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Abstract: Here, we presentan updated list of bats from Guarapuava highlands, center-southern of Parand state,
southern Brazil. This species list is based on four literature records (secondary data) and data from fieldwork
(primary data) in three localities. All species recorded (primary and secondary data) were evaluated by the
relative frequency and their conservation status were assessed. The species recorded from fieldwork were
also evaluated by relative abundance. A beta diversity analysis was done to verify dissimilarities in the bat
fauna among the seven localities. We recorded 28 species in the Guarapuava highlands (14 Vespertilionidae,
10 Phyllostomidae and 4 Molossidae), of which, eight are new records for the region. Sturnira lilium was
the most abundant in three localities (primary data), and the most frequent species in all studies (primary
and secondary data). Only four species were classified globally as “Near Threatened” or “Data Deficient”,
nevertheless they were frequent in this region. The mean regional beta diversity was 0.72, what could
be mostly explained by turnover (0.64) rather than by nestedness (0.08). The greatest species richness of
the family Vespertilionidae is a common pattern in subtropical and temperate regions as in highlands
and mountains. As turnover was the main component of the beta diversity, the communities seemed to
be structured mainly by replacement of species among the studied localities. The Guarapuava highlands
present a diverse bat fauna, however, this region requires more sampling effort to become well known.
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INTRODUCTION 1994), and they vary widely in both ecology and
morphology, providing several ecological services

Bats are the only flying mammals (Kunz & Pierson such as pollination, seed dispersal and insect



control (Fleming et al.1972, Passos et al. 2003). The
Brazilian bat fauna is still poorly known, despite
being among the richest in the world (Bernard et
al. 2010, Nogueira et al. 2014). In Brazil, the Atlantic
Forestis the most studied biome in the country, with
approximately 98 bat species (Muylaert et al. 2017)
and one of the most endangered environments
(Myers et al. 2000). Even in this biome, there are
still many gaps in bat species occurrence and
distribution (Bernard et al. 2010) and consequently,
in community assembly, especially in high altitude
areas, such as mountains and highlands (Moras et
al. 2013, Nobre et al. 2013).

One of the highlands in southern Brazil is the
Guarapuava highlands in Parand state, whose bat
fauna have been poorly studied (Miretzki 2003,
Bernard et al. 2010). These highlands are mostly
characterized by Araucaria Pine Forest and natural
grasslands at an altitude above 700 m (Maack 2012).
These environments comprise most of Parand
state, with the Guarapuava highlands, alone, being
responsible for an area of 6,659 km? (Santos et al.
2006). Few studies on bats have been carried out
in Brazil above 1000 ma.s.l. (e.g., Moras et al. 2013,
Nobre et al. 2013, Miranda & Zago 2015).

The first bat information from the center-south
of Parand state was from Person & Lorini (1990)
in Semidecidual Seasonal Forests close to Iguacu
Valley. After that, Miretzki (2003) recorded some
species in the same region in a review of Parand’s
bat fauna. More recently, a few mammalian surveys
were conducted (Miranda et al. 2008, Valle et al.
2011), while the first survey focused uniquely
on bats was undertaken between 2012 and 2013
(Miranda & Zago 2015). Since 2013, no surveys
have been performed in the region to the best of
our knowledge. Therefore, we aimed to update the
bat fauna list of the Guarapuava highlands region,
using primary and secondary data, and assess the
conservation status of these species to produce a
more informative list for future studies on species
conservation. We also aimed to measure the beta
diversity in this region and to evaluate nestedness
and turnover processes in communities’ assembly.

MATERIAL AND METHODS

Study sites
The present study was carried out in the
Guarapuava highlands, Parana state (Center-South
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region of Parand State), southern Brazil (Figure
1). The area covers 26,409 km? and comprises 29
municipalities. The original environment was
mainly composed of Araucaria Pine Forest and
natural grasslands patches. In addition, this region
also presents Semideciduous Seasonal Forests
under an altitude of 700 m in the Iguacu valley
(Maack 2012). In this study, we focused only on the
Araucaria highlands above the altitude of 700 m.
The region’s climate is Cfb according to Koppen’s
classification, characterized as subtropical humid
and mesothermic without dry season, with more
than five annual frost events (Maack 2012). The
annual average temperature is 17.1°C, with 12.8°C
in the coldest month and about 20.8°C in the
warmest. The accumulated rainfall ranges between
1,800 and 2,000 mm (Miranda & Zago 2015).

Sources of information for bat species
occurrence

Records of bat species for this region were obtained
from field works (primary data) and literature
(secondary data), totalizing seven localities (Figure
1). Field works were conducted in: (1) Parque
Municipal Sao Francisco da Esperanca (PMSFE),
Municipality of Guarapuava; (2) Jardim Botanico de
Faxinal do Céu (JBFC), Municipality of Pinhao; and
(3) Banks of the Jorddo River (BJR), Municipality
of Candéi (Table 1; Figure 1). Bats were captured
using ground-level mist nets (6x3 m and 12x3 m;
18-20 mm of mash) in these three localities, and
also canopy mist nets in PMSFE and JBFC (see
Table 1 for sampling efforts and study period). Each
specimen was identified according to identification
keys (Barquez et al. 1999, Gardner 2008, Miranda
et al. 2011). The first specimen captured for each
species (except juveniles, pregnant or lactating
females) was collected and deposited in the
mammal collection of the Federal University of
Parana (Appendix I). Animals were captured under
authorization of the Brazilian Government’s Chico
Mendes Institute for Biodiversity and Conservation
(SISBIO permits: 44.129-1; 44.193-1).

Secondary data were obtained from four
published studies, being two checklists based on
museum and literature data compilation and two
of original field surveys data: (1) a checklist of bat
occurrence on Parand state, and in Guarapuava
highlands, with most of the data from Reserva
do Iguaci and Foz do Jordao municipalities
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Figure 1. Localities with sampled bat fauna at Guarapuava highlands, Paran4 state, southern Brazil. Primary
data from 2009 to 2015 mist net samples are marked with black circles: PMSFE=Parque Municipal Sao
Francisco da Esperanca (Municipality of Guarapuava); JBFC=JardimBotanico Faxinal do Céu (Municipality
of Pinhdo); and BJR=Banks of the Jordao River (Municipality of Candéi). Localities of secondary data are
marked with white triangles: RIFJ=Reserva do Iguacu and Fé6z do Jorddo municipalities (Miretzki 2003);
PAL=Palmas municipality (Miranda et al. 2008), GUA=Guarapuava municipality (Valle et al. 2011); and
PMNA=Parque Municipal Natural das Araucdrias; Guarapuava municipality (Miranda & Zago 2015).

(RIFJ; Miretzki 2003); (2) a checklist of mammal
occurrence on Guarapuava municipality (GUA;
Valle et al. 2011); (3) amammal survey in grasslands
and Araucaria Pine Forest in Palmas municipality
(PAL; Miranda et al. 2008); and (4) a bat survey
on Parque Municipal Natural das Araucérias, on
Guarapuava municipality (PMNA; Miranda & Zago
2015) (Figure 1).

Data analyses

We used rarefaction curves to evaluate the adequacy
of the sample in relation to species richness. For
the primary data, individual rarefaction curves
were made using the absolute abundance of each
species sampled for each location separately. For
the general data (aggregate primary and secondary
data), we did asample-based rarefaction curve (Mao
Tau procedure) using the frequency of occurrence
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of a species as a sampling unit. The frequency of
occurrence was calculated by dividing the number
of locations in which each species was recorded
by the total number of locations used in the study
(seven). Species richness was estimated for each of
the seven locations using the non-parametric Chao
2 estimator (with 1,000 bootstrapping).

We assessed the conservation status of species
at a global level according to the IUCN Red List of
Endangered Species (IUCN 2018). At the national
level, we used the List of Brazilian Fauna Threatened
of Extinction (ICMBio 2016).

To analyze the dissimilarities between the
seven localities and evaluate possible nestedness
or turnover processes involved in the community
assembly, we calculated the beta diversity (BD)
and its components: beta diversity nestedness
(BD and beta diversity turnover (BD, ). This

nest)
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Table 1. Localities with primary data about bat fauna sampled with mist nets at Guarapuava highlands,

Parana state, southern Brazil, from 2009 to 2015. BJR =

Banks of the Jordao River; PMSFE = Parque Municipal

Sao Francisco da Esperanca; JBFC = Jardim Botanico de Faxinal do Céu.

BJR PMSFE JBEC
Coordinates 25039’'21”S, 51°57°49”W  25003’48”S, 51°17°37”W  25°55’01"S, 51°35’47"W
Altitude (m) 757 1,052 1,162
Year of sampling 2009 2014-2015 2014-2015
Sampling nights 10 25 25
Numper of mist nets 61012 20 20
per night
Number of canopy mist
. 5 (54.000 m2.h) 5 (54.000 m2.h)
nets per night
Sampling effort 13.736m2.h 162.000 m2.h 162.000 m2.h
Secondary Forest and
Vegetation Secondary Forest and Secondary and Primary altered areas (grasslands
characteristics disturbed grasslands Forest with exotic tree
collection)

analysis was done using the Sorensen dissimilarity
index and the Baselga (2010) approach with the R
package betapart (Baselga et al. 2017). To represent
the pattern of BD found between the localities, we
performed a cluster analysis based on Sorensen
dissimilarity index wusing unweighted pair-
group method with arithmetic mean (UPGMA).
To confirm this cluster result, we performed a
cophenetic distance analysis. These analyses were
performed using R 3.3.1 (R Core Team 2016) and the
packages spaa (Zhang 2016) and vegan (Oksanen et
al.2017).

RESULTS

Adding all studies together (primary and secondary
data), a total of 28 species, 15 genera and three
families were recorded for Guarapuava highlands.
Vespertilionidae was the richest family (14
species), followed by Phyllostomidae (10 species)
and Molossidae (4 species; Table 2). The sample
rarefaction curve (Mao Tau) of the general data
did not stabilize (Figure 2A). The Chao 2 analyzes
estimated 35.8 + S.D.) species,
suggesting that these studies registered about 78%
of the estimated species richness of the region.
The primary data included eight new occurrences
for the region: Anoura caudifer, Macrophyllum
macrophyllum, Carollia perspicillata, Sturnira
tildae, Lasiurus cinereus, Lasiurus ega, Mpyotis
albescens and Molossus rufus (Table 2). Among

6.4 (mean =+

the recorded species, six were present in most of
the localities (> 70% of frequency of occurrence)
and can be considered as being common for
Guarapuava highlands (Table 2).

In the PMSFE, there were a total of 117 captures of
14 species, while there were 82 captures of 14 species
in the JBFC, and 29 captures and six species at BJR.
The most abundant species of the three localities
was Sturnira lilium, and the second most abundant
was C. perspicillata at PMSFE, Myotis izecksohni at
JBFC and Desmodus rotundus at BJR (Table 2). The
rarefaction curves did not stabilize, only the curve
for BJR showed a slight tendency to stabilize at the
end of the samplings (Figure 2B, C, D).

Regarding the global conservation status,
Mpyotis ruber is considered “Near Threatened”,
while Eptesicus taddeii, Histiotus velatus and M.
izecksohni are “Data Deficient” (IUCN 2018). Based
on the Brazilian red list, E. taddeii is considered
“Vulnerable” and M. izecksohni is “Data Deficient”
(ICMBio 2016). All other species are classified as
“Least Concern” in bothlists of species conservation
status (ICMBio 2016, IUCN 2018).

In theregional analysis of bat fauna, thelocalities
presented an average BD of 0.72, BD, _of 0.64 and
BD,_ of 0.08. In the cluster plot, there are two
groups with more than 50% of similarity (Figure 3)
confirmed by cophenetic distance analysis (0.91).
The first group is formed by the areas with larger
sampling efforts and with these efforts directed
only toward bats: PMNA, JBFC and PMSFE. The
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Figure 2. Rarefaction curves of bats species to primary and overall data in Guarapuava
highlands region, Parand, southern Brazil. (A) Sample rarefaction (Mao Tau) of overall
studies (primary and secondary data); (B) Individual rarefaction curve from Parque
Municipal Sao Francisco da Esperanca (PMSFE); (C) Individual rarefaction curve from
Jardim Botanico Faxinal do Céu (JBFC); (D) Individual rarefaction curve from Banks of

Jordao River (BJR).

other group clustered the areas with smaller
sampling efforts (BJR and PAL) and the areas with
only museum and literature data compilation (RIF]
and GUA).

DISCUSSION

The species listed correspond to 71.8% of the
already recorded bat fauna from Araucaria Pine
Forest (Miretzki 2003, Miranda et al.2008, 2009,
Marques et al. 2011), 28.6% of the Atlantic Forest
(Muylaert et al. 2017) and 15.7% of Brazilian bat
fauna (Nogueira et al. 2014). Differing from most
studies in the Atlantic Forest, in which the family
Phyllostomidae dominates the assemblages (e.g.,
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Bianconi et al. 2004, Esbérard et al.2006, Reis et al.
2006, Tavares et al. 2007, Carvalho et al. 2013), in
our study, Vespertilionidae was the richest family.
With increasing of altitude and latitude, there is
a decrease in temperature and environmental
productivity, leading to less complex ecosystems.
Therefore, bat assemblages become simpler (i.e.,
fewer species, ecological functions and evolutionary
lineages) as altitude and latitude increases, until
only aerial insectivorous bats persist (Patterson et
al. 2007, Cisneros et al. 2014, Martins et al. 2015).
In Neotropical biomes, altitudes above 2.000 m for
Atlantic Forest (Martins et al. 2015) and above 2.500
m for Andean Amazonian (Cisneros et al. 20014),
only aerial insectivorous bats were recorded. In
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Figure 3. UPGMA (unweighted pair-group method using arithmetic
averages) cluster analysis for beta diversity (BD) values among
sampled bat fauna. Nodes that are to the left of the dashed line have
values under 50% of dissimilarity, showing two groups. The sample
effort is below the initials of each area. Primary data from 2009 to
2015 mist net samples are marked with black circles: PMSFE=Parque
Municipal Sao Francisco da Esperanca (Municipality of Guarapuava);
JBFC=JardimBotanico Faxinal do Céu (Municipality of Pinhdo); and
BJR=Banks of the Jordao River (Municipality of Candéi). Localities
of secondary data are marked with white triangles: RIFJ=Reserva do
Iguacu and Fé6z do Jordao municipalities (Miretzki 2003); PAL=Palmas
municipality (Miranda et al. 2008), GUA=Guarapuava municipality
(Valle etal.2011); and PMNA=Parque Municipal Natural das Araucarias;
Guarapuava municipality (Miranda & Zago 2015). SD = areas with only
museum and literature data compilation

the same way, only aerial insectivorous bats are
recorded above 30°N or 35°S (Patterson et al. 2007).
The lower temperatures and declines in food supply
ofhigher latitudes seems to be limitations to all New
World bats distribution, except to Vespertilionidae,
that are aerial insectivorous bats able to do long
distance migrations and to hibernate (Zago 2017).
The same pattern seems to occur at higher altitudes

(Martins et al. 2015), thus, the predominance of
aerial insectivorous species in the bat assemblages
ofthe Guarapuava highlands maybe a consequence
of the subtropical and altitude characteristics of the
region.

More than half of recorded species were aerial
insectivores (Vespertilionidae and Molossidae).
These bats tend to be rare in studies that used mist

Oecol. Aust. 23(3): 562-574, 2019
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nets (Pedro & Taddei 1997, Kalko & Handley-Jr
2001). Thus, the nature of our records, with several
rare species, resulted in the non-stabilization of the
rarefaction curves. Therefore, the current list has a
tendency to increase with additional bat surveys
because, even for well-studied areas, such as the
coast of Parana state (Miretzki 2003), increases in
sampling effort have resulted in new species records
(e.g., Scultori et al.2009, Carvalho et al. 2014, Rubio
etal. 2014, Varzinczak et al. 2015).

Most of the species that were highly frequent in
the present study were also considered abundant in
other Araucaria Pine Forest bat surveys (e.g., Reis
et al. 2000, 2006, Arnone & Passos 2007, Zanon &
Reis 2007, Miranda et al. 2009). On the other hand,
some species, which were less frequent, have
been captured close to their roosts, like Histiotus
montanus (Miranda et al. 2006a, 2008), Myotis levis
(Miranda et al. 2008, 2010), Molossus molossus
(Miranda & Zago 2015) and M. macrophyllum
(primary data), or only at canopy nets, like A.
caudifer, M. molossus and M. rufus (primary data).
These two alternative methods of survey (caught
at roost and canopy netting), along with long-
term inventories and acoustic monitoring, should
be widely used in bat samplings (Simmons & Voss
1999, Sampaio et al. 2003, Bernardi et al. 2009). In
the present study, the two richest areas were those
with the greatest sampling effort, and with mist
nets installed in the canopy, corroborating several
studies that pointed out that this method increases
the survey’s power (e.g., Bernard 2001, Carvalho et
al. 2013).

Regarding the species classified as threatened,
near threatened or data deficient, the four
species presented medium to high frequencies
in Guarapuava highlands. The scarce records of
E. taddeii and M. izecksohni in previous studies
may be attributed to misidentifications, as both
species were recently described and are cryptic
(with Eptesicus brasiliensis and Mpyotis nigricans,
respectively; Miranda et al. 2006b, Moratelli et
al. 2011). Furthermore, all species classified as
threatened, near threatened or data deficient are
aerial insectivore bats, which are known to be
underestimated in studies carried out with mist
nets. Therefore, it is possible that these species are
underrepresented in the samples instead of being
rare in the area (Velazco et al. 2011).

The average BD and its components, BD, and

Oecol. Aust. 23(3): 562-574, 2019

BD_ ., found among bat faunas in our regional
scale was similar to that found in the overall
Atlantic Forest, with the turnover component
being lager than the nestedness component
(Varzinczak et al. 2018). These results indicate that
at both scales, the Guarapuava highlands region
and the Atlantic forest biome, the bat community
assembly is a result of species replacement (i.e.,
species turnover) among communities instead of
species loss. The latter occurs when poor species
areas are subsets of richer areas, resulting in
nested structure (Baselga 2010). Therefore, other
structuring features, rather than environmental
filtering, may be acting at both scales. However, the
BD observed among the bat faunas analyzed herein
may better reflect methodological and sampling
biases than ecological gradients. Studies with larger
and standardized sampling effort are necessary to
confirm these patterns.

This work is the first approach at regional level
(beta diversity) about bat diversity in Guarapuava
highlands. However, in spite of this regional bat list
update, the cluster analysis based on beta diversity
approach have highlighted gaps in the surveys
carried out in the region. Since species of the family
Vespertilionidae are hardly catch using mist nets,
multimethod samplings are especially important
at the latitudes and altitudes of Guarapuava, where
this familyis the richestamongbats. Taking thatinto
account, we suggest caution when analyzing results
from databases with incomplete or subsampled
bat assemblages and pointed out that Guarapuava
highlands may be a region where the ecology of
vespertilionid species, especially those threatened
or near threatened, must be investigated.
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Appendix I. Collection numbers of specimens of bats from Guarapuava highlands, Parana state, southern
Brazil, from 2009 to 2015, per locality deposited in the mammal collection of the Federal University of Parana
(DZUP — acronym):

Parque Municipal Sao Francisco da Esperanca (Guarapuava municipality, Parana state, Brazil): Anoura
caudifer: 2073; Artibeus fimbriatus:2083; Artibeus lituratus:2058, 2080; Carollia perspicillata: 2063, 2066;
Chrotopterus auritus: 2065, 2067; Desmodus rotundus: 2077, 2078; Eptesicus furinalis: 2075; Eptesicus
taddeii: 2076; Histiotus velatus: 2057, 2061; Lasiurus cinereus: 2079; Myotis izecksohni: 2069; Pygoderma
bilabiatum: 2064; Sturnira lilium: 2055, 2056; Sturnira tildae: 2086.

Jardim Botanico Faxinal do Céu (Pinhao municipality, Parana state, Brazil): Desmodus rotundus:
2123; Eptesicus furinalis: 2110, 2117; Eptesicus taddeii: 2108, 2111; Histiotus velatus: 2109, 2115; Lasiurus
blossevillii: 2128, 2129; Lasiurus ega: 2130; Molossus molossus: 2107; Molossus rufus: 2120, 2126; Myotis
albescens: 2122; Myotis izecksohni: 2113, 2114; Myotis ruber. 2112; Pygoderma bilabiatum: 2121, 2124;
Sturnira lilium: 2102, 2103; Sturnira tildae: 2133, 2134.

Banks of Jordao River (Candéi municipality, Parand state, Brazil): Chrotopterus auritus: 1287, 1288;

Desmodus rotundus: 1340, 1341; Eptesicus furinalis: 1291; Macrophyllum macrophyllum: 1327, 1328;
Mpyotis ruber: 1289, 1290; Sturnira lilium: 1292, 1335.
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