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Introduction
Among the European bats which declined markedly 
in the middle of the 20th century, the lesser horseshoe 
bat, Rhinolophus hipposideros suffered the most 
spectacular population crash (Feldmann 1967). 
Populations in continental north-western Europe have 
not yet recovered from the strong decreases and range 
contractions which started in the 1940s (Netherlands 
– Van Vliet & Mostert 1997, Dekker et al. 2011; 
Luxembourg – Harbusch et al. 2002; Belgium – 
Verlinde 2003, Kervyn et al. 2009; Germany – Kock 
& Altmann 1994, Kulzer 2003, Zahn & Weiner 
2004, Wissing 2007; Liechtenstein – Güttinger 2011; 
Switzerland – Bontadina et al. 2000). The species is 
currently considered Near Threatened with declining 
populations in the European IUCN Red List (Hutson 
et al. 2007).
In Italy, the species is known in all regions (Agnelli 
et al. 2004, Lanza 2012) with declining populations. 
Additionally, it is listed as endangered by the Italian 
Red List (Rondinini et al. 2013), and its conservation 
status is even now considered inadequate (Genovesi 
et al. 2014).
Careful monitoring and population data collection, 
with the aim of tracking population change, are 
necessary for species conservation. Moreover, 

these data are essential for effective conservation 
and management decisions (e.g. Spellerberg 1991, 
Battersby & Greenwood 2004, Pereira & Cooper 
2006). Collecting accurate data on bats abundance 
and its regional variation is rather difficult (Hayes 
et al. 2009). In the temperate zone, long-term 
population variations are usually estimated by 
counting hibernating bats in their underground roosts 
(Horáček 2010, Uhrin et al. 2010, Ingersoll et al. 
2013). This type of monitoring is the most frequent 
and widespread source of bats data in Europe and has 
been used for the definition of a prototype indicator of 
trends in European bats populations (Van der Meij et 
al. 2015). 
On the contrary, the population trends based on the 
monitoring of breeding colonies are scarcer, despite 
summer roost colony counts often being a preferred 
monitoring method (Battersby 2010). The few 
available examples concern Rhinolophus hipposideros 
in Great Britain and Ireland (Warren & Witter 2002, 
Roche et al. 2012), Rhinolophus ferrumequinum, 
Rhinolophus hipposideros, Myotis emarginatus and 
Myotis myotis in Bretagne-France (Baudouin 2013) or 
a few other bats species in Great Britain (Barlow et al. 
2015). Overall, systematic bat monitoring in summer 
roosts is a relatively new approach, and therefore 
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long-term population variations are not available so 
far (Bartonička & Gaisler 2010).
The aim of this study was to analyse long-term 
population changes of a reproductive population of 
Rhinolophus hipposideros. We monitored 33 maternity 
roost sites in north-western Italy across a 19-year 
period, and analysed the data through a TRIM statistic 
to calculate a robust estimation of population trend.

Material and Methods
Thirty three maternity roosts were visited in the years 
2000 to 2018, in an area of north-western Italy (Fig. 1) 
between the Piedmont (13 roosts) and Liguria regions 
(20 roosts). 
Standardized counts were made through the detection 
of only adult females, by counting emerging bats 
with an ultrasonic detector or by photographic 
methods or direct counts inside the roost, based on 
the characteristics of the roost and its accessibility, as 
recommended by Battersby (2010). For each roost, 
only one inspection per year between late June and 
the first ten days of July was performed using the 
same counting methodology each year to minimize 
disturbances (Fig. 2). 
In order to analyse population trends, we used the 
TRIM-software (trends and indices for monitoring 
data; Pannekoek & Van Strien 2001, Gregory et 
al. 2005) through package “Rtrim” v 2.0.6 that 
allows implementing TRIM within the R statistical 
environment (Bogaart et al. 2016). TRIM is a 
widely used freeware program with an efficient 
implementation of log-linear Poisson regression 
models to analyse time series of count data (Gregory 
et al. 2005), and is also used for analysing trends in 
hibernating bats (Uhrin et al. 2010, Van der Meij et al. 
2015). TRIM was developed for the analysis of time-
series of counts with missing values from individual 
sites (Pannekoek & van Strien 2001). In our study, 
we have a few missing counts in some colonies. Two 
roost were counted only one year, four for two years, 
five for three years, four for four years, three for five 
years, two for six years, four for seven years, three for 
eight years, two for nine years and four for more than 
ten years, one of which for nineteen.
The presence of missing values for some sites 
prevents the use of a model that takes the “site” and 
“year of count” parameter into account (model 3 time 
effect), since the time effects model needs each site 
and each year to have at least one non-zero count in 
TRIM. For that reason, we performed a linear trends 
models (model 2) analysis by using sites with at least 
three counts in the selected time period. The different 

environmental and climatic characteristics of the two 
regions were considered as covariates for the analysis. 
The Wald statistic was performed to test the slope 
parameter significance. 
Mean yearly change rate estimates and confidence 
intervals were used to classify the trends following 
the criteria indicated by Soldaat et al. (2007).

Fig. 1. Maps of study area (dashed rectangle) and maternity roost 
monitored (stars).

Fig. 2. Boxplot of Julian Date (day number: 1st January = day 1) for yearly 
maternity roost counts from 2000-2018 (June-July).

Fig. 3. Trend of summer population (with SE bars) of Rhinolophus 
hipposideros females in the study area.

Downloaded From: https://bioone.org/journals/Folia-Zoologica on 01 Dec 2024
Terms of Use: https://bioone.org/terms-of-use



97

Results
Throughout the 19-years-long monitoring period, a 
total of 5135 Rhinolophus hipposideros were counted 
in maternity roosts (Table 1), with a mean of 273 (SD 
= 198.1) per year (mean Piedmont = 73, SD = 85.9; 
mean Liguria = 200, SD = 164.6). The differences 
between the two regions were significant (Wilcoxon 
test Z = 167, p = 0.0023).
The population analysis model shows a significant 
overall gradient of 1.047 (Wald test = 24.89, p < 
0.001), which corresponds to an average annual 
increase of 4.7 % over the period considered (Table 
2, Fig. 3). The Wald test for significance of covariates 
does not show a general significant effect on slopes 
(Wald test = 14.39, p = 0.703). Only after 2010 is there 
a significant change in the slopes of the two regions 

(Wald test = 66.18, p < 0.001) with a significant 
moderate increase in Liguria (slope = 1.056, SE = 
0.013) corresponding to a 5.6 % change per year and 
a stable trend in Piedmont (slope = 1.017, SE = 0.015) 
with an average increase of 1.7 % per year.

Discussion and conclusion
The analysis suggests that in the study area, the 
reproductive population of Rhinolophus hipposideros 
monitored in the maternity roost has increased 
throughout the period 2000-2018, with large increases 
after 2010 and different trends in the two regions 
considered. The results agree with the recently 
observed trends in other European countries for this 
species. The annual increase observed in this study is 
similar to that detected in the U.K. where a growth of 
65.5 % was detected from 1999 to 2012 (Barlow et al. 
2015) with an average annual increase of 5 % in the 
short term (Warren & Witter 2002). Similar increases, 
though more limited, have been observed in Ireland 
(Roche et al. 2012) and in other European countries 
(e.g. Slovakia, Poland) where positive trends have 
been detected (Furmankiewicz et al. 2007, Chytil & 
Gaisler 2012). In some regions of France close to 
our study area, there have been positive trends (e.g. 
Rhone-Alpes), even though they are not precisely 
quantified (Groupe Chiroptères de la LPO Rhone-
Alpes 2014), or even small decreases (e.g. Provence; 
Drousie & Cosson 2016).
The positive trends observed in the reproductive 
period in some populations are confirmed by the 
long-term trends of hibernating bats observed in 
various European countries (Van der Meij et al. 2015). 
Rhinolophus hipposideros has shown an average 
annual increase of 6 % hibernants in some European 
countries, with variations between 4 % and 16 % (Van 
der Meij et al. 2015). Similar trends were also found 
locally in Austria (Spitzenberger & Engelberger 
2013), Czech Republic (Chytil & Gaisler 2012), and in 
some French regions (Groupe Chiroptères de la LPO 
Rhone-Alpes 2014), although in some sites in Austria, 
a subsequent decrease has taken place (Spitzenberger 
& Engelberger 2013).
The trends we detected in the Piedmont and Liguria 
regions are the first quantitative information about the 

Table 1. Number of roosts and number of Rhinolophus hipposideros 
breeding females counted per year.

Year Liguria Piedmont Total
No. 

roost
No. 

female
No. 

roost
No. 

female
No. 

roost
No. 

female
2000 2 70 1 9 3 79
2001 2 63 1 10 3 73
2002 2 58 1 8 3 66
2003 2 48 1 11 3 59
2004 1 54 1 11 2 65
2005 1 36 1 11 2 47
2006 2 140 1 10 3 150
2007 4 180 1 9 5 189
2008 4 214 1 9 5 223
2009 7 269 3 58 10 327
2010 16 566 4 66 20 632
2011 2 137 8 152 10 289
2012 5 294 7 131 12 425
2013 5 216 7 130 12 346
2014 10 496 4 78 14 574
2015 10 522 4 56 14 578
2016 1 105 7 98 8 203
2017 2 136 8 198 10 334
2018 4 189 11 287 15 476

3793 1342 5135

Table 2. TRIM: parameters calculated by the linear model.

Region Wald-test        P Slope SE Trend
Overall 24.89 < 0.001 1.047 0.009 Moderate increase
Piedmont   1.15 < 0.286 1.017 0.015 Stable
Liguria 19.55 < 0.001 1.056 0.013 Moderate increase
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species increase, given that it was formerly assessed 
as “endangered” in Italy (Rondinini et al. 2013) and 
considered “in decline” (Agnelli et al. 2013), despite 
the lack of long-term monitoring. However, some 
caution is needed in interpreting these results, because 
of the limited number of monitored maternity roosts 
related to only two geographical areas of north-western 
Italy. Moreover, the lack of knowledge about other 
demographic parameters makes it difficult to explain 
the different trends. This fact could be explained by 
different environmental characteristics, the forest 
size and preservation, the habitats normally used for 
foraging activity (Bontadina et al. 2002) and, last, by 
consequent diet changes (Bono & Toffoli 2016), as 
well as likely different reproductive success. In fact, 
the Liguria colonies are mainly found in forested or 
non-anthropized areas, while in Piedmont we observe 
greater urbanization (Bono & Toffoli 2016).
Despite this encouraging positive trend that 
corresponds to the observations in other European 
areas, in our study area there are threats that should not 
be underestimated. Some maternity roosts are indeed 
in a precarious conservation status and are subject to 

anthropogenic disturbance due to renovations of the 
bat-inhabited buildings or because of their deterioration 
due to the state of neglect. Building deterioration can 
lead to roost size reduction or its desertion, as observed 
in some monitored sites in Liguria. Environmental 
transformations due to urbanization, more evident in 
Piedmont, habitat fragmentation, and foraging area 
reduction can jeopardize the conservation status of 
this species (Dietz & Kiefer 2016).
In conclusion, for a correct conservation of the 
horseshoe bat, it would be necessary to continue 
regular monitoring in a large number of maternity 
roosts to standardise techniques and dates of counting 
as much as possible. Furthermore, the acquisition of 
other demographic parameters is needed in order to 
even better evaluate reproductive success.

Acknowledgements
We thank all the collaborators for their help with the fieldwork, 
in particular P. Culasso, and G. Boano (Museo Civico di Storia 
Naturale di Carmagnola, TO) and M. Cucco (Universita’ del 
Piemonte Orientale, DISIT) for insightful comments on previous 
draft of this paper. We are thankful to two anonymous reviewers 
for their comments on this manuscript.

Literature
Agnelli P., Martinoli A., Patriarca E. et al. 2004: Guidelines for the monitoring of bats: methodological indications for the study and 

conservation of bats in Italy. Quaderni di Conservazione della Natura, Ministero Ambiente – Istituto Nazionale Fauna Selvatica.
Agnelli P., Martinoli A., Russo D. & Scaravelli D. 2013: Rhinolophus hipposideros. IUCN Red List of Italian vertebrates 2013. http://

www.iucn.it/scheda.php?id=1414650326 
Battersby J. 2010: Guidelines for surveillance and monitoring of European bats. EUROBATS Publication Series (no. 5), UNEP/

EUROBATS Secretariat, Bonn, Germany.
Battersby J.E. & Greenwood J.J.D. 2004: Monitoring terrestrial mammals in the UK: past, present and future, using lessons from the 

bird world. Mammal Rev. 34: 3–29. 
Barlow K.E., Briggs P.A., Haysom K.A. et al. 2015: Citizen science reveals trends in bat populations: the National Bat Monitoring 

Programme in Great Britain. Biol. Conserv. 182: 14–26.
Bartonička T. & Gaisler J. 2010: Summer monitoring of bats population. In: Horáček I. & Uhrin M. (eds.), A tribute to bats. Lesnická 

Práce, s.r.o, Kostelec nad Černými lesy: 113–123.
Baudouin A. 2013: Analyse statistique de la démographie de quatre espèces de chauves-souris: le Petit rhinolophe (Rhinolophus 

hipposideros), le Grand rhinolophe (Rhinolophus ferrumequinum), le Grand murin (Myotis myotis) et le Murin à oreilles échancrées 
(Myotis emarginatus), sur 13 années de comptage en Bretagne, et de son lien avec des facteurs environnementaux. Master 1 
mention Ecologie Environnement, parcours Ecologie Fonctionnelle, Comportementale et Evolutive, Université Rennes 1.

Bogaart P., Loo M. & Pannekoek J. 2016: Rtrim: trends and indices for monitoring data – R package, version 2.0.6. https://CRAN.R-
project.org/package=rtrim

Bono S. & Toffoli R. 2016: Diet of Rhinolophus hipposideros during breeding season in the south-western Italian Alps. Vespertilio 18: 29–39.
Bontadina F., Arlettaz R., Fankhauser T. et al. 2000: The lesser horseshoe bat Rhinolophus hipposideros in Switzerland: present status 

and research recommendations. Le Rhinolophe 14: 69–83.
Bontadina F., Schofield H. & Naef-Daenzer B. 2002: Radio-tracking reveals that lesser horseshoe bats (Rhinolophus hipposideros) 

forage in woodland. J. Zool. Lond. 258: 281–290.
Chytil J. & Gaisler J. 2012: Development of the Rhinolophus hipposideros population in southern Moravia, Czech Republic. Vespertilio 

16: 131–137.
Dekker J., Dijkstra V. & Van der Meij T. 2011: Population trends of Dutch bat populations from 25 years of national hibernacula counts. 

In: Anonymous (eds.), XII European Bat Research Symposium, August 22-26, 2011. Gamtos tyrimų centras, Vilnius, Lithuania. 
Dietz C. & Kiefer A. 2016: Bats of Britain and Europe. Bloomsbury Publishing.
Drousie M. & Cosson M. 2016: Le Petit rhinolophe Rhinolophus hipposideros. In: LPO PACA, GECEM & GCP (eds.), Les Mammifères 

de Provence – Cote d’Azur. Biotope, Mèze.
Feldmann R. 1967: Bestandsent wicklung und heutges Areal der Kleinhufeisennase, Rhinolophus hipposideros (Bechstein, 1800) im 

mittleren Europa. Säugetierkd. Mitt. 15: 43–49.

Downloaded From: https://bioone.org/journals/Folia-Zoologica on 01 Dec 2024
Terms of Use: https://bioone.org/terms-of-use



99

Furmankiewicz J., Hebda G. & Furmankiewicz M. 2007: The population increase of the lesser horseshoe bat Rhinolophus hipposideros 
at the northern border of its geographical range in the Sudetes. Ber. Naturforsch. Ges. Oberlausitz 15: 5–14.

Genovesi P., Angelini P., Bianchi E. et al. 2014: Species and habitats of community interest in Italy: distribution, conservation status and 
trends. ISPRA, Serie Rapporti, 194/2014.

Gregory R.D., Van Strien A.J., Vorisek P. et al. 2005: Developing indicators for European birds. Philos. Trans. R. Soc. Lond. B 360: 
269–288.

Groupe Chiroptères de la LPO Rhone-Alpes 2014: Les chauves souris de Rhone-Alpes. LPO Rhone-Alpes, Lyon.
Güttinger R. 2011: Kleine Hufeisennase (Rhinolophus hipposideros). In: Broggi M.F., Camenisch D., Fasel M. et al. (eds.), Die 

Säugetiere des Fürstentums Liechtenstein (Mammalia). Ber. Bot.-Zool. Ges. Liecht.-Sargans-Werdenberg 35: 5–200.
Harbusch C., Engel E. & Pir J. 2002: Die Fledermäuse Luxemburgs (Mammalia: Chiroptera). Ferrantia 33: 1–149.
Hayes P., Ober H. & Sherwin R. 2009: Survey and monitoring of bats. In: Kunz T.H. & Parsons S. (eds.), Ecological and behavioral 

methods for the study of bats. The Johns Hopkins University Press.
Horáček I. 2010: Monitoring bats in underground hibernacula. In: Horáček I. & Uhrin M. (eds.), A tribute to bats. Lesnická Práce, s.r.o, 

Kostelec nad Černými lesy: 93–108.
Hutson T., Spitzenberger F., Juste J. et al. 2007: Rhinolophus hipposideros. The IUCN Red List of Threatened Species 2007: 

e.T19518A8950866. Downloaded on 09 December 2018. https://www.iucnredlist.org/species/19518/8950866#conservation-
actions

Ingersoll T.E., Sewall B.J. & Amelon S.K. 2013: Improved analysis of long-term monitoring data demonstrates marked regional declines 
of bat populations in the eastern United States. PLOS ONE 8: e65907.

Kervyn T., Lamotte S., Nyssen P. & Verschuren J. 2009: Major decline of bat abundance and diversity during the last 50 years in 
southern Belgium. Belg. J. Zool. 139: 124–132.

Kock D. & Altmann J. 1994: Große Hufeisennase, Rhinolophus ferumequinum (Schreber, 1774) und Kleine Hufeisennase, Rhinolophus 
hipposideros (Bechstein, 1800). In: Arbeitsgemeinschaft 155 für Fledermausschutz in Hessen (eds.), Die Fledermäuse Hessens: 
Geschichte, Vorkommen, Bestand und Schutz. Manfred Henneke, Remshalden-Buoch.

Kulzer E. 2003: Kleine Hufeisennase, Rhinolophus hipposideros (Bechstein, 1800). In: Braun M. & Dieterlen F. (eds.), Die Säugetiere 
Baden-Württembergs, vol. 1. Eugen Ulmer, Stuttgart.

Lanza B. 2012: Fauna of Italy. Mammalia V. Chiroptera. Calderini Editore, Bologna.
Pannekoek J. & Van Strien A.J. 2001: TRIM3 manual. Trends and indices for monitoring data. Statistics Netherlands Voorburg, the 

Netherlands.
Pereira H.M. & Cooper H.D. 2006: Towards the global monitoring of biodiversity change. Trends Ecol. Evol. 21: 123–129. 
Roche N., Langton S. & Aughney T. 2012: Lesser horseshoe bat: population, trends and threats 1986 to 2012. Unpublished report from 

Bat Conservation Ireland to the National Parks & Wildlife Service, Dublin, Ireland.
Rondinini C., Battistoni A., Peronace V. & Teofili C. 2013: IUCN Red List of Italian vertebrates. Comitato Italiano IUCN e Ministero 

dell’Ambiente e della Tutela del Territorio e del Mare, Roma.
Soldaat L., Visser H., van Roomen M. & van Strien A. 2007: Smoothing and trend detection in waterbird monitoring data using 

structural time-series analysis and the Kalman filter. J. Ornithol. 148: S351–S357.
Spellerberg I.F. 1991: Monitoring ecological change. Cambridge University Press, Cambridge.
Spitzenberger F. & Engelberger S. 2013: Negative trend reversal after 16 years of constant growth: the case of Rhinolophus hipposideros 

in an Austrian mass hibernaculum (Chiroptera: Rhinolophidae). Lynx 44: 149–156.
Uhrin M., Benda P., Obuch J. & Urban P. 2010: Changes in abundance of hibernating bats in central Slovakia (1992-2009). Biologia 

65: 349–361.
Van der Meij T., Van Strien A.J., Haysom K.A., Dekker J. et al. 2015: Return of the bats? A prototype indicator of trends in European 

bat populations in underground hibernacula. Mamm. Biol. 80: 170–177.
Van Vliet J.A. & Mostert K. 1997: Kleine hoefijzer neus Rhinolophus hipposideros (Bechstein, 1800). In: Limpens H., Mostert K. & 

Bongers K. (eds.), Atlas van de Nederlandse vleermuizen. Koninklijke Nederlandse Natuurhistorische Vereniging, Utrecht.
Verlinde R. 2003: Kleine hoefijzerneus Rhinolophus hipposideros (Bechstein, 1800). In: Verkem S., De Maeseneer J., Vandendriessche B. 

et al. (eds.), Zoogdieren in Vlandern: ecologie en verspreiding van 1987 tot 2002. Natuurpunt Studie & JNM-Zoogdierenwerkgroep, 
Mechelen & Gent.

Warren R.D. & Witter M.S. 2002: Monitoring trends in bat populations through roost surveys: methods and data from Rhinolophus 
hipposideros. Biol. Conserv. 105: 255–261.

Wissing H. 2007: Kleine Hufeisennase (Rhinolophus hipposideros Bechstein, 1800). In: König H. & Wissing H. (eds.), Die Fledermäuse 
der Pfalz. Ergebnisse einer 30jährigen  Erfassung. Gesellschaft für Naturschutz und Ornithologie Rheinland-Pfalz e.V., Landau.

Zahn A. & Weiner P. 2004: Kleine Hufeisennase Rhinolophus hipposideros (Bechstein, 1800). In: Meschede A. & Rudolph B.U. (eds.), 
Fledermäuse in Bayern. Eugen Ulmer, Stuttgart.

Downloaded From: https://bioone.org/journals/Folia-Zoologica on 01 Dec 2024
Terms of Use: https://bioone.org/terms-of-use


