in agriculture;

5) Treatment of wooden components of buildings used as roosts with toxic
substances:

6) Urbanisation;

7) Pollution

The Italian territory is karstic, characterised by thousands of natural caves, several of
which are large and spectacular. There are also large artificial underground sites,
frequently of archaeological interest. Caving is becoming increasingly popular in Italy.
While some cavers are interested in the study and protection of cave organmisms, many
are not, and explorations of caves where large hibernating or breeding bat colonies
occur are now common. In some cases, explosives are used (illegally) to remove
obstructions and open new underground routes. People are often unaware that bat
colonies need to be left undisturbed. The R. euryale roost where the radiotracking work
described in this thesis was conducted was advertised in the most popular Italian
wildlife magazine, Airone, 1n an article (Bamabet, 1998) entitled ‘Caves to explore.
Walking in the heart of the ancient aqueduct’. In some cases even researchers may
constitute a source of disturbance. Bats are sometimes ringed without a well-defined
scientific aim. Some old-fashioned researchers still think that the only bat suitable for
study 1s a dead one. Soon after discovering P. pygmaeus in Italy (chapter three), I was
approached by a famous, elder researcher who asked me whether [ had ‘kept, legally or
not, any pygmaeus specimen for my personal collection’. As a matter of fact, I have no
personal collection. It must be said, however, that bat protection is gaining ground in the
academic world, and most bat projects currently in progress in Italy are in the interests
of conservation.

Information on the status and ecology of bats from Italy 1s scarce (Bulgarini et al.,
1998), and studies as the basis for designing chiropteran conservation plans for Italy
(Stebbings, 1988), and more generally the Mediterranean region (Hutson et al., 2001)

are urgently needed.
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Conservation plans should include education programmes as well as scientific research.
Moreover, politicians must be more active in transforming the potential guidelines for

bat protection identified by conservationists 1nto concrete actions.

1.5. — Thesis overview and conventions used

My main aim in this thesis was to study habitat requirements of Italian bats, an aspect of
bat ecology about which little or nothing was known when my investigation started. I
based my work in southern Italy, an area in which bat fauna was poorly studied.
Specifically, I aimed to obtain information which could be applied to bat conservation
in the country. In chapters two, three, four, five, six and seven I present and discuss the
original research data obtained in this study. Each of these chapters has been organised
as a separate paper and may be read independently from the others.

When I began my work, echolocation calls by Italian bats had never been studied
systematically and most acoustic identification studies were attempted using heterodyne
detectors. No description of social calls from Italian bats and their potential application
to bat identification was available. I began practising with sound analysis and 1its
applications to identification by studying social calls in the commonest Italian bat, the
Kuhl!’s pipistrelle (Pipistrellus kuhlii). 1 explored the possibility of using such signals to
tell P. kuhlii apart from other sympatric pipistrelle species. This appeared especially
useful when identification based on echolocation calls was uncertain. This study 1s dealt
with in chapter two.

My PhD project started soon after DNA analysis had unequivocally demonstrated that
the bat formerly known as Pipistrellus pipistrellus corresponded to two cryptic species
(Barratt et al., 1997), difficult to identify according to morphology but relatively easy to
tell apart from their echolocation calls (Jones and Parijs, 1993). Hence, I explored the
hypothesis that echolocation call frequencies by Italian ‘common pipistrelles’ followed
a bimodal distribution: if they did, then the two species were sympatric in Italy too.
Because pipistrelle social calls are diagnostic (Barlow and Jones, 1997a; 1997 b) I also
examined recordings of social calls from Italian pipistrelles to further support evidence
from echolocation call analysis. The results are described 1n chapter three.

In the course of the project, my interest in echolocation call design and adaptive
meaning grew further, and led me to start a side-project on the influence of sex, age and
body size on echolocation calls of two poorly studied rhinolophids, the Mediterranean

and the Mehely’s horseshoe bats (Rhinolophus euryale and R. mehelyi). To record R.
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mehelyi, 1 worked in Sardinia where the only large population of this species occurs.
The results are described 1n chapter four.

Acoustic surveys represent a very effective approach to identifying key foraging
habitats. Acoustic identification in a speciose community such as that occurring in my
study area 1s particularly challenging because many bat species emit similar
echolocation calls and species recognition should therefore be conducted with special
care and effective methods. To conduct my habitat use investigation, I needed to devise
a method for acoustic identification. Hence, I applied discriminant function analysis
(Vaughan et al., 1997b) to large samples of echolocation calls from individuals of
known identity of most Italian bat species to obtain an objective, quantitative
identification. This method also offers the advantage of measuring how good the
identification of each species is (this is expressed as % identification rate; Vaughan ef
al., 1997b). Chapter five deals with this aspect of my study.

The acoustic 1dentification methods devised allowed me to investigate the importance of
foraging habitats for bats of southern Italy. Ten habitat types, among the most
representative of southern Italy, were surveyed. Results are dealt with in chapter six.
Because rhinolophids call at high frequencies, their calls are largely influenced by
atmospheric attenuation (e. g. Gnflin, 1971; Lawrence and Simmons, 1982); therefore,
as anticipated 1n section 1.1.2.5., acoustic surveys are unlikely to reveal their presence.
Radiotracking appeared to be a more promising method for a habitat use study.

Among the three rhinolophids occurring in my study area, I decided to concentrate my
attention on R euryale, which appears the least common. My choice was also
stimulated by the absence of previous studies on habitat selection by this bat in other
areas. The best alternative to acoustic survey in studying this species habitat preferences
was radiotracking, which I conducted on a R. euryale colony located in northern
Campania. The results obtained are discussed in chapter seven.

In chapter eight, the results obtained are discussed further in order to stress several key
points which should be considered in conservation plans for Italian bats.

In this thesis, the nomenclature of bats previously known as Pipistrellus pipistrellus
follows Jones and Barratt (1999). Hereafter, pipistrelles of the 45 kHz phonic type
(Jones and Pariys, 1993) are referred to as P. pipistrellus, and those of the 55 kHz
phonic type are termed P. pygmaeus. The nomenclature adopted for all other bat species
follows Schober and Grimmberger (1997).
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All measurements are given following the metric system. In all statistical tests,
significance was set at p < 0.0S.

To allow the non-Italian reader to locate the Italian places mentioned in this thesis, a
political map of Italy is shown in Platel.11.

One final point should be dealt with. Because my research was conducted on the Italian
territory, hereafter I will refer to ‘Ifalian bats’, ‘Italian bat fauna’, etc. Political and
ecological geography, however, often diverge, Indeed, the latitudinal range covered by
the Italian peninsula determines marked differences between the south and most
northern regions. Undoubtedly, the southem area where habitat use was investigated
(mainly Campania and a few sites in southern Lazio) is, in terms of ecology and
landscape structure, ‘“Mediterranean’ before being ‘Italian’, closer to the Peloponnesian,

in Greece, than to Italian regions such as Lombardy and Piedmont.
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Tab. 1.1. Bat spectes occurring in Italy, their status in the country (after Bulganni ef al., 1998) and in a
global context (after the 2000 IUCN Red List of Threatened Species). Taxonomy and vernacular
nomenclature (except Pipistrellus pygmaeus) after Mitchell-Jones et al. (1999). Categories: CR =
Critically endangered, EN = Endangered, VU = Vulnerable, LR = Low risk, DD = Data deficient.
Subcategones: A2¢ (under VU) = identifies threshold levels of population reduction (at least 20%)
predicted in the future, based on decline in area of occupancy, or extent of occurrence and/or quality of
habitat; nt (under LR) = Near Threatened, i.e, taxa which do not qualify for Conservation Dependent, but
which are close to qualifying for Vulnerable; Ic (under LR) = least concern, i.e. taxa which do not qualify
for Conservation Dependent or Near Threatened. Status of ‘Pipistrellus pipistrellus’ was defined before

presence of Pipistrellus pygmaeus in Italy was recorded.

Species Italian vernacular name

Rhinolophus blasii Peters, 1866

Rhinolophus euryale Blasius, 1853
Rhinolophus ferrumequinum (Schreber, 1774)
Rhinolophus hipposideros (Bechstein, 1800)

Ferro di cavallo di Blasius
Ferro di cavallo eunale
Ferro di cavallo maggiore
Ferro di cavallo minore

Rhinolophus mehelyi Matschie, 1901 Ferro di cavallo di Mehely
Barbastella barbastellus (Schreber, 1774) Barbastello

Eptesicus nilssonii (Keyserhin and Blasius, 1839) Serotino di Nilsson
Eptesicus serotinus (Schreber, 1774) Serotino comune
Hypsugo savii (Bonaparte, 1837) Pipistrello di Savi
Myotis bechsteinii (Kuhl, 1817) Vespertilio di Bechstein
Myotis blythii (Tomes, 1857) Vespertilio minore
Myotis brandtii (Eversmann, 1845) Vespertilio di Brandt
Myotis capaccinii (Bonaparte, 1837) Vespertilio di Capaccini
Myotis dasycneme (Boie, 1825) Vespertilio dasicneme
Myotis daubentonii (Kuhl, 1817) Vespertilio di Daubenton
Myotis emarginatus (E. Geoffroy, 1806) Vespertilio smarginato
Myotis myotis (Borkhausen, 1797) Vespertilio maggiore
Myotis mystacinus (Kuhl, 1817) Vespertilio mustacchino
Myotis nattereri (Kuhl, 1817) Vespertilio di Natterer
Nyctalus lasiopterus (Schreber, 1780) Nottola gigante

Nyctalus leisleri (Kuhl, 1817) Nottola di Leisler
Nyctalus noctula (Schreber, 1774) Nottola comune
Pipistrellus kuhlii (Kuhl, 1817) Pipistrello albolimbato

Pipistrellus nathusii (Keyserling and Blasius, 1839) Pipistrello di Nathusius
Pipistrellus pipistrellus (Schreber, 1774) Pipistrelio nano
Pipistrellus pygmaeus (Leach, 1825) Pipistrello pigmeo
Plecotus auritus (Linnaeus, 1758) Orecchione comune
Plecotus austriacus (J. B. Fischer, 1829) Orecchione meridionale
Vesp