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A R T I C L E I N F O

Article history:

Received 5 March 2005

Received in revised form 23

September 2005

Accepted 26 September 2005

Available online 4 November 2005

Keywords:

Bat-boxes

Bat preferences

Occupancy rate

Pipistrellus pygmaeus

Wetlands
0006-3207/$ - see front matter � 2005 Elsevi
doi:10.1016/j.biocon.2005.09.030

* Corresponding author: Tel.: +34 650762426;
E-mail addresses: carlesflaquer@yahoo.co
A B S T R A C T

Wetlands with rice paddies are key habitats in the conservation of biodiversity in the Med-

iterranean Region and are potentially suitable habitats for foraging bats, since they provide

food (insects) and drinking places; nevertheless, many wetlands lack natural roosting sites.

A bat-box program designed to ascertain bat-box preferences was initiated in 1999 in the

Ebro Delta (NE Spain), one of the most important wetlands in Europe. A total of 69 bat-

boxes of two types (single and double compartment) were placed on three supports (trees,

houses, and posts) facing east or west. Pipistrellus pygmaeus occupancy rates and the num-

ber of individuals per box were monitored on 16 occasions from July 2000 to February 2004.

Bat-box preferences were only detected during the breeding season. Bat abundance was

higher in east-facing boxes, in double-compartment boxes, and in boxes placed on posts

and houses. Boxes on natural supports (trees) were avoided. Bat-box occupancy rates were

higher during the breeding season (95.6%, spring–summer) due to the formation of mater-

nity colonies. The number of individuals in bat-boxes during the breeding season increased

as the study period progressed (from summer 2000 to summer 2003), suggesting a high

degree of acceptance by maternity colonies of these alternative locations. Occupancy rates

observed were the highest ever reported in bat-box scientific literature. This study high-

lights the role of bat-box programs as useful alternative management tools for the conser-

vation of bat populations in highly productive wetland habitats where few natural roost

sites are available.

� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Wetlands are valuable natural habitats that possess several

hydrological, chemical, and biological functions and also pro-

vide a number of socio-economic benefits (Williams, 1990).

From a biological perspective, wetlands are highly productive

ecosystems that harbor a wide variety of plant and animal

species and are also key habitats in the conservation of many

endangered water birds (Williams, 1990). As artificial wet-

lands, rice paddies also play an important role in the conser-

vation of biodiversity in Mediterranean wetland areas such as

the Ebro Delta, since they are suitable feeding and breeding
er Ltd. All rights reserved
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habitats for many vertebrate and invertebrate species (Ibáñez

et al., 1998).

Insects are basic prey for European bat species and wet-

land habitats are especially suitable for foraging bats (rivers,

lakes, etc., Vaughan et al., 1996, 1997; Russo and Jones, 2003;

Wickramasinghe et al., 2003), possibly because of the higher

insect densities found there (Vaughan et al., 1997). In the

Mediterranean Basin, aquatic habitats have also been high-

lighted as places where bats can drink (Russo and Jones,

2003) to avoid dehydration during the summer (Racey, 1998).

The protection and correct management of aquatic habitats

(rivers, lakes, and other types of wetlands) are undoubtedly
.
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key elements in any bat conservation strategy in the Mediter-

ranean Region (Russo and Jones, 2003).

Roosting conditions and habits play a major role in the

ecology and evolution of bats (Kunz, 1982). According to Kunz

and Lumsden (2003), bat roosting behavior is influenced by the

diversity and abundance of roost sites, the distribution and

abundance of food, and bats’ energy economy (dependent on

body size and their physical environment). Roost selection is

important for bat populations and the choices made are likely

to have a number of demographic consequences (Vonhof and

Barclay, 1996). Many bat species are well adapted to roosting in

man-made structures such as buildings (Entwistle, 1994; Wil-

liams and Brittingham, 1997; Jenkins et al., 1998; Lourenço and

Palmeirim, 2004). However, homeowners may be concerned

about the presence of bat colonies in buildings and the health

risks they pose (Lourenço and Palmeirim, 2004). In flat and

deforested wetlands such as the Ebro Delta, the availability

of natural roost sites is very low and bats are likely to use

man-made structures. The removal of roosts from buildings

may be responsible for declines in some bat populations (Brit-

tingham and Williams, 2000) and bat-box programs in wet-

lands may provide alternative roost sites for maternity

colonies, as has been suggested for other habitats (Britting-

ham and Williams, 2000; Lourenço and Palmeirim, 2004).

According to Mitchell-Jones (1999), the occupancy rates of

boxes depend on many factors (type of box, geographical

location, etc.); many boxes are used for short periods of time

and, occasionally, boxes are used as maternity sites. In sev-

eral cases bat-boxes have different success rates (Tuttle and

Hensley, 1993; Neilson and Fenton, 1994) and causes of fail-

ures are often not properly understood (Lourenço and Palmei-

rim, 2004). The relative success of such experiments is as yet

poorly documented (Stebbings and Walsh, 1991) and no bat-

box project has yet been carried out in wetland areas.

During the last decade, studies of the distribution, biology,

and habitat-use of P. pygmaeus have indicated that this species

selects habitats associated with water for foraging (Barlow,

1997; Vaughan et al., 1997; Oakeley and Jones, 1998; Russ and

Montgomery, 2002; Russo and Jones, 2003), although no one

has yet considered the importance of wetlands in general as

foraging habitat or as a suitable habitat for the establishment

of maternity colonies. P. pygmaeus roosts in trees in Southern

Europe and is a common house-dwelling species (Lourenço

and Palmeirim, 2004) that often occupies bat-boxes.

This paper presents the results of a bat-box program

started in 1999 in an area of wetland rice paddies in the Med-

iterranean. Bat-box selection by P. pygmaeus was studied for

four consecutive years and results suggest that bat-box pro-

grams are useful alternative management tools for the con-

servation of bat populations in highly productive wetland

habitats where there is a lack of natural roost sites.

2. Material and methods

2.1. Study area and climate

The study was carried out on L’Illa de Buda, an island located

in the heart of the Ebro Delta Natural Park (0�50’E, 40�42 0N;

Catalonia, NE Spain), one of the most important wetlands in

Europe (320 km2). This island covers 12.1 km2 and contains
3.6 km2 of rice paddies and 8.5 km2 of natural habitats (salt-

marshes, reedbeds, lagoons, etc.). Scattered trees ( Eucalyptus

globulus and Washingtonia filifera) and a few buildings are also

present. Mean annual temperatures range between 17 and

18 �C, mean annual precipitation between 500 and 550 mm,

and mean annual evapotranspiration between 855 and

997 mm (mesothermic), in what is essentially a semi-arid cli-

mate. The mean annual temperature between 2000 and 2002

was 18.5 �C ± 0.26 (S.E.), and the lowest absolute temperature

recorded during this period was 0.2 �C. Mean humidity was

high (75.3% ± 2.08) throughout the 3-year period. During the

breeding season (April–September) the mean temperature

was 22.45 �C ± 0.81 and during the non-breeding season

(October–March) 14.8 �C ± 0.79. Throughout the study period

winds predominantly blew from the west (NW, W, and SW,

41%) and, to a lesser extent, from the east (NE, E, and SE,

24%), with a significant difference between both directions

(F = 4.86, d.f. = 1, 16, P = 0.04).

2.2. Study design

During 1999, staff from the Ebro Delta Natural Park placed 69

bat-boxes on trees (10), buildings (29), and electricity posts

(30). Boxes on trees were located well below the canopy to

avoid branches interfering with bat flight behavior. Boxes

were fixed to trees with iron nails (Stebbings and Walsh,

1991) and with screws to houses and posts. Bat-boxes were

made from laminated wood (preserved with natural oil) and

had 20 mm-thick walls, a slit size of 15 mm, a roughened sur-

rounding landing area of 100 mm, and effective internal mea-

surements of 100 mm (depth), 190 mm (width) and 200 mm

(height). All bat-boxes were side opening. Two bat-box models

were used: 44 (63.76%) of model A (one compartment) and 25

(36.23%) of model B (with two communicated compartments

divided by a piece of laminated wood (155 mm · 195 mm)

with two landing areas, one for each compartment).

Bat-boxes were checked on 16 occasions during the period

July 2000–February 2004. Bats were counted while at rest in

the bat-boxes; if there were too many to be counted, they

were then counted as they left the boxes (with those remain-

ing in boxes also taken into account). In order to keep distur-

bance to the bats to a minimum (Menkhorst, 1984), bats were

handled as little as possible. When captured, species and

sexes were identified and the following measurements were

taken: body mass, length of forearm, and length of fifth finger.

Breeding status was also assessed (De Paz and Benzal, 1990;

Schober and Grimmberger, 1996). Measurements were made

with a precision caliper and a digital scale (accuracy of

0.1 gr.). All animals were released immediately after data

collection.

The specific determination of pipistrelle bats was carried

out by sound analysis (Sendor et al., 2002). A D240· bat detec-

tor (Pettersson Elektronics) with heterodyne and time expan-

sion (10·) systems was used, along with a DAT recorder (SONY

TCD-D8) and a laptop computer with a professional sound

card (Digigram Vx pocket v2 professional sound card) to re-

cord echo-location and social calls (Ahlén, 1990; Barataud,

1996; Russo and Jones, 1999, 2000). Sounds were analyzed

with Bat Sound (Pettersson Elektronics AB, Upsala). A sample

frequency of 44,100 samples/sec, 16 bits/sample, and auto-
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matic FFT with a Hanning window were used. Russo and

Jones’ , 2003 criteria were adopted to identify species’ calls;

from every monitored box the social calls emitted by bats as

they left their bat-boxes were also recorded and analyzed.

2.3. Statistical analysis

When the variables involved in bat-box choice by P. pygmaeus

were searched for, two dependent variables were considered:

box-occupancy rate and the number of individuals per box.

Both variables were entered in a four-way repeated measures

ANCOVA (ANCOVAR) with box type, support, and exposure as

categorical factors, season (breeding: spring–summer; non-

breeding: fall–winter) as a within-subjects repeated measures

factor, and height as a covariate. Since only model-A boxes

were deployed on all three types of supports, these boxes

were used to test the effects of support (trees, houses, and

posts), exposure, season, and height. In order to test for the

effect of box-type, only two supports (houses and posts),

exposure, season, and height were taken into account. Since

ANCOVA assumes linear relationships between dependent

variables and covariates (Stevens, 1986), dependent variables

and covariates were transformed to achieve linearity and also

to reach homoscedasticity and normality (Zar, 1996). Log-like-

lihood ratio tests (Zar, 1996) were used to verify whether

boxes were evenly distributed between the three types of sup-

port and exposures and also to search for differences in occu-

pancy rates between sampling periods.

Spatial patterns of individuals in bat-boxes were also stud-

ied to test whether bat populations showed aggregation or

clumped patterns. The index of dispersion (ID = variance/

mean) was calculated for every sampling period (Ludwig

and Reynolds, 1988; Montgomery, 1989). Assuming a random

(=Poisson) distribution of individuals among bat-boxes, the

ratio variance/mean was expected to be 1. A v2 statistic

(ID · N � 1) was computed to test whether the observed data

fitted a Poisson distribution. However, since the ID is affected
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Fig. 1 – Mean occupation rate of bat-boxes (number of boxes occu

by P. pygmaeus during the study period.
by sample size, the Green Index (GI) was also calculated as a

more recommendable index of clumping, since it is unaf-

fected by the number of individuals and their mean samples

or by the number of sample units in every sample (Ludwig

and Reynolds, 1988).

Box-occupancy rates were expressed as a percentage of

the number of boxes occupied by bats divided by the number

of boxes checked (Smith and Agnew, 2002).

All statistics were expressed as mean ± standard error (SE).

3. Results

3.1. Spatial and temporal variation in occupancy rate

The mean occupation rate of bat-boxes by P. pygmaeus was

70.81% ± 2.79. This value varied greatly given that occupa-

tion rates of individual boxes ranged from 0% to 100%. Dur-

ing the four breeding seasons, 95.6% of boxes were

occupied during at least one season, while during the four

non-breeding seasons, 88.4% were occupied during at least

one season.

The mean occupation rate also showed marked seasonal-

ity, fluctuating between 39.7% in February 2002 and 2004 and

93.1% in November 2003 (Fig. 1). The occupation rate varied

between sampling periods (occupation rate · sampling period:

G = 129.61, d.f. = 15, P < 0.0001). However, no pattern suggest-

ing increasing occupation rates was found in summer occu-

pation rates when the 4 years of sampling were compared

(occupation rate · year: G = 4.92, d.f. = 3, P = 0.17).

Occupation rates of bat-boxes by females with pups in-

creased from 15.4% in 2000 to a maximum of 52.8% in 2003.

The mean occupancy rates per box and per sampling per-

iod were not correlated to the mean number of individuals

found in boxes (rs = 0.49, n = 16, P > 0.05). This pattern indi-

cated that high occupancy rates were not related to the high

number of individuals in the population at any given moment

in time.
g Nov Mar Apr Jun Jul Aug Nov Feb

2003 2004

pied/number of boxes checked during each sampling period)



Table 1 – Results of the ANCOVA performed with the
number of P. pygmaeus and the occupancy rate of
bat-boxes as dependent variables, exposure (east-facing
and west-facing), box (A and B), and support (house and
post) as fixed factors, season (breeding and non-breeding)
as a repeated measures factor, and height as a covariate

Effect d.f. Number of
bats

Occupancy
rate

F P F P

Height (covariate) 1 0.56 0.45 0.73 0.40

Exposure 1 4.91 0.031 1.90 0.17

Box 1 1.88 0.17 0.90 0.35

Support 1 2.22 0.14 1.15 0.29

Season (repeated measures) 1 10.38 0.002 2.58 0.11

Exposure · support 1 2.09 0.15 4.92 0.03

Season · exposure 1 8.05 0.006 0.06 0.81

Season · box 1 4.69 0.035 0.18 0.68

Season · support 1 4.27 0.043 0.38 0.54

Error 49

Tree support was omitted since no model-B boxes were deployed

on trees. All main effects are shown, although only significant

interactions are included in the table.

Table 2 – Results of the ANCOVA performed with the number
with exposure (east-facing and west-facing) and support (tree
non-breeding) as a repeated measures factor, and height as a

Effect d.f. N

F

Height (covariate) 1 0.003

Exposure 1 1.93

Support 2 6.99

Season (repeated measures) 1 5.97

Season · support 2 11.85

Error 36

All main effects are shown, although only significant interactions are in
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Fig. 2 – Mean (±SE) P. pygmaeus per box during
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A four-way ANCOVAR showed that the mean occupation

rate was unaffected by box type, exposure, support, season,

or height above ground (Table 1). However, an interaction be-

tween exposure and support indicated that easterly expo-

sures were favored in box occupancy on houses, but not

on posts. A three-way ANCOVAR taking into account only

model-A boxes did not show any significant differences

between the three supports, exposure, seasons, or height

above ground (Table 2).
3.2. Spatial and temporal variation in P. pygmaeus
abundance

The maximum number of individuals counted in all the bat-

boxes together at any one time were 2939 in July 2003. The

mean number of P. pygmaeus per box was 11.35 ± 1.40, with

a mean range of 0–52.6 individuals. P. pygmaeus numbers

showed marked seasonal and annual fluctuations, with fall–

winter lows and summer highs, and a significant increase

from the first to the fourth summer (ANOVAR with the mean

abundance in summer 2000–2004: F = 30.36, d.f. = 3, 183,

P < 0.0001; Fig. 2).
of P. pygmaeus and the occupancy rate in model-A boxes,
, house, and post) as fixed factors, season (breeding and
covariate

umber of bats Occupancy rate

P F P

0.95 2.27 0.14

0.17 2.60 0.12

0.002 0.86 0.43

0.019 2.63 0.11

0.0001 1.23 0.30

cluded in the table.

Nov Mar Apr Jun Jul Aug Nov Feb

2003 2004

the study period (July 2000–February 2004).
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The numbers of females with pups per box increased as

the study progressed: 19.80 ± 6.07 in year 2000, 54.71 ± 5.25

in 2001, 66.13 ± 9.53 in 2002, and 103.8 ± 2.39 in 2003. In July

2000 no breeding colonies were found with more than 80 indi-

viduals while 25 such colonies were found during July 2003.

A four-way ANCOVAR showed that the mean number of

P. pygmaeus per box was affected by season and exposure (Ta-

ble 1, Fig. 3). Mean numbers of P. pygmaeus per box were 20

times higher during the breeding season (16.80 ± 2.09) than

during the non-breeding season (0.85 ± 0.06), and were almost

twice as high in boxes facing east (14.63 ± 2.05) as in boxes

facing west (8.82 ± 1.88). However, the occurrence of interac-
Fig. 3 – Mean number of P. pygmaeus (±SE) per bat-box

according to type of box (A and B), exposure (east-facing and

west-facing), support (tree, wall, and post), and season

(black bars: breeding season; hatched bars: non-breeding

season) during the study period (July 2000–February 2004).
tions between season and other factors also made it clear that

P. pygmaeus numbers varied between breeding and non-

breeding seasons in terms of box type, support, and exposure

(Fig. 3). Interaction between season and exposure indicated

that an eastwards exposure was especially important during

the breeding season (Tukey HSD post-hoc test after four-way

ANCOVAR, P = 0.03), but was not significant during the non-

breeding period (Tukey HSD, P = 0.97, Fig. 3). As well, the inter-

action between season and box type showed that model-B

boxes contained more individuals than model-A boxes during

the breeding season (Tukey HSD, P = 0.0001), but that there

were no differences between boxes during the non-breeding

season (Tukey HSD, P = 0.99, Fig. 3). However, boxes on posts

contained similar number of individuals than boxes on

houses during the breeding (Tukey HSD, P = 0.09) and the

non-breeding season (Tukey HSD, P = 0.91, Fig. 3).

A three-way ANCOVAR considering only A-boxes showed

significant differences in abundance between the three types

of supports (Table 2, Fig. 3) and between seasons. Mean abun-

dance was lowest in boxes on trees (1.51 ± 0.54), intermediate

on houses (7.96 ± 2.08), and highest on posts (12.69 ± 1.99).

Post-hoc tests showed that differences were only found be-

tween trees and posts (P < 0.001). The interaction between

season and box type indicated that abundance varied season-

ally according to box type. Abundance did not vary according

to season in boxes on trees and was higher during the breed-

ing season in boxes on houses and on posts than during the

non-breeding season (Fig. 3).

Except for the data from November 2003, which indicated

a random pattern of distribution among bat-boxes during this

period, P. pygmaeus individuals generally showed significant

patterns of clumping in bat-boxes during the 16 sampling

periods (Table 3). The Green Index (which ranges between

�1 at maximum regularity and 1 at maximum clumping)

showed that aggregation patterns were higher in summer

and lower in fall and winter.

4. Discussion

4.1. The use of bat-boxes by P. pygmaeus in the study area

A high mean occupancy rate of bat-boxes by P. pygmaeus

(70.81% ± 2.79) was found in the study area throughout the

whole the year. P. nathusii was also found in bat-boxes but

in a low frequency and no breeding colonies of this species

were reported from boxes (only mating groups, Flaquer

et al., 2005). A low availability of alternative roosting sites,

an adequate temperature-humidity regime, and suitable

feeding areas nearby probably explain the high occupation

rate by P. pygmaeus. Mild winter temperatures (absolute

minimum of 0.2 �C during the study period) may explain

why some bats hibernate in boxes. Higher occupancy rates

in the breeding season (95.6%) were due to the formation of

maternity colonies. This is the highest ever occupancy rate

reported in bat-box literature. Nevertheless, this high occu-

pancy rate made it impossible to interpret bat-box selection

by P. pygmaeus, since almost all boxes were occupied.

Therefore, box preferences were analyzed in terms of the

number of individuals occupying boxes rather than by rates

of occupancy.



Table 3 – Minimum, maximum, and mean number of individuals, and dispersion statistics (variance/mean ratio: ID, and
Green Index: GI) for the population of P. pygmaeus in the 69 bat-boxes from July 2000 to February 2004

Sampling period Minimum Maximum Mean ID GI v2

July 2000 0 72 3.738 26.75 0.402 1712****

March 2001 0 6 0.797 1.497 0.007 101.8***

July 2001 0 107 18.97 44.15 0.696 2737****

August 2001 0 34 5.212 11.75 0.336 376****

February 2002 0 4 0.75 1.53 0.008 102.3***

April 2002 0 56 15.08 13.33 0.213 772.9****

June 2002 0 103 15.52 34.58 0.542 2144****

August 2002 0 80 25.65 14.13 0.915 1431****

November 2002 1 9 2.6 2.15 0.128 19.38**

March 2003 0 26 8.39 3.63 0.084 342.1****

April 2003 0 70 19.52 19.95 0.632 598.6****

June 2003 0 130 32.43 38.85 0.714 2059****

July 2003 0 150 57.59 44.91 0.989 4278****

August 2003 0 90 28.66 20.49 0.342 1168****

November 2003 0 5 1.75 0.72 �0.01 20.08 n.s.

February 2004 1 13 1.13 3.19 0.038 181.8****

Significant values of v2 indicate that the distribution of individuals between bat-boxes did not fit a Poisson distribution (=random distribution)

(*P < 0.05; **P < 0.025; ***P < 0.01; ****P < 0.0001).
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We found higher bat abundance in summer due to the

presence of breeding colonies. The number of females with

pups established in bat-boxes increased year after year and

tended to the range described for populations roosting in

buildings (80–200, Lourenço and Palmeirim, 2004); this sug-

gests a high degree of acceptance of these alternative roosting

sites. This colonial roosting behavior provides bats with ther-

moregulatory benefits and may indicate that there are few

other roost sites with large enough spaces for nursery clusters

in the study area for P. pygmaeus (Humphrey, 1975; Stebbings

and Walsh, 1991). Moreover, the increases in numbers from

the first to the fourth summer may be explained by the an-

nual return of flying young to the maternity colonies (philop-

atry, Kerth and Morf, 2004) and the aggregation of more young

females to the colony, although data from the recapture of

banded young are still required to confirm this hypothesis.

However, this pattern of population increase during the study

period could also be explained by the displacement of individ-

uals from other breeding sites to the bat-boxes as a result of

the refurbishment of houses and the subsequent loss of

roosting sites.

During the breeding season model-B boxes contained

twice as many individuals as model-A boxes. Apparently, like

other multiple-compartment boxes, model-B boxes are espe-

cially suitable for maternity colonies (Brittingham and Wil-

liams, 2000; Lourenço and Palmeirim, 2004). Double

compartment boxes may help the formation of clusters and

thus help to conserve the body temperature of young and

adult females in late pregnancy (Davis, 1970; Lyman, 1970).

Individuals will also move between the two rooms in order

to find the ideal microclimatic conditions during the day (Brit-

tingham and Williams, 2000). However, differences in num-

bers between the two boxes could simply reflect the higher

surface area of walls available in model-B boxes.

Higher numbers of bats found in east-facing boxes in sum-

mer maybe due to environmental conditions (Mitchell-Jones,

1999). A prevalence of drier winds from the west (on 41% of
days) leading to lower temperatures and hydration may

encourage bats to avoid west-facing boxes (Fig. 3). Whatever

the true situation, future research with data loggers is neces-

sary to determine with greater accuracy microclimatic

conditions.

Boxes on posts contained more individuals than those lo-

cated on trees, probably because these are the warmest boxes

and are thus the most suitable for breeding (pregnancy and

lactation) periods for many bat species (Speakman and Racey,

1987; Roverud and Chappel, 1991; Grinevitch et al., 1995; Brit-

tingham and Williams, 2000; Kerth et al., 2001; Lourenço and

Palmeirim, 2004). As has been proved experimentally, P. pyg-

maeus is very sensitive to temperature changes, despite being

a heat-tolerant species (Lourenço and Palmeirim, 2004) and so

a preference for boxes more exposed to the sun is to be

expected.

4.2. Bat-boxes and the conservation of P. pygmaeus in
wetlands with rice paddies

In wetlands and rice paddies bat populations are normally

associated with human buildings in small towns and farm-

houses and so the fate of bat populations always depend on

the whims of private house owners (Brittingham and Wil-

liams, 2000; Lourenço and Palmeirim, 2004). In this habitat,

is difficult to plant trees in anything but lines, which are use-

ful for landscape connectivity for commuting bats (Entwistle

et al., 2001), but lack roosting sites such as tree-holes.

Artificial roost sites such as bat-boxes are a good alterna-

tive to natural or man-made roost sites in wetlands for P. pyg-

maeus, as has been stated for other habitats (Brittingham and

Williams, 2000; Lourenço and Palmeirim, 2004). Lourenço and

Palmeirim (2004) state that bat-boxes play an important role

in the conservation of P. pygmaeus, providing alternative

roosts for maternity colonies excluded from buildings. In

some situations, as seems to be the case in our study area,

using bat-boxes to house maternity colonies may be the only
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viable strategy for sustaining bat populations (Brittingham

and Williams, 2000).
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