N~

UNIVERSIDADE DE BRASILIA
INSTITUTO DE CIENCIAS BIOLOGICAS
PROGRAMA DE POS-GRADUACAO EM ECOLOGIA

Is the response of insectivorous bats to vegetation
cover scale — dependent?

A resposta de morcegos insetivoros a cobertura
vegetal ¢ dependente da escala espacial?

CAMILA MONIZ FREIRE RODRIGUES

BRASILIA
2019



Is the response of insectivorous bats to vegetation
cover scale — dependent?

A resposta de morcegos insetivoros a cobertura
vegetal ¢ dependente da escala espacial?

CAMILA MONIZ FREIRE RODRIGUES

Orientadora: Prof. Dr. Ludmilla M. S. Aguiar

Dissertagdo apresentada ao Programa de
Pos-Graduagao em Ecologia do Instituto
de Ciéncias Biologicas da Universidade
de Brasilia como requisito parcial a

obtencao do titulo de Mestre em Ecologia.



CAMILA MONIZ FREIRE RODRIGUES

Is the response of insectivorous bats to vegetation
cover scale — dependent?

A resposta de morcegos insetivoros a cobertura
vegetal ¢ dependente da escala espacial?

Data da defesa:
Nota:

BANCA EXAMINADORA

Dr* Ludmilla Moura de Souza Aguiar
(Presidente)

Dr. Patricio Adriano da Rocha
(1° Titular)

Dr. Pedro Henrique Brum Togni
(2* Titular)

Dr* Marina Regina Frizzas
(Suplente)



“Every phase of your life teaches you

how to grow, how to heal and how to deal.”



AGRADECIMENTOS

Esse trabalho foi fruto de muitas maos, um produto lapidado, enriquecido e vivenciado
por muitos e muitas. Agradeco, inicialmente, a minha familia, pelo apoio
incondicional, por acreditarem no meu potencial desde muito menina e, sobretudo,
pela paciéncia. Ao Dante, meu companheiro inseparavel das incontaveis noites mal —
dormidas e das madrugadas a fio de muito estudo, insonia e ansiedade.

Agradeco ao CNPq pela bolsa de pesquisa concedida, e ao Programa de Pos —
Graduacao em Ecologia da UnB (PGECL) pelos auxilios financeiros fornecidos para
realizacdo do meu projeto e formagdo pessoal.

Agradeco a Lud, minha orientadora, pelo suporte pessoal e profissional, pelos inumeros
puxdes de orelha e por acreditar em mim, mesmo quando eu ja havia perdido as
esperangas.

Agradeco imensamente aos meus amigos e colegas do Laboratério de Biologia e
Conservacao dos Morcegos da UnB e dos Departamentos de Ecologia e de Zoologia,
por dividirem essa empreitada comigo, por tornarem meu caminho mais leve e
seguro, pelos inimeros programas de indio de baixo or¢amento e, principalmente,
pelas cantorias de classicos da musica brasileira, que, diga —se de passagem, sdo o
que ha de mais refinado em termos musicais no Brasil e no Parand!

A Pri, Carlinha, Novinho, Damaésio, Thiago, Daniel, Yanzinho, Elba, Verd, Dolfe,
Totas, Tiger e demais pessoas que me acompanharam e permitiram que eu crescesse
pessoal e profissionalmente durante essa minha constante jornada.

Agradeco ao Clay, Amandinha, Debs, Bruno, Lauretto, Renata, Matheus, Dhara,

Renatinho, Carol, Yago e demais pessoas que colaboraram em meus campos, pelo



suporte técnico, pelas conversas madrugada afora e pelos perrengues compartilhados,
que nao foram poucos!

Agradeco, por fim, a Lari, Sa, Jodo, Stich, Lips, L&, Rafa, Ma, Mari Berti, F&, Yas,
Vanessa, Let, Caozinho, Bel, Cris, L6 e demais amigos, por ndo desistirem de mim,
por enxergarem sempre o meu melhor, por me apoiarem no meu pior, pelo conforto e

cumplicidade.

Que sorte a minha!



10

11

12

13

14

15

16

17

18

19

SUMMARY

LSt Of FIGUIES ....oooiiiiiiieeee ettt et e e e s 2
LSt Of taDIES ....c.ooiineiii e 3
List of aPPendicCes ..........c.oooiiiiiiiiiee e s 4
ADSTIACT ..ottt ettt sttt en 5
RESUIMO ..ottt e 7
INEroduction ..........cocooiiiiiiiii e 9
ODJECTIVES ..ottt et e et e et e e st e e st e e sabeeesabeeesabeeenneas 13
Material and Methods ... 14
SHUAY AFOQ .ottt ettt ettt st e raeebeessaessaesnaeans 14
FROLA STUAY ..ottt ettt et et eena s 15
DALA COILECHION ...ttt ettt ssaeeseesane e 16
Percent Vegetation COVET ...........uuuiiiiiiiiiiiiiesiieesiee ettt 16
STALISEICAL ANALYSTS ..ottt et e 17
RESUILS ...ttt st e 18
DIESCUSSION ..ottt ettt st ettt st e s eee 23
Conclusion remarks ... 26

RETEICIICES ... e ettt e e e e e e e et e aeseseeeteeaaaaeseseeerennnnns 28



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

LIST OF FIGURES

Figure 1 : The Parque Estadual de Terra Ronca (PETeR), located in the municipality of
Sao Domingos, Goias State, central Brazil. Study area is represented by the black star

icon, in the easthern region of PETER territory. ........cccceoeviereiniinieniinenieceiceeeene 15

Figure 2 : Map of the study area in the PETeR, produced from merged digital images of
the spectral bands of red (B3) and near infrared (B5). Landsat 8 OLI sensor data
extracted from the USGS data set, in 11 February 2015, with 6% of cloud cover and

UTM PrOJECIEA. .ooneiieiiieeiieeiieeie ettt ettt ettt et e ssbe e bt e s ebeensaeenbaesseesnseesaesnseas 17

Figure 3. Relative bat activity of each predominant taxonomic family, present in all

sampled sites, during the nights of 12 February 2015 and 07 March 2015. .................. 17

Figure 4. Number of identified taxa in each site, during the two nigths of sampling, at

taxonomic family, genera and species 1eVel. ........cccoeviiiiiiiieiiiienieceee e 20



38

39

40

41

42

43

44

45

46

47

48

LIST OF TABLES

Table 1. The distance to water sources in each of the 10 sites, in kilometers. The sites
were aligned along two line transects, with five sites in each one: 0500L — 4500L and
0500W — 4500W. A watercourse crosses between the first two sites of each transect

(view Figure 2 for more detailS) ......c.cooiieiieiieiiieiieeieeeeeeee e 22

Table 2. Insectivorous bat species recorded in the Parque Estadual de Terra Ronca
(PETeR) classified in terms of foraging guilds. Insectivorous bats from uncluttered
spaces, with 23 species, and insectivorous bats from background — cluttered spaces,

With 21 SPECies TECOTACA. ....c.vieiuiiiiieiiieiieiie ettt ettt saee b e e seeeeneees 36



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

LIST OF APPENDICES

Appendix 1. Cumulative renderized NDVI images for each sampled site, with 15 x 15m
of resolution. Landsat 8 OLI sensor data extracted from the USGS data set, in 11
February 2015, with 6% of cloud cover and UTM projected. The red letters represent
the eigth landscape scales: A = 300m, B = 250m, C = 200m, D = 150m, E = 100m, F =

75m, G=50m and H = 251 ..oooiiiiiiiiiiiee et 35

Appendix 2. Distribution of pixel values from the NDVI raster image for each of the
eight spacial scale adopted. NDVI index can achieve a range of values, from -1 to +1.
The near to +1 is the pixel value; the greener is the observed area. The histograms are
shown in the following order of scale: 300m, 250m, 200m, 150m, 100m, 75m, 50m and

2500, ettt e 38

Appendix 3. NDVI single band images of the eight landscape scales taken from
Landsat 8 OLI sensor, in 11 February 2015, with 6% of cloud cover and pixel length of

5x5m. Scales increase from the left to right: 25m, 50m, 75m, 100m, 150m, 200m, 250m



67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

ABSTRACT

Cerrado is the second biggest biome in Brazil, characterized by a mosaic of
phytophysiognomies. However, it has been severely threatened due to intensive human
actions, which promote native vegetation suppression to multiple land uses. Considering
those constant anthropical pressures, information on the wildlife responses to vegetation
structure is essencial, especially in Cerrado. In this context, the present study aimed to
evaluate to what extent vegetation structure strongly influences the activity and species
composition of insectivorous bats in a protected area surrounded by agriculture.
Insectivorous bat passes were analyzed using the software Avisoft SASLab Pro. After,
echolotaion passes and feeding buzzes were counted to estimate bat activity and buzz
ratio, respectively, in each site. We then identified the passes at species level based on
specific literature. To estimate percentage of vegetation cover, we processed satellite
images in the QGIS 3.6.3 software to each of the eight circular landscapes scales (25m —
300m in radius). We then modelled the relationship between bat activity and percentage
of vegetation cover. Overwall, 4.993 insectivorous bat passes were counted, 15.5%
(773) TAU and 70.3% (3.511) TAB passes. The results showed bat activity difference
between the guilds (p — value = 0.03423), but no discrenpancy in terms of taxonomic
family, as expected. NDVI values revealed low active biomass in all the sites,
characterizing grassland areas predominantly, with sparse shrub and herbaceous
vegetation in minor percentage. In opposition to the expected, there was no strong
correlation between bat activity and percentage of vegetation cover to scales smaller up
to 300m in radius. These results suggest that the use of spatial scales relatively larger
than those used may be more appropriate and informative to investigate the response of

insectivorous bats to vegetation cover in predominant grassland savannah formations. In
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addition, insectivorous bats may respond stronger to vegetation structure than only
percent vegetation cover and distance to water sources. Thus, it is recommended to

evaluate aerial insectivorous responses to vegetation at multiple scales.

Key words: Guilds, acoustic activity, echolocation, Chiroptera, Cerrado.
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RESUMO

O Cerrado ¢ o segundo maior bioma do pais, marcado por um mosaico de
fitofisionomias. No entanto, este tem sido severamente ameacado devido a supressao da
vegetacdo nativa para usos multiplos. Diante dessas constantes pressdes, informagdes
acerca da resposta da fauna silvestre as mudancas na estrutura da vegetagdo sdo
essenciais, especialmente no Cerrado. O presente estudo visou avaliar a extensdo pela
qual a estrutura da vegetacdo nativa exerce influéncia sobre a atividade e composicao de
morcegos insetivoros em uma area de protecdo circundada por atividade agricola.
Passes emitidos por morcegos insetivoros foram analisados e contabilizados utilizando
— se o software Avisoft SASLab Pro, a fim de se estimar a atividade desses morcegos
nos pontos amostrados. Para identificagdo no nivel de espécie, tais dados foram
comparados a literatura cientifica especifica. A percentagem de cobertura da vegetacdo
para cada uma das escalas (25m — 300m de raio) foi estimada a partir de imagens de
satélite e analisadas no software QGIS 3.6.3. Modelos lineares generalizados foram
gerados a fim de se analisar a relagdo entre atividade de morcegos e a porcentagem de
cobertura vegetal. Ao todo, foram contabilizados 4.993 passes de morcegos insetivoros,
sendo 15,5% (773) de morcegos de areas abertas e 70,3% (3,511) de morcegos de areas
de borda. Os resultados demonstraram que a atividade de morcegos entre os grupos
diferiu (p — value = 0,03423), fato ndo foi observado entre as familias taxondmicas. Os
valores de NDVI indicaram presenca de vegetacdo predominantemente caracterizada
por formagdes campestres, com presenca de manchas esparsas de formacdo savanica
herbaceo — arbustivas em todos os pontos amostrados. Nao houve, dessa forma. forte
correlacdo entre atividade de morcegos e porcentagem de cobertura vegetal em todas as

escalas menores que 300m de raio. Tais resultados sugerem que a utilizagdo de escalas
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espaciais relativamente maiores as utilizadas podem ser mais informativas para
investigar a resposta de morcegos insetivoros a cobertura vegetal em fitofisionomias
savanicas com predominancia de formagdes campestres. Ainda, ¢ possivel que a
atividade de morcegos insetivoros aéreos seja mais fortemente associada a outras
variaveis ambientais ndo analisadas no presente estudo, como a estrutura da vegetagao.
Dessa forma, recomenda—se avaliar a resposta de morcegos insetivoros aéreos a

vegetacdo sob multiplas escalas espaciais

Palavras - chave: Guildas, atividade actstica, ecolocalizagdo, Chiroptera, Cerrado.
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INTRODUCTION

Bats: diversity and ecosystem services

Cerrado is the second largest biome in Brazil, comprising about 22% of the
Brazilian territory (Sano et al, 2010). It is a complex mosaic of grassland, savannah and
forest environments (Ribeiro & Walter, 2008). Due to its high environment
heterogeneity, this biome provides multiple resources to wildlife, such as food, roost
and protection against predators and antrophic disturbs. All these factors acting together
contribute to high endemism of plant and animal species, which make Cerrado one of
the species - richest tropical savannah in the world (Myers et al, 2000). Despite this, the
biome is considered one of the 25-biodiversity hotspots in the world. Multiple factors
have been contributing to Cerrado vegetation suppression and landscape fragmentation:
intensive human activities - mostly agricultural practices, charcoal, unbridled

urbanization and seasonal burnings (Klink & Machado, 2005).

Bats (Mammalia: Chiroptera) are widely spread throughout the globe. They
represent over 22% of the global extant mammals diversity (BCI, 2018). Brazil has the
second highest richness of bat species worldwide, distributed in nine families, 69 genera
and 182 species formally described. From these species, over 55% are classified as
insectivorous bats (SBEQ, 2018). In the Cerrado, this taxon represents the second
highest mammal diversity, after rodents, with 103 species listed at the date (Aguiar &
Zortéa, 2008). Phyllostomidae is the predominant family, counting 55 species in total,
followed by Molossidae, represented by 20 species, and Vespertilionidae, with 12
species. Nevertheless, according to Bernard et al (2011), information on the occurrence

and distribution of bats remain fragmented or minimally surveyed in Brazil.
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Besides its high species diversity, bats provide important ecological and
socioeconomic roles through their varied diet (Kunz et al, 2011; Ghanem & Voigt,
2012). Fruit — eating bats and nectar — drinking bats pollinate flowers of many plant
species of socioeconomic value, as the pequi tree (Gribel & Hay, 1993) and the passion
flower (Sazima & Sazima, 1978). They also act as seed disperser of pionner plants,
promoting early ecological succession of degraded environments (Muscarella &
Fleming, 2007; Sato et al, 2008; Quesada et al, 2009). Insect — eating bats are key
biological controlers of pest insects, (Cleveland et al, 2006; Aguiar & Antonini, 2008;
Boyles et al, 2011), leading to crop yield improvement in tropical agroforestry systems
(Maas et al, 2013) and to food security (Wanger et al, 2014), for example. Bats has also
assumed a significant importance in the human rabies epidemiology in Americas, as

they are rabies virus vector (Dantas — Torres, 2008).

Bat bioacustics and study techniques

While navigating in space, most bats use a sophisticated sensory system, called
echolocation (Griffin, 1944; Grinnell & Griffin, 1958). This complex mechanism works
by processing discrepancies in pulse — to — pulse interval of durantion and in frequency
between the emited calls and its echoes. Through navigation calls — calls emited during
bat navigation phase, echolocating bats recognize the environment multidimentionally
with accuracy and precision (Fenton et al, 2012; Denzinger et al, 2016). As acoustic
signatures, bat signals can recognize the presence of obstacles and surfaces, position,
distance and even the texture of preys. Moreover, some echolocating bats are able to
recognize conspecific and heterospecific individuals, demonstrating a dual function of

echolocation calls (Voight — Heucke et al, 2011).
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Adapted to different habitat types, bats can forage under different clutter
conditions (Kalko et al, 1996). Using information on their hunting strategies, habitat
preferences and call designs, it is possible to classify them in groups with ecological
similarities (Schnitzler & Kalko, 2001; Schnitzler et al, 2003; Denzinger & Schnitzler,
2013). Aerial uncluttered space bats, for example, usually search for flying insects high
above vegetation and far from obstacles, while aerial background — cluttered space bats
are normally associated to edge spaces, hunting mainly insects that fly near foliage or
water surfaces (Appendix.l). Bats that forage in these places generally roost inside
forests and explore the edges or fly over the water to prey aquisition. On the other hand,
aerial highly cluttered bats generally explore narrow spaces, with dense and highly
conected canopy, usually close to surfaces and within vegetation (Aldridge &
Rautenbach, 1987; Neuweiler, 1989). Bats can also show another foraging strategies
and habitat preferences, yet I focused on insectivorous bats, which are poorly captured

in conventional trapping techniques.

An efficient and non - invasive alternative to conventional trapping techniques is
the use of bioacoustic methods. Studies on bat bioacoustics are widespread in developed
countries, where most of them has well - stablished bat acoustic inventories (EBC,
2013; BCT, 2019). On the other hand, most of the Neotropical countries have
significant bat biodiversity, yet lack information on their bat acoustic repertoire. This
fact is mostly due to the high cost of acoustic equipment, which makes them even more
unfeasible to developing countries. Another reason is that, in general, insectivorous bats
either fly high above vegetation or tend to detect traps and, consequently, avoid them
(Berry et al, 2004; Hourigan et al, 2008; Linttot et al, 2013). Also, they are generally
difficult to assess in certain habitats, because of their nocturnal habit, small bodies and

fly maneuverability (Barclay & Brigham, 1991).

11
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Only since the last years, this scenario has progressively changed. Bat acoustic
equipment and sound softwares became more affordable and widespread, especially in
developing countries. Such innovation led to multiple advantages, such as the
identification of new bat species, improving bat inventories (Ochoa et al/, 2000; Rydell
et al, 2002; MacSwiney et al, 2008; Barquez et al, 2009; Briones — Salas et al, 2013);
the elaboration of local acoustic libraries and guides (Zamora-Gutierrez et al, 2016;
Arias — Aguilar et al, 2018); the monitoring of bat distribution (Espinal & Mora, 2012);
the study of geographic variations of bat acoustic patterns (Gillam & McCracken, 2007;
Heer et al, 2015; Jiang et al, 2015; Oliveira et al, 2018); and the evaluation of
anthropical impacts on bat activity and diversity (Ahlén, 2003; Estrada — Villegas et al,

2010; Long 2011; Bernard et al, 2014; Bader et al, 2015; Bunkley et al, 2015).

Researchers have been making efforts on how insectivorous bats deal with
landscapes with different levels of structural complexity. From those studies, it was
found that aerial insectivorous bats often produce constant frequency calls (CF) with
long pulse duration, which allow them to detect prey quickly and at long distances
during the flight (Kalko et al, 1996; Schnitzler & Kalko, 2001; Appendix.1). On the
other hand, quasi — constant frequency calls (qCF) are frequently related to spaces with
some degree of clutter, often edge of vegetation or water surfaces (Appendix.1). In the
Neotropical region, Mormoopidae bats are the main representatives of qCF calls, with
long duration and high duty cycle (Mora & Macias, 2011; Mora et al, 2013). Some
authors also argument that, despite being aerial insectivorous, Molossidae bats
developed high acoustic plasticity, and can either emit frequency modulated (FM) or

qCF calls, depending on clutter degree (Schnitzler & Kalko, 2001; Fenton, 2013).

Besides the aforementioned contributions, the effect of habitat structure on

insectivorous Brazilian bats remains unclear and poorly studied. It is known that bat

12
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assemblages are direct and indirect associated to vegetation structure, composition and
complexity. Although, it is urgent to develop researches focused on assessing how the
surrounding vegetation structure influences insectivorous bat activity, especially in
Cerrado, which has been progressively threatned over the years. Thus, I developed the
present study in order to better understand to what extent insectivorous bats strongly
respond to different spacial small — scales. Information about this matter contributes to
subsidize management plans in Cerrado, especially those involving the suppression or

addition of vegetation.

OBJECTIVES

The objectives of my study was established to examinate two hyphoteses:

H; : Bat activity and buzz ratio of insectivorous aerial bats of background - cluttered
spaces (IAB) are positively influenced by percentage of vegetation cover and negatively

influenced by distance to water sources, and

H; : Bat activity and buzz ratio of insectivorous aerial bats of uncluttered spaces (IAU)
are negatively influenced by percentage of vegetation cover and positively influenced

by distance to water sources.

The specific objectives are:

1. Survey acoustically the species richness of the Parque Estadual de Terra Ronca in
terms of insectivorous non — Phillostomidae bats;
2. Correlate bat activity and buzz ratio to percent vegetation cover in each of the 10

sampled sites

13
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3. Evaluate the scale of effect that stronger influences insectivorous bat response to

vegetation cover.

MATERIAL & METHODS

Study area. The study was carried out in the eastern portion of the Parque Estadual de
Terra Ronca (PETeR), a fully — protected area located in Sao Domingos, 350km from
Brasilia, central Brazil (Fig.1). The region is predominantly characterized by cerrado
sensu stricto (savannah formation) and grasslands, with sparse veredas (palm swamps)
and gallery forests near water courses (riparian vegetation) (IBGE, 1995). The park has
numerous karstic landscapes, with complexes of caverns and small caves that provide
ecoturism activities (Lino & Allievi, 1980). It is also located in a region that includes
the watershed of the Sdo Francisco and Tocantins hydrographic basins (IBGE, 1995).
According to the Koppen—Geiger system, the climate is classified as Aw, tropical
humid, with average annual precipitation of 1677mm and average temperature of 24.9°
C. There are two distinct climatic seasons, a wet summer (October - April) and a dry

winter (May - September).

14
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Field study. Two sampling nights were conducted during the wet summer of 2015 using
the “rapid survey” method (Walter & Guarino, 2006). We used 10 ultrasound recorders
(SM2BAT+ 384kHz, Wildlife Acoustics) connected to one unidirectional microphone
(SMX — US, Wildlife Acoustics) each, settled to work from 18:00 to 06:00 each night.
The ultrasound recorders were placed along two parallel line-transects of Skm, distant
1km to each other. We positioned them at 45° to the parallel axis to the ground, at 3m of
heigh, removing all obstacles near the microphones. Recorders were triggered at
minimum thresholds of 7kHz of frequency and 12dB of intensity, which correspond to

the aimed acoustic spectrum.

70°0'W 45°0'W 20°0'W 5°0E

15°0'N
15°0N

5°0'S

45°0'S

70°0'W 45°0'W 20°0'W 5°0E

Figure 1 : The Parque Estadual de Terra Ronca (PETeR), located in the municipality of Sio Domingos,
Goias State, central Brazil. Study area location is represented by the black star icon, in the easthern region

of PETeR territory.

Data collection. Each sound file was manually analyzed and measured using the sound

analysis software Avisoft SASlab Pro (Avisoft Bioacoustics). After, we counted them to

15
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estimate bat activity at each site. Average values of at least three consecutive
echolocation pulses from navigation phase (Fenton, 1970) were measured and tabled.
Therefore, We considered the following acoustic parameters: start frequency, final
frequency, peak frequency, pulse duration, interpulse duration, dominant acoustic
harmonic, repetition rate and duty cycle. Then, these data were compared to specific
literature to identify the signals at species level, when possible (Barclay, 1983; Jung et
al, 2014; Arias — Aguilar et al, 2018). We also calculated the buzz ratio at a site as:
BRgite = FBguila / FBsite, Where FBguiig represents the number of feeding buzzes of a guild
in a site and FBgj the total feeding buzzes in the related site. Calls from insectivorous
Phyllostomidae bats were not considered to the study, due to poor information on its
acoustics. Moreover, these bats are usually low — fligh, trawling hunters, which makes

them easily captured by mist — nets.

Percent vegetation cover. Digital images from Landsat 8 (USGS data set) were
extracted, with maximum cloud cover up to 10%, dated in February 11, 2015. Red and
near infrared spectral bands (TM4, 630 — 690nm and TM5, 760 — 900nm, respectively)
were analyzed in the QGIS 3.6.3 software. I then generated UTM projected images
(EPSG: 32623, WGS 84), based on GPS coordenates along the sites. I calculated the
Normalized Difference Vegetation Index (NDVI) to each of the eight circular landscape
scales: 25m, 50m, 75m, 100m, 150m, 200m, 250m and 300m in radius (Fig. 2). The
NDVI index was calculated based on spectral reflectance data using the formulae:
NDVI index = (NIR — RED) / (NIR + RED), where NIR and RED represent red and
near infrared reflectance values. Many studies have found satisfatory results using
NDVI values to estimate percentage of vegetation cover, as there is a positive

correlation between vegetation cover and leaf area, green phytomass and gross primary

16
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Map legend

Wl —  Watersheds boundaries
== Study area
+ Sampled sites
== PETeR boundaries
Goiis State boundaries
300m buffers

Figure 2. Study area in the PETeR, produced from merged digital images of the spectral bands of red
(B3) and near infrared (BS). Landsat 8 OLI sensor data extracted from the USGS data set, in 11 February

2015, with 6% of cloud cover and UTM projected.

production (Tucker, 1985; Purevdorj et al, 1998). We then estimated the scale of effect
as the radius with both a strong relationship between bat activity and percent tree cover
and a good fit of the data to the model. For this analysis, I considered only sites with at

least 30 records from each guild, and species with at least 10 records.

Statistical analysis. Acoustic data were tabulated and its distribution was checked using
the Shapiro — Wilk normality test (R language version 3.6.0, nortest package). To
compare bat activity and buzz ratio between the guilds, I ran a two — sample Mann —
Whitney U test and a non — parametric t — test, respectively. Kruskal — Wallis tests
(vegan package in R) were run to evaluate bat activity and buzz ratio diferences
between the four predominant families and also to compare species richness between

the sites, followed by the post hoc Dunn test (Bonferroni method). For all
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aforementioned tests, I considered a standartized probability value of p < 0.05. I also
generated generalized linear models (GLMs) to evaluate if bat activity (at guild and
species level) and buzz ratio (at species level only) are influenced by the explanatory
variable of percentage of vegetation cover. Models were checked, validated and ranked

according to the Akaike Information Criterion (AIC).

RESULTS

During the study, 91% over a total of 3,772 sound files registered presence of
insectivorous bats, belonging to six families (Appendix 1). The Molossidae was the
most diverse family, with a total of 20 species (about 40% of the total registered),
followed by Emballonuridae and Vespertilionidae, both composed by 10 species.
Despite its lower species - richness (Pteronotus gymnonotus, Pteronotus cf parnellii and
Pteronotus personatus), Mormoopidae concentrated about 5% (183 files).
Noctilionidae (Noctilio leporinus) and Thyropteridae (Tryroptera sp.), with one species
both, were registered twice during all the study. Eumops auripendulus, Eumops
dabbenei, Histiotus laephotis, Histiotus velatus and Molossops mattogrossensis had a

single record each.

Forty — five different call designs were identified at species level, grouped in
two foraging guilds: insectivorous bats of uncluttered spaces (IAU) — 23 species — and
insectivorous bats of background cluttered spaces (IAB) — 21 species (Appendix 1).
Pteronotus cf parnellii was not included in any guild, as it was the only aerial highly
cluttered space bat registered. Calls identified only at genera or family were also not

included in any guild, as they might result in some incertainty on foraging strategy
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information. The Vespertilionidae family, for example, has both IAB and IAU species.

The same occurs within some genera, such as Lasiurus and Pteronotus.

Bat activity in terms of taxonomic family
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Figure 3. Relative bat activity of each predominant taxonomic family, present in all sampled sites, during

the nights of 12 February 2015 and 07 March 2015.

Bat activity was distinct between some of the sampled groups. Over 4,993 bat
passes counted, about 62% (2,820 passes) were emited by Emballonuridae bats, 16.3%
(739) Molossidae and 16.4% (738 passes) Vespertilionidae bats (Fig.3). Although, the
Kruskal — Wallis test found no difference between these families (X2 = 5.6571, df = 3,
p— value = 0.1295) considering bat activity. In terms of foraging guild, IAB bats
corresponded to over 80% (3.511 passes) of total bat activity, and it was significantly
different and higher in all the 10 sampled sites (W = 21.5, p — value = 0.03423, Fig. 4).
Despite being the only highly cluttered spaces bat species, Pteronotus cf parnellii
activity summed 86 passes, aproximately 2% of total passes. The buzz ratio was distinct

only between Emballonuridae and Mormoopidae families (Z = 3.9740, p — value
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<0.001). On the other hand, the non — parametric t — test revealed no difference in buzz

ratio between the guilds (t = - 0.7964, p — value = 0.4362).
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Figure 4. Number of identified taxa in each site, during the two nigths of sampling,, at taxonomic family,

genera and species level.

Total sampling effort for the study was 240 hours of recording, 12 hours each
night per ultrasound recorder. The highest richness was found at 1500L and 2500L, with
29 species listed each, followed by 2500W, with 26, 3500L and 4500L, with 23 each.
The 3500W was characterized by the lowest richness, with 10 species recorded only

(Fig. 4).

Comparing all the ten sites, the pairwise Dunn test showed significant species
richness differences between 0500L and 2500W (Z = - 4.7145, p — value = 0.0199),
2500W and 4500W (Z = - 4.8966, p — value = 0.0296), 2500L and 3500W (Z = 4.9055,
p — value = 0.0286) and 2500W and 3500W (Z = 5.2110, p — value = 0.0210). No

diferences were found between the other sites in terms of species richness.

Vegetation cover values ranged from — 0.0617 to 0.0351 (Appendix 3). The

0500L site presented the highest average vegetation amount, with 0.0137, followed by
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the 2500L, with — 0.0181 and the 3500W, with — 0.0214. The distribution of pixel
values (Appendix 2) revealed low cumulative active biomass in all the sites, which
characterizes areas with sparse vegetation, grasslands with some exposed ground
patches, water surfaces, or burned areas. Despite the low average pixel values for all
sites, the areas contain, even in lesser percentage, patches of greener areas, such as
grassland savannah and, in minor quantity, small patches of sparse shrub herbaceous
vegetation (Rouse et al, 1974). Considering the distance to water sources, although they
look visually distincts (Tab.1), the Kruskal — Wallis test showed no difference between

all the sites (X* =9, df =9, p — value = 0.437).

Site Distance to water (km)
0500L 0.537
1500L 0.211
2500L 0.405
3500L 0.704
4500L 1.370
0500W 1.665
1500W 2.362
2500W 2.617
3500W 3.378
4500W 3.566

Table 1. The distance to water sources in each of the 10 sites, in kilometers. The sites were aligned along
two line transects, with five sites in each one: 0500L — 4500L and 0500W — 4500W. A watercourse

crosses between the first two sites of each transect (view Figure 2 for more details).

For the guild models, I excluded the 0500L and 3500W sites, as they had less
than 30 bat records in both or one of the groups, with 21 IAU and 24 IAB in the 0500L
site and 12 TAU and 31 IAB in the 3500W. For the species modelling, I removed all
species that had less than five records in the site. Additionally, the buzz ratio was not
modelled, as it did not show any difference between the guilds (t = - 0.7964, p — value =
0.4362). For the species models, I excluded all species with less than five records in a

site. Buzz ratio was different between some species, and for this reason, it was included
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in the species modelling only. Also, the vegetation cover values were log — transformed.
Six generalized linear Poisson models were then generated and adjusted, after checking
for residuals distribution. Among them, two models had a good — fit, both included the
explanatory variable vegetation cover (Activitygiq ~ Veg Cover and Activityspecies ~

Veg Cover).

DISCUSSION

The results on species richness were partially consistent with the expected, based
on Nogueira et al (2014) Brazilian bat checklist. Molossidae was the richest family,
followed by Vespertilionidae and Emballonuridae. According to Bichuette et al (2018)
review, which upgraded a checklist of bats from Distrito Federal and Goids state,
overwall 66 species are formally recorded in those areas. These study, though, didn’t
compile data from bioacoustic methods, which may provide additional information on
the subject. The present study recorded 24 bat species not formally listed before in the
Goids State, according to Bichuette and colaborators review: Diclidurus albus,
Peropteryx kappleri, P. leucoptera/palidoptera, P. trinitatis, Cynomops greenhalli,
Eumops auripendulus, E. dabbenei, E. glaucinus, E. nanus, E. perotis, Molossops
neglectus, Molossus currentium, M. rufus, M. sinaloae, Nyctinomops laticaudatus, N.
macrotis, Promops centralis, P. nasutus, Tadarida brasiliensis, Pteronotus personatus,

Mpyotis albescens, M. lavali, M. riparius and M. ruber.

The present data suggest that bat diversity in the Goias state might be higher in
comparison to current data available to the region. It is known that local distribution of

many Neotropical insectivorous bats remain largely unknown, with sparse and
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fragmented information on the occurence and distribution of some species in all biomes
(Bernard et al, 2011). Some studies reviewed species distribution and indicated no
occurence of some of them in the Cerrado biome, such as P. leucoptera and C.
greenhalli, both with formally occurence in the Amazon and Atlantic Forest biomes
(Mikalauskas et al, 2014; Solari, 2015). E. dabbenei is listed to occur in the Pantanal
biome, yet no report is konwn for the Cerrado at the date (Fischer et al, 2015). Some
authors listed species in other states in central Brazil, as D. Albus, with few records of in
the State of Bahia (Ferreira et al, 2013) and P. trinitatis, in the Mato Grosso (Santos et
al, 2016). Coelho & Leal (2009) reported the closest evidence of E. auripendulus, in the
municipality of Uberaba, Minas Gerais State. The southern records of E. perotis in
Brazil come from the States of Mato Grosso, Minas Gerais, Rio de Janeiro, Sdo Paulo
and Rio Grande do Sul (Suckow et al, 2010). Also, Tavares et al (2010) reported the

occurence of M. currentium in the state of Minas Gerais.

Bat activity results indicated differential echolocation call emitions within the
taxonomic families. Despite its highest number of species, Molossidae showed no
difference in comparison to Emballonuridae and Vespertilionidae. Mormoopidae,
Noctilionidae and Thyropteridae bats had the lowest absolute and relative bat activities,
which can be explained by their low species richness, with three Momorrpidae species
(Pteronotus gymnonotus, P. parnellii and P. personatus), one Noctilionidae (Noctilio
leporinus) and one Thyropteridae (Thyroptera sp.). Another point to consider is that V.
leporinus is not a strictly insect — eating species, and also feed on small fish, anphibians
and small invertebrates (Bordignon, 2006). Additionaly, N. leporinus is often found
near water courses and riverside vegetation, where they catch their preys near the water
surface. On the other hand, Thyropteridae bats are hard to detect, as they emit low —

intensity echolocation calls, and propagate at very short distances in the air. Due to this,
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these bats can only be accurately recorded very close to the microphones, usually at 20

to 30 cm from them (Fenton et al, 1999).

Insectivorous bats from background — cluttered space concentrated expressive
number of echolocating passes overwall, revealing significant difference in comparison
to insectivorous bats from uncluttered spaces. These data possibly indicate that, despite
the low active biomass in all sites (low average NDVI values), relative cluttered
vegetation structure distributed in small patches may be determining the presence of
certain species in detriment to the others. This can be corroborated by the number of
IAB species in the sites, which represent the species richness majority in most of the
sites. Additionally, the buzz ratio analyses indicated higher hunting activity of

insectivorous aerial bats from background — cluttered spaces in almost all sites.

In opposition to the expected, the Poisson models for both guild and species
level indicated a positive, but weak influence of the vegetation cover on bat activity at
300m scale (p = 0.302). The average vegetation cover of the sites was not significantly
different in almost all scales, even with the presence of few patches of sparse
vegetation, as in the 0500L site. Bats are flying mammals and some of them are able to
travel long distances in a single night. For this reason, the measured distances to water
sources may not be substantially perceived by insectivorous aerial bats, even if it may
represent significant changes in the surrounding vegetation in some cases. The present
results also suggest that the use of spatial scales relatively larger than those used may be
more appropriate and informative to investigate the response of insectivorous bats to
vegetation cover in predominant grassland savannah formations. In addition,

insectivorous bats may respond stronger to vegetation structure than only percent
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vegetation cover and distance to water sources. Thus, it is recommended to evaluate

aerial insectivorous responses to vegetation at multiple dimentions.

CONCLUSION REMARKS

The present study was the first acoustic survey on insectivorous bats of the
Parque Estadual de Terra Ronca. These data provided additional information on bat
species richness of the Goids State, which reaffirms the importance of multiple
approaches studies. As explained by Bernard et al (2011), there is an urgent need to
promote studies focus on bat occurence and distribution in Brazil. It is important to
emphasize that, although the acoustic methods allow a non - invasive sampling of
insectivorous bats, such information must be validated through the capture of these

individuals to validate their occurence.

An alternative to it is the combination of traditional capture techniques and
acoustic methods, which has gained some attention over the last years. Acoustic
equipment have been more affordable and widespread, although, it is important to
choose multiple approaches over a single one, as they may provide a larger and accurate
sampling range for Brazilian bat diversity.Another alternative, but less affordable, is the
use of acoustic lures to attract high — flying bats to the mist nets or harp traps. which
had effective results in some developed countries, as the United States of America
(Quackenbush et al, 2016; Braun de Torrez et al, 2017), British (Hill & Greenaway,
2005), Basque Country (Goiti et al, 2007), Scotland (Linttot et al, 2013), Norway

(Michaelsen et al, 2011), Japan (Hill et al, 2014) and Australia (Hill et al, 2015).
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Vegetation features influence direct and indirect insectivorous bats, as shown in
the literature. Nevertheless, the responses of this group to vegetation cover is still
uncertain at small geographical scales, especially in the Cerrado biome,. Additionally,
the PETeR is a fully — protected park with karstic formations that provide roosts for
some of the surveyed species, as P. macrotis and P. parnellii, which naturally ocupies
the interior and entrances of caves (Bordignon, 2006; Trajano, 2012). Information about
the dimensions on which associated fauna better responds to vegetation features in
protected areas can provide subsidies for management actions, especially in areas with

either suppression or replacement of native vegetation.

26



REFERENCES

ADAMS, Maria D.; LAW, Bradley S.; FRENCH, Kris O. Vegetation structure influences the vertical
stratification of open-and edge-space aerial-foraging bats in harvested forests. Forest Ecology and
Management, v. 258, n. 9, p. 2090-2100, 2009.

AGUIAR, Ludmilla; ANTONINI, Yasmine. Diet of two sympatric insectivores bats (Chiroptera:
Vespertilionidae) in the Cerrado of Central Brazil. Revista Brasileira de Zoologia, v. 25, n. 1, p. 28-
31, 2008.

AGUIAR, L. M. S.; CAMARGO, AJA de; MOREIRA, J. R. Servigos ecoldgicos prestados pela fauna na
agricultura do Cerrado. Cerrado: desafios e oportunidades para o desenvolvimento sustentavel,
Embrapa Cerrados, Brasilia, p. 193-228, 2008.

AGUIAR, L. M. S.; ZORTEA, M. A diversidade de morcegos conhecida para o Cerrado. Simpésio
Nacional Cerrado & Simpoésio Internacional Savanas Tropicais, Brasilia, DF. Desafios e
estratégias para o equilibrio entre sociedade, agronegécio e recursos naturais: anais. Embrapa
Cerrados, Planaltina, DF, 2008.

AGUIAR, Ludmilla MS et al. Should I stay or should I go? Climate change effects on the future of
Neotropical savannah bats. Global Ecology and Conservation, v. 5, p. 22-33, 2016.

AHLEN, Ingemar. Wind turbines and bats—a pilot study. Report prepared for the Swedish National
Energy Administration, 2003.

ALDRIDGE, H. D. J. N.; RAUTENBACH, I. L. Morphology, echolocation and resource partitioning in
insectivorous bats. The Journal of Animal Ecology, p. 763-778, 1987.

ALPIZAR, Priscilla et al. Efecto de los claros de bosque en la composicién de murciélagos insectivoros
en la Reserva Bioldgica la Tirimbina, Sarapiqui, Costa Rica. Revista Biodiversidad Neotropical, v.
2,n.2,p. 137-138, 2012.

ARIAS-AGUILAR, Adriana et al. Who’s calling? Acoustic identification of Brazilian bats. Mammal
Research, v. 63, n. 3, p. 231-253, 2018.

BADER, Elias et al. Mobility explains the response of aerial insectivorous bats to anthropogenic habitat
change in the Neotropics. Biological Conservation, v. 186, p. 97-106, 2015.

BARCLAY, Robert MR. Echolocation calls of emballonurid bats from Panama. Journal of
Comparative Physiology, v. 151, n. 4, p. 515-520, 1983.

BARCLAY, Robert MR; BRIGHAM, R. Mark. Prey detection, dietary niche breadth, and body size in
bats: why are aerial insectivorous bats so small?. The American Naturalist, v. 137, n. 5, p. 693-703,
1991.

BRAUN DE TORREZ, Elizabeth C. et al. Acoustic lure allows for capture of a high-flying, endangered
bat. Wildlife Society Bulletin, v. 41, n. 2, p. 322-328, 2017.

BARQUEZ, Rubén M.; SANCHEZ, Mariano S.; BRACAMONTE, J. César. Nueva especie de Eptesicus
(CHIROPTERA, VESPERTILIONIDAE) para Argentina. Mastozoologia neotropical, v. 16, n. 1,
2009.

BCI (2018) Bat Conservation International. http://www.batcon.org [Acessed at June 2019-06-05].

BCT (2019) Bat Conservation Trust. http://www.bats.org.uk [Acessed at June 2019-06-05].

BERNARD, Enrico; AGUIAR, Ludmilla MS; MACHADO, Ricardo B. Discovering the Brazilian bat
fauna: a task for two centuries?. Mammal Review, v. 41, n. 1, p. 23-39, 2011.

27



BERNARD, Enrico et al. Blown in the wind: bats and wind farms in Brazil. Natureza & Conservacao,
v.12,n.2,p. 106-111, 2014.

BERRY, Nicholas et al. Detection and avoidance of harp traps by echolocating bats. Acta
Chiropterologica, v. 6, n. 2, p. 335-346, 2004.

BORDIGNON, Marcelo O. Diet of the fishing bat Noctilio leporinus (Linnaeus)(Mammalia, Chiroptera)
in a mangrove area of southern Brazil. Revista Brasileira de Zoologia, v. 23, n. 1, p. 256-260, 2006.

BOYLES, Justin G. et al. Economic importance of bats in agriculture. Science, v. 332, n. 6025, p. 41-42,
2011.

BRIONES-SALAS, Miguel; PERALTA-PEREZ, Mario; GARCIA-LUIS, Margarita. Acoustic
characterization of new species of bats for the State of Oaxaca, Mexico. Therya, v. 4, n. 1, p. 15-32,
2013.

BUNKLEY, Jessie P. et al. Anthropogenic noise alters bat activity levels and echolocation calls. Global
Ecology and Conservation, v. 3, p. 62-71, 2015.

CLEVELAND, Cutler J. et al. Economic value of the pest control service provided by Brazilian free-
tailed bats in south-central Texas. Frontiers in Ecology and the Environment, v. 4, n. 5, p. 238-243,
2006.

COELHO, Virginia Oliveira; LEAL, Marcio Olimpio Reis. Lista de quiropteros de Uberaba.
https://www.taxeus.com.br/lista/1119. [Acessed at June 2019 - 06-18].

DA SILVA, Joao Paulo Antunes; CARVALHO, Adriana Rosa; DE OLIVEIRA MOTTA, José Augusto.
Fauna de morcegos (Mammalia, Chiroptera) em cavernas do bioma Cerrado na regido de Indiara
(Goias). Revista Brasileira de Zoociéncias, v. 11, n. 3, 2009.

DALPONTE, Julio C. et al. Bat survey of the lower Juruena River and five new records for the state of
Mato Grosso, Brazil. Acta Amazonica, v. 46, n. 2, p. 227-232, 2016.

DANTAS-TORRES, F. Bats and their role in human rabies epidemiology in the Americas. Journal of
Venomous Animals and Toxins including Tropical Diseases, v. 14, n. 2, p. 193-202, 2008.

DENNY, Mark. The physics of bat echolocation: signal processing techniques. American Journal of
Physics, v. 72, n. 12, p. 1465-1477, 2004.

DENZINGER, Annette; SCHNITZLER, Hans-Ulrich. Bat guilds, a concept to classify the highly diverse
foraging and echolocation behaviors of microchiropteran bats. Frontiers in physiology, v. 4, p. 164,
2013.

DENZINGER, Annette et al. Guild structure and niche differentiation in echolocating bats. In: Bat
bioacoustics. Springer, New York, NY, 2016. p. 141-166.

DOS SANTOS, Adriano Silva; SILVA, Daiana Cardoso; DE CASSIA FARIA, Karina. Peropteryx
trinitatis Miller, 1899 (Chiroptera, Emballonuridae): first record in central Brazil and revised
distribution map. Check List, v. 12, n. 6, p. 1992, 2016.

EBC (2013) European Bat Calls. http://www.batcalls.org [Acessed at June 2019-06-05] [Acessed at June
2019-06-05].

ESPINAL, Mario; MORA, José¢ Manuel. Ampliacion en la distribucion de cinco especies de murciélagos
en Honduras basada en deteccion por medios acusticos. Ceiba, v. 53, n. 1, p. 30-37, 2012.

ESTRADA-VILLEGAS, Sergio; MEYER, Christoph FJ; KALKO, Elisabeth KV. Effects of tropical

forest fragmentation on aerial insectivorous bats in a land-bridge island system. Biological
Conservation, v. 143, n. 3, p. 597-608, 2010.

28



FENTON, M. Brock. A technique for monitoring bat activity with results obtained from different
environments in southern Ontario. Canadian Journal of Zoology, v. 48, n. 4, p. 847-851, 1970.

FENTON, M. Brock. Questions, ideas and tools: lessons from bat echolocation. Animal Behaviour, v.
85,n. 5, p. 869-879, 2013.

FENTON, M. Brock; BELL, Gary P. Recognition of species of insectivorous bats by their echolocation
calls. Journal of Mammalogy, v. 62, n. 2, p. 233-243, 1981.

FENTON, M. Brock; FAURE, Paul A.; RATCLIFFE, John M. Evolution of high duty cycle echolocation
in bats. Journal of Experimental Biology, v. 215, n. 17, p. 2935-2944, 2012.

FENTON, M. Brock; SIMMONS, Nancy B. Bats: a world of science and mystery. University of
Chicago Press, 2015.

FERNANDES, Geraldo Wilson et al. Afforestation of savannas: an impending ecological
disaster. Embrapa Recursos Genéticos e Biotecnologia-Artigo em peridédico indexado (ALICE),
2016.

FERREIRA, Alvino Pedrosa; LOURES-RIBEIRO, Alan. Diclidurus albus Wied-Neuwied, 1820
(Chiroptera: Emballonuridae): First record of the species in the state of Paraiba, Brazil. Check List, v.
9,n.4,p. 793-796, 2013.

FISCHER, Erich et al. Bat fauna of Mato Grosso do Sul, southwestern Brazil. Biota Neotropica, v. 15, n.
2,2015.

FREY-EHRENBOLD, Annie et al. Landscape connectivity, habitat structure and activity of bat guilds in
farmland-dominated matrices. Journal of Applied Ecology, v. 50, n. 1, p. 252-261, 2013.

GARCIA, Queila S.; REZENDE, Juliana LP; AGUIAR, Ludmila. Seed dispersal by bats in a disturbed
area of Southeastern Brazil. Revista de Biologia Tropical, v. 48, n. 1, p. 125-128, 2000.

GEHRT, Stanley D.; CHELSVIG, James E. Bat activity in an urban landscape: patterns at the landscape
and microhabitat scale. Ecological Applications, v. 13, n. 4, p. 939-950, 2003.

GHANEM, Simon J.; VOIGT, Christian. Increasing awareness of ecosystem services provided by bats.
Advances in the Study of Behavior, v. 44, p. 279 — 302, 2012.

GILLAM, Erin H.; MCCRACKEN, Gary F. Variability in the echolocation of Tadarida brasiliensis:
effects of geography and local acoustic environment. Animal Behaviour, v. 74, n. 2, p. 277-286,
2007.

GOITI, Urtzi et al. Surveying for the rare Bechstein’s bat (Myotis bechsteinii) in northern Iberian
Peninsula by means of an acoustic lure. Hystrix-the Italian Journal of Mammalogy, v. 18, n. 2,
2008.

GORRESEN, P. Marcos; WILLIG, Michael R.; STRAUSS, Richard E. Multivariate analysis of scale-
dependent associations between bats and landscape structure. Ecological Applications, v. 15, n. 6,

p. 2126-2136, 2005.

GRIBEL, Rogério; HAY, John D. Pollination ecology of Caryocar brasiliense (Caryocaraceae) in Central
Brazil cerrado vegetation. Journal of tropical ecology, v. 9, n. 2, p. 199-211, 1993.

GRIFFIN, Donald R. Echolocation by blind men, bats and radar. Science, v. 100, n. 2609, p. 589-590,
1944.

GRINDAL, Scott D.; BRIGHAM, R. Mark. Impacts of forest harvesting on habitat use by foraging
insectivorous bats at different spatial scales. Ecoscience, v. 6, n. 1, p. 25-34, 1999.

29



GRINNELL, Alan D.; GRIFFIN, Donald R. The sensitivity of echolocation in bats. The Biological
Bulletin, v. 114, n. 1, p. 10-22, 1958.

HAWKINS, Charles P.; MACMAHON, James A. Guilds: the multiple meanings of a concept. Annual
review of entomology, v. 34, n. 1, p. 423-451, 1989.

HEER, Katrin et al. Effects of land use on bat diversity in a complex plantation—forest landscape in
northeastern Brazil. Journal of Mammalogy, v. 96, n. 4, p. 720-731, 2015.

HICE, Christine L.; SOLARI, Sergio. First record of Centronycteris maximiliani (Fischer, 1829) and two
additional records of C. centralis Thomas, 1912 from Peru. Acta Chiropterologica, v. 4, n. 2, p.
217-221, 2002.

HILL, David A.; GREENAWAY, FRANK. Effectiveness of an acoustic lure for surveying bats in British
woodlands. Mammal Review, v. 35, n. 1, p. 116-122, 2005.

HILL, David A. et al. Influence of trap environment on the effectiveness of an acoustic lure for capturing
vespertilionid bats in two temperate forest zones in Japan. Mammal study, v. 39, n. 4, p. 229-237,
2014.

HILL, David A.; ARMSTRONG, Kyle N.; BARDEN, Paul A. Preliminary assessment suggests that
acoustic lures can increase capture rates of Australian echolocating bats. Australian Mammalogy, v.
37,n. 1, p. 104-106, 2015.

HOURIGAN, C. L. et al. A comparison of the effectiveness of bat detectors and harp traps for surveying
bats in an urban landscape. Wildlife Research, v. 35, n. 8, p. 768-774, 2009.

IBGE, Séries Estudos e Pesquisas em Geociéncias. In: Zoneamento Geoambiental e Agroecoldgico-
Goias/Regido nordeste. Rio de Janeiro, 1995. p.84

JANTZEN, M. K.; FENTON, M. B. The depth of edge influence among insectivorous bats at forest—field
interfaces. Canadian Journal of Zoology, v. 91, n. 5, p. 287-292, 2013.

JIANG, Tinglei; WU, Hui; FENG, Jiang. Patterns and causes of geographic variation in bat echolocation
pulses. Integrative Zoology, v. 10, n. 3, p. 241-256, 2015.

JUNG, Kirsten; KALKO, EKV, and von; VON HELVERSEN, Otto. Echolocation calls in Central
American emballonurid bats: signal design and call frequency alternation. Journal of Zoology, v.
272,n. 2, p. 125-137, 2007.

JUNG, Kirsten; KALKO, Elisabeth KV. Where forest meets urbanization: foraging plasticity of aerial
insectivorous bats in an anthropogenically altered environment. Journal of Mammalogy, v. 91, n.
1, p. 144-153,2010.

JUNG, Kirsten; KALKO, Elisabeth KV. Adaptability and vulnerability of high flying Neotropical aerial
insectivorous bats to urbanization. Diversity and Distributions, v. 17, n. 2, p. 262-274, 2011.

JUNG, Kirsten et al. Moving in three dimensions: effects of structural complexity on occurrence and
activity of insectivorous bats in managed forest stands. Journal of Applied Ecology, v. 49, n. 2, p.
523-531, 2012.

KALDA, Oliver; KALDA, Rauno; LIIRA, Jaan. Multi-scale ecology of insectivorous bats in agricultural
landscapes. Agriculture, Ecosystems & Environment, v. 199, p. 105-113, 2015.

KALKO, Elisabeth K. V., HANDLEY, Charles O., JR. & HANDLEY, Darelyn. 1996. Organization,
diversity and long-term dynamics of a neotropical bat community. In: CODY, Martin L. &
SMALLWOOD, Jeffrey A. Long-term studies of vertebrate communities. San Diego, Academic.
p.503-553, 1996.

30



KLINK, Carlos A.; MACHADO, Ricardo B. A conservacao do Cerrado brasileiro. Megadiversidade, v.
1,n. 1, p. 147-155, 2005.

KUNZ, Thomas H. et al. Ecosystem services provided by bats. Annals of the New York Academy of
Sciences, v. 1223, n. 1, p. 1-38, 2011.

LARSEN, Roxanne J. et al. Mist netting bias, species accumulation curves, and the rediscovery of two
bats on Montserrat (Lesser Antilles). Acta Chiropterologica, v. 9, n. 2, p. 423-435, 2007.

LINO, Clayton Ferreira; ALLIEVI, Jodo. Cavernas brasileiras. Edi¢des Melhoramentos, 1980.

LINTOTT, Paul R. et al. Testing the effectiveness of surveying techniques in determining bat community
composition within woodland. Wildlife Research, v. 40, n. 8, p. 675-684, 2014.

LONG, Chloe V. The interaction of bats (Microchiroptera) with wind turbines: bioacoustic and
other investigations. 2011. Tese de Doutorado. © Chloe V. Long.

MAAS, Bea; CLOUGH, Yann; TSCHARNTKE, Teja. Bats and birds increase crop yield in tropical
agroforestry landscapes. Ecology Letters, v. 16, n. 12, p. 1480-1487, 2013.

MACHADO, Ricardo Bomfim et al. Caracterizacdo da fauna e flora do Cerrado. Palestras do XI
Simpoésio Nacional sobre o Cerrado e II Simpdsio Internacional sobre Savanas Tropicais, p. 12-
17, 2008.

MACSWINEY G, M. Cristina; CLARKE, Frank M.; RACEY, Paul A. What you see is not what you get:
the role of ultrasonic detectors in increasing inventory completeness in Neotropical bat
assemblages. Journal of applied Ecology, v. 45, n. 5, p. 1364-1371, 2008.

MARQUES, J. Tiago; RAMOS PEREIRA, M. J.; PALMEIRIM, J. M. Patterns in the use of rainforest
vertical space by Neotropical aerial insectivorous bats: all the action is up in the canopy. Ecography,
v.39,n. 5, p. 476-486, 2016.

MARTINS, Ana CM et al. Effects of forest height and vertical complexity on abundance and biodiversity
of bats in Amazonia. Forest ecology and management, v. 391, p. 427-435, 2017.

MAYEN, Friederike. Haematophagous bats in Brazil, their role in rabies transmission, impact on public
health, livestock industry and alternatives to an indiscriminate reduction of bat population. Journal
of Veterinary Medicine, Series B, v. 50, n. 10, p. 469-472, 2003.

MCDONOUGH, Molly M. et al. Mammalia, Chiroptera, Emballonuridae, Peropteryx leucoptera Peters,
1867 and Peropteryx pallidoptera Lim, Engstrom, Reid, Simmons, Voss and Fleck, 2010:
Distributional range extensions in Ecuador. Check List, v. 6, n. 4, p. 639-643, 2016.

MEYER, Christoph FJ et al. Species undersampling in tropical bat surveys: effects on emerging
biodiversity patterns. Journal of Animal Ecology, v. 84, n. 1, p. 113-123, 2015.

MIKALAUSKAS, Jefferson et al. Update on the distribution of Peropteryx leucoptera Peters, 1867
(Mammalia, Chiroptera, Emballonuridae): First record for the state of Sergipe, northeastern
Brazil. Check List, v. 10, p. 402, 2014.

MORA, Emanuel C.; MACIAS, Silvio. Short CF-FM and FM-short CF calls in the echolocation behavior
of Pteronotus macleayii (Chiroptera: Mormoopidae). Acta Chiropterologica, v. 13, n. 2, p. 457-463,
2011.

MORA, Emanuel C. et al. Specializations for aerial hawking in the echolocation system of Molossus
molossus (Molossidae, Chiroptera). Journal of Comparative Physiology A, v. 190, n. 7, p. 561-574,
2004.

MORA, Emanuel C. et al. Evolution of the heteroharmonic strategy for target-range computation in the
echolocation of Mormoopidae. Frontiers in physiology, v. 4, p. 141, 2013.

31



MORETTO, Lauren et al. A small-scale response of urban bat activity to tree cover. Urban Ecosystems,
p. 1-11,2018.

MOSCOSO, Paola; TIRIRA, Diego G. Nuevos registros y comentarios sobre la distribucion del
murciélago  blanco  comun  Diclidurus  albus  (Chiroptera: =~ Emballonuridae)  en
Ecuador. Mastozoologia neotropical, v. 16, n. 1, 2009.

MUSCARELLA, Robert; FLEMING, Theodore H. The role of frugivorous bats in tropical forest
succession. Biological reviews, v. 82, n. 4, p. 573-590, 2007.

MYERS, Norman et al. Biodiversity hotspots for conservation priorities. Nature, v. 403, n. 6772, p. 853,
2000.

NEUWEILER, Gerhard. Foraging ecology and audition in echolocating bats. Trends in ecology &
evolution, v. 4, n. 6, p. 160-166, 1989.

NOGUEIRA, Marcelo et al. Checklist of Brazilian bats, with comments on original records. Check list,
v. 10, p. 808, 2014.

OCHOA, José; O’FARRELL, Michael J.; MILLER, Bruce W. Contribution of acoustic methods to the
study of insectivorous bat diversity in protected areas from northern Venezuela. Acta
Chiropterologica, v. 2, n. 2, p. 171-183, 2000.

OLIVEIRA, Thiago F. et al. The acoustic gymnastics of the dwarf dog-faced bat (Molossops temminckii)
in environments with different degrees of clutter. Journal of Mammalogy, v. 99, n. 4, p. 965-973,
2018.

PAGLIA, Adriano P. et al. Lista Anotada dos Mamiferos do Brasil 2* Edi¢cao/Annotated Checklist of
Brazilian Mammals. Occasional Papers in Conservation Biology, v. 6, p. 1-82, 2012.

PEREIRA, Maria Jodo Ramos; FONSECA, Carlos; AGUIAR, Ludmilla MS. Loss of multiple dimensions
of bat diversity under land-use intensification in the Brazilian Cerrado. Hystrix, the Italian Journal
of Mammalogy, v. 29, n. 1, 2018.

PUREVDORJ, T. S. et al. Relationships between percent vegetation cover and vegetation
indices. International Journal of Remote Sensing, v. 19, n. 18, p. 3519-3535, 1998.

QGIS (2019). Sistema de Informagdes Geograficas do QGIS. Projeto Codigo Aberto Geospatial
Foundation. http://qgis.osgeo.org.

QUACKENBUSH, Hannah et al. Testing the efficacy of an acoustic lure on bat mist-netting success in
North American central hardwood forests. Journal of Mammalogy, v. 97, n. 6, p. 1617-1622, 2016.

QUESADA, Mauricio et al. Succession and management of tropical dry forests in the Americas: Review
and new perspectives. Forest Ecology and Management, v. 258, n. 6, p. 1014-1024, 2009.
REIS, Nelio R. et al. (Ed.). Morcegos do Brasil. Univesidade Estadual de Londrina, 2007. p. 31-32.

RIBEIRO, José Felipe; WALTER, Bruno Machado Teles. As principais fitofisionomias do bioma
Cerrado. Cerrado: ecologia e flora, v. 1, p. 151-212, 2008.

RODRIGUEZ-SAN PEDRO, Annia; SIMONETTI, Javier A. The relative influence of forest loss and
fragmentation on insectivorous bats: does the type of matrix matter?. Landscape ecology, v. 30, n.

8, p. 1561-1572, 2015.

ROOT, Richard B. The niche exploitation pattern of the blue-gray gnatcatcher. Ecological Monographs,
v.37,n.4,p.317-350, 1967.

32



ROUSE JR, J, W et al. Monitoring vegetation systems in the Great Plains with ERTS. 1974.

RUSSO, Danilo; ANCILLOTTO, Leonardo. Sensitivity of bats to urbanization: a review. Mammalian
Biology, v. 80, n. 3, p. 205-212, 2015.

RUSSO, Danilo; CISTRONE, Luca; JONES, Gareth. Emergence time in forest bats: the influence of
canopy closure. Acta Oecologica, v. 31, n. 1, p. 119-126, 2007.

RUSSO, Danilo; JONES, Gareth. Use of foraging habitats by bats in a Mediterranean area determined by
acoustic surveys: conservation implications. Ecography, v. 26, n. 2, p. 197-209, 2003.

RYDELL, J. et al. Acoustic identification of insectivorous bats (order Chiroptera) of Yucatan,
Mexico. Journal of Zoology, v. 257, n. 1, p. 27-36, 2002.

SAMPAIO, Erica M. et al. A biodiversity assessment of bats (Chiroptera) in a tropical lowland rainforest
of Central Amazonia, including methodological and conservation considerations. Studies on
Neotropical fauna and environment, v. 38, n. 1, p. 17-31, 2003.

SANO, Edson Eyji et al. Mapeamento semidetalhado do uso da terra do Bioma Cerrado. Pesquisa
agropecuaria brasileira, v. 43, n. 1, p. 153-156, 2008.

SANTOS, Adriano Silva; SILVA, Daiana Cardoso; DE CASSIA FARIA, Karina. Peropteryx trinitatis
Miller, 1899 (Chiroptera, Emballonuridae): first record in central Brazil and revised distribution
map. Check List, v. 12, n. 6, p. 1992, 2016.

SATO, Therys Midori; PASSOS, Fernando de Camargo; NOGUEIRA, Antonio Carlos. Frugivoria de
morcegos (Mammalia, Chiroptera) em Cecropia pachystachya (Urticaceae) e seus efeitos na
germinagdo das sementes. Papéis Avulsos de Zoologia, v. 48, n. 3, p. 19-26, 2008.

SAZIMA, Marlies; SAZIMA, Ivan. Bat pollination of the passion flower, Passiflora mucronata, in
southeastern Brazil. Biotropica, p. 100-109, 1978.

SBEQ (2018) Sociedade Brasileira para o Estudo de Quirdpteros. http://www.sbeq.net [Acessed at June
2019-06-05]

SCHNITZLER, Hans-Ulrich; KALKO, Elisabeth KV. Echolocation by Insect-Eating Bats: We define
four distinct functional groups of bats and find differences in signal structure that correlate with the
typical echolocation tasks faced by each group. Bioscience, v. 51, n. 7, p. 557-569, 2001.

SCHNITZLER, Hans-Ulrich; MOSS, Cynthia F.; DENZINGER, Annette. From spatial orientation to
food acquisition in echolocating bats. Trends in Ecology & Evolution, v. 18, n. 8, p. 386-394, 2003.

SUCKOW, Urubatan Moura Skerratt et al. First occurrences of the greater bonneted Eumops perotis
(Molossidae) in the State of Parana and synthesis of the known records for Brazil. Biota Neotropica,
v. 10, n. 3, p. 453-456, 2010.

TAVARES, Valeria da Cunha et al. Bats of the state of Minas Gerais, southeastern Brasil. 2010.

TRAJANO, Eleonora. Protecting caves for bats or bats for caves?. Chiroptera Neotropical, v. 1, n. 2, p.
19-21, 2012.

TREITLER, Julia T. et al. The effect of local land use and loss of forests on bats and nocturnal
insects. Ecology and evolution, v. 6, n. 13, p. 4289-4297, 2016.

TUCKER, Compton J. et al. Satellite remote sensing of total herbaceous biomass production in the
Senegalese Sahel: 1980-1984. Remote sensing of environment, v. 17, n. 3, p. 233-249, 1985.

VAUGHAN, Nancy; JONES, Gareth; HARRIS, Stephen. Habitat use by bats (Chiroptera) assessed by
means of a broad- band acoustic method. Journal of Applied Ecology, p. 716-730, 1997.

33



VOIGT-HEUCKE, Silke L.; TABORSKY, Michacl;, DECHMANN, Dina KN. A dual function of
echolocation: bats use echolocation calls to identify familiar and unfamiliar individuals. Animal
Behaviour, v. 80, n. 1, p. 59-67, 2010.

WALTER, Bruno Machado Teles; GUARINO, Ernestino de Souza Gomes. Comparison of the plot
method with" rapid survey" for sampling the arboreal vegetation of Cerrado stricto sensu. Acta
Botanica Brasilica, v. 20, n. 2, p. 285-297, 2006.

WANGER, Thomas Cherico et al. Bat pest control contributes to food security in Thailand. Biological
Conservation, v. 171, p. 220-223, 2014.

WINHOLD, Lisa; KURTA, Allen. Netting surveys for bats in the northeast: differences associated with
habitat, duration of netting, and use of consecutive nights. Northeastern Naturalist, v. 15, n. 2, p.
263-275, 2008.

XU, Zhu et al. Echolocation calls of Rhinolophus ferrumequinum in relation to habitat type and
environmental factors. Acta Ecologica Sinica, v. 28, n. 11, p. 5248-5258, 2008.

ZAMORA-GUTIERREZ, Veronica et al. Acoustic identification of Mexican bats based on taxonomic
and ecological constraints on call design. Methods in Ecology and Evolution, v. 7, n. 9, p. 1082-
1091, 2016.

ZORTEA, Marlon; ALHO, Cleber JR. Bat diversity of a Cerrado habitat in central Brazil. Biodiversity
and Conservation, v. 17, n. 4, p. 791, 2008.

34



35



Table 2. Insectivorous bat species recorded in the Parque Estadual de Terra Ronca (PETeR) classified in terms of foraging guilds. Insectivorous bats from uncluttered spaces,

with 23 species, and insectivorous bats from background — cluttered spaces, with 21 species recorded.

Guild Species Family Sources
Uncluttered space/
aerial insectivorous  Diclidurus albus EMB Schnitzler et al (2003), Jung et al (2007), Moscoso & Tirira (2009)

Peropteryx macrotis EMB Schnitzler et al (2003), Marques et al (2016), Lopez - Baucells et al (2016), Zamora - Gutierrez et al (2016)
Cynomops abrasus MOL Peracchi et al (2011)
Cynomops greenhalli (?) MOL Marques et al (2016)
Cynomops planirostris MOL Marques et al (2016)
Eumops auripendulus MOL Schnitzler & Kalko (2001), Schnitzler et al (2003), Jung et al (2014)
Eumops dabbenei MOL Schnitzler & Kalko (2001), Schnitzler et al (2003)
Eumops glaucinus MOL Schnitzler & Kalko (2001), Schnitzler et al (2003), Jung et al (2014)
Eumops nanus MOL Schnitzler & Kalko (2001), Schnitzler et al (2003)
Eumops perotis MOL Schnitzler & Kalko (2001), Schnitzler et al (2003), Jung et al (2014), Marques et al (2016)
Molossops mattogrossensis MOL -
Molossops neglectus MOL Schnitzler & Kalko (2001), Schnitzler et al (2003), Zamora - Gutierrez et al (2016)
Molossops temminckii MOL Schnitzler & Kalko (2001), Schnitzler et al (2003), Jung et al (2014), Dias - Silva et al (2018)
Molossus currentium MOL Schnitzler & Kalko (2001), Schnitzler et al (2003), Jung et al (2014), Dias - Silva et al (2018)
Molossus molossus MOL Schnitzler & Kalko (2001), Schnitzler et al (2003), Jung et al (2014), Zamora - Gutierrez et al (2016), Dias - Silva et al (2018)
Molossus rufus MOL Schnitzler & Kalko (2001), Schnitzler et al (2003), Jung et al (2014), Zamora - Gutierrez et al (2016), Dias - Silva et al (2018)
Molossus sinaloae (?) MOL Zamora - Gutierrez et al (2016)
Nyctinomops laticaudatus MOL Jung et al (2014), Zamora - Gutierrez et al (2016)
Nyctinomops macrotis MOL Jung et al (2014)
Promops centralis MOL Schnitzler & Kalko (2001), Schnitzler et al (2003), Zamora - Gutierrez et al (2016)
Promops nasutus MOL Schnitzler & Kalko (2001), Schnitzler et al (2003)
Tadarida brasiliensis MOL Jung et al (2014), Zamora - Gutierrez et al (2016)
Lasiurus cinereus VES Zamora - Gutierrez et al (2016)

Background space/

aerial insectivorous Centronycteris maximiliani EMB Kalko et al (1996), Hice & Solari (2002)
Histiotus laephotis EMB Miranda et al (2007)
Histiotus velatus EMB -



Highly cluttered
space/ aerial
insectivorous

Saccopteryx leptura
Pteronotus gymnonotus
Pteronotus personatus
Eptesicus brasiliensis
Eptesicus furinalis
Mpyotis albescens
Mpyotis lavali

Mpyotis nigricans
Mpyotis riparius
Mpyotis ruber

Lasiurus blossevillii
Lasiurus ega
Thyroptera sp.
Noctilio leporinus

Pteronotus parnelli

EMB
MOR
MOR
VES
VES
VES
VES
VES
VES
VES
VES
VES
THY
NOC

MOR

Schnitzler & Kalko (2001), Schnitzler et al (2003), Zamora - Gutierrez et al (2016)

Zamora - Gutierrez et al (2016)

Schnitzler & Kalko (2001), Schnitzler et al (2003)

Ochoa et al (1999), Rydell et al (2002), Lopez - Baucells et al (2016), Zamora - Gutierrez et al (2016), Dias - Silva et al (2018)
Rydell et al (2002), Peracchi et al (2011), Lopez - Baucells et al (2016), Zamora - Gutierrez et al (2016), Dias - Silva et al (2018)
Schnitzler & Kalko (2001), Schnitzler et al (2003)

Schnitzler & Kalko (2001), Schnitzler et al (2003)

Ochoa et al (1999), Rydell et al (2002), Lopez - Baucells et al (2016), Zamora - Gutierrez et al (2016), Dias - Silva et al (2018)
Ochoa et al (1999), Rydell et al (2002), Lopez - Baucells et al (2016), Zamora - Gutierrez et al (2016), Dias - Silva et al (2018)
Ochoa et al (1999), Rydell et al (2002), Lopez - Baucells et al (2016), Zamora - Gutierrez et al (2016), Dias - Silva et al (2018)
Rydell et al (2002), Peracchi et al (2011),Lopez - Baucells et al (2016), Zamora - Gutierrez et al (2016), Dias - Silva et al (2018)
Ochoa et al (1999), Rydell et al (2002), Lopez - Baucells et al (2016), Zamora - Gutierrez et al (2016), Dias - Silva et al (2018)
Zamora - Gutierrez et al (2016)

Kalko et al (1996), Schnitzler & Kalko (2001), Schnitzler et al (2003), Peracchi et al (2011)

Schnitzler & Kalko (2001), Schnitzler et al (2003)
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Appendix 1 : Cumulative renderized NDVI images for each sampled site, with 15 x 15m of
resolution. Landsat 8 OLI sensor data extracted from the USGS data set, in 11 February 2015,
with 6% of cloud cover and UTM projected. Eight landscape scales are shown: A = 300m, B =

250m, C =200m, D=150m, E=100m, F =75m, G = 50m and H = 25m.
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Appendix 2. Distribution of pixel values from the NDVI raster image for each of the eight
landscape scale adopted. NDVI index can achieve a range of values, from -1 to +1. The near to
+1 is the pixel value, the greener is the observed area. The histograms are shown in the

following order of scale: 300m, 250m, 200m, 150m, 100m, 75m, 50m and 25m.
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Appendix 2. Distribution of pixel values from the NDVI raster image for each of the eight
landscape scale adopted. NDVI index can achieve a range of values, from -1 to +1. The near to
+1 is the pixel value, the greener is the observed area. The histograms are shown in the
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Appendix 3. NDVI single band images of the eight landscape scales taken from Landsat 8 OLI sensor, in 11 February 2015, with 6% of cloud cover and pixel
length of 5x5m. Scales increase from the left to right: 25m, 50m, 75m, 100m, 150m, 200m, 250m and 300m. Lighter pixels indicate NDVI values close to +1,
representing large amount of photosynthetically active vegetation. Overall NDVI values ranged from — 0.0617 to 0.0351.
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