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APRESENTACAO

Escrever um trabalho académico nao é facil, tdo pouco se da de forma instantanea e magica.
Procurei escrever esta dissertacdo no tempo que me coube, da forma mais eficiente e minuciosa
possivel, afim de proporcionar ao leitor um texto fluido e bem entrelacado.

Esta Dissertacdo esta estruturada em capitulos, onde cada capitulo consta de um artigo
cientifico. O artigo que ja foi publicado também consta em anexo, com o layout da revista na
integra. O trabalho como um todo foi estruturado para publicacdo on-line, logo algumas imagens
para alguns(a) leitores(a) podem estar demasiado pequenas ou visualmente incoerentes, porém
procurei ao maximo deixa-las em um tamanho ideal, respeitando as propor¢des do documento.

O primeiro capitulo “Heterogeneity of bat communities in the brazilian atlantic forest” sera
submetido a revista Divertity and Distributions ou a Journal of Biogeography e consta de uma
analise espacial da heterogeneidade das comunidades de morcegos ao longo da Mata Atlantica
brasileira, por meio de dados provenientes de literatura.

O segundo capitulo “Distribution extension of Ametrida centurio Gray, 1847 (Chiroptera,
Phyllostomidae): First record in the Brazilian Atlantic Forest.” esta publicado na revista Check List
e consta de uma nota de extensao de distribuicdo geografica.

O terceiro capitulo “Morcegos da Mata Atlantica: Banco de dados de coletas na construcao
de um Data paper” retine em um “Data Paper” dados de quatro coletas realizadas na Mata Atlantica

ao longo de seu gradiente latitudinal.



RESUMO

A Mata Atlantica abriga cerda de 1-8% de toda a flora e fauna do mundo. Em particular os
morcegos deste bioma representam cerca de 64% do total de espécie de quiropteros do Brasil.
Dados sobre a composicdo e abundancia de espécies de comunidades de morcegos nunca foram
sintetizados e analisados, assim como dados a cerca da distribuicdo espacial e estruturacao das
comunidades de morcegos neste bioma, sobretudo quanto a sua dissimilaridade sob uma perspectiva
de metacomunidade que pode ser amplamente definida como um conjunto de comunidades
ecoldgicas em locais diferentes (potencialmente, mas ndo necessariamente ligados por dispersao),
enquanto que uma comunidade é um grupo de espécies em um determinado local. Em vista disto
busquei avaliar o padrdao espacial de coletas realizadas neste bioma e a estruturacao das
comunidades de morcegos ao longo da Mata Atlantica brasileira, quanto a sua beta diversidade.
Para tanto reuni um banco de dados de 57 artigos somando 342 localidades através de revisao da
literatura. Realizei estatisticas voltadas a distribuicdo espacial de coletas, do esfor¢o amostral
(mediana: 19140h.m?) e para a analise de beta diversidade e metacomunidades. Os resultados
apontam que existem coletas em toda a Mata Atlantica com focos de maior densidade no PR, sul do
RJ, PB-PE, sul da BA. Lacunas de amostragem publicadas se encontram no ES, AL,SC e RS. As
comunidades de morcegos ao longo da Mata Atlantica brasileira tem uma heterogeneidade alta
(~0.9) explicada principalmente pelo componente de Turnover e com um baixo componente de
aninhamento. Este resultado é valido para analises em 4 escalas espaciais: localidades, grades de
2,5° 5° e entre as 4 regides biogeograficas da Mata Atlantica. A estruturacao das matrizes de
ocorréncia de espécies por unidade amostral (como definido acima) apresentam uma estruturagao
aleatdria (ndo coerente), sem gradiente latitudinal. Oito inventéarios foram realizados nas quatro
regioes biogeograficas da Mata Atlantica dentro do projeto Rede BioMA Inventdrios: Padroes de
diversidade, biogeografia e endemismo de espécies de mamiferos, aves, anfibios, drosoéfilas e
parasitos na Mata Atlantica (CNPq/PPBIO) na estacao chuvosa totalizando um esforco de 99.600
m?h. Foram coletados 935 morcegos, assim como amostras de tecidos para fins de extracao de
A.D.N. e de diagnosticos parasitolégicos de tripanossomatideos (T. cruzi et Leishmania spp.),
Hantavirus e Helmintos. A localidade com maior riqueza de foi a APA do Pratigi BA, seguido da
Rebio Guaribas, PB; Serra dos Ordos, RJ e Parque Estadual da Serra do Tabuleiro, SC. Registrei a
primeira ocorréncia do morcego Ametrida centurio Grey, 1847 para a Mata Atlantica, estendendo
sua distribuicdo em mais de 1000 quilémetros. O espécime foi coletado utilizando redes de dossel a

9m na REBIO Guaribas.

Palavras-chave: Ametrida centurio, Betadiversidade, Biogeography, Chiroptera, Metacommunity.



ABSTRACT

The Atlantic Forest is home bristle 1-8% of all the flora and fauna of the world. In particular bats
this biome represent about 64% of all species of bats in Brazil. Data on the composition and
abundance of species of bat communities have never been synthesized and analyzed, as well as data
about the spatial distribution and structure of bat communities in this biome, especially as their
dissimilarity in a meta community perspective that can be broadly defined as a set of ecological
communities in different locations (potentially, but not necessarily connected by dispersion), while
a community is a group of species in a given location. In view of this I sought to evaluate the spatial
pattern of collections made in this biome and the structuring of bat communities along the Brazilian
Atlantic Forest, as its beta diversity. Therefore gather a database of 57 articles totaling 342 locations
through literature review. Realized statistics focused on spatial distribution of sampling, the
sampling effort (median: 19140h.m?) and for the analysis of beta diversity and metacomunidades.
The results show that there are collections across the Atlantic Forest with higher density in PR
outbreaks, south of Rio de Janeiro, PB-PE, south of Bahia. Sampling gaps are reported in ES, AL,
CS and RS. The bat communities along the Brazilian Atlantic Forest has a high heterogeneity (~
0.9) mainly due to the turnover component and a low component of nesting. This result is valid for
analysis in four spatial scales: locations, grid 2.5°, 5 and between 4 biogeographic regions of the
Atlantic. The structure of arrays of occurrence of species per sample unit (as defined above)
presentam a random structure (non-coherent) without latitudinal gradient. Four inventories were
conducted in four biogeographical regions of the Atlantic Forest biome within the project Network
Inventory: diversity patterns, biogeography and endemic species of mammals, birds, amphibians,
fruit flies and parasites in the Atlantic Forest (CNPq / PPBIO) in the rainy season totaling a 99.600
h.m? effort. 935 bats were collected, and tissue samples for DNA extraction purpose and
parasitological diagnosis of trypanosomes (T. cruzi et Leishmania spp.), Hantavirus and helminths.
The place with the highest species richness was the APA Pratigi BA, followed by Rebio Guaribas,
PB; Serra dos Ordos, RJ State Park and the Sierra Board, SC. Recorded the first occurrence of the
bat Ametrida centurio Grey, 1847 for the Atlantic Forest, extending its distribution in more than

1000 km. The specimen was collected using canopy networks to 9m in REBIO Guaribas.

Keywords: Ametrida centurio, Betadiversidade, Biogeography, Chiroptera, Metacommunity.



LISTA DE FIGURAS

Capitulo 1

Fig. 1 A. Distribution of the distance between paired locations in km, median (dashed line) = 558.9
km B. Distribution of the sampling effort in m%h, median (dashed line) =

19140. 34

Fig. 2. Kernel density estimation map of bat sampling sites in the Brazilian Atlantic Forest. Federal
states : CE — Ceara, PB — Paraiba, PE — Pernambuco, AL — Alagoas, SE — Sergipe, BA — Bahia, MG
— Minas Gerais, ES — Espirito Santo, RJ — Rio de Janeiro, SP — Sdo Paulo, PR — Parand, SC — Santa
Catarina, RS — Rio Grande do Sul. 34

Fig. 3. Pairwise beta diversity matrix for localities. From left to right respectively: Sorensen,

Turnover and Nestedness. 36

Fig. 4. Pairwise beta diversity matrix for 2.5° grids. From left to right respectively: Sorensen,

Turnover and Nestedness. 36

Fig. 5. Pairwise beta diversity matrix for Grids 5°. From left to right respectively: Sorensen,

Turnover and Nestedness. 37

Fig. 6. Pairwise beta diversity matrix for biogeographic regions. From left to right respectively:

Sorensen, Turnover and Nestedness. 37

Fig. 7. Autocorrelogram between the pairwise beta diversity values for localities and paired
geographic distances. Black triangle = Nestedness, black circle = Simpson, white circle =

Sorensen. 38

Fig. 8. Autocorrelogram between the pairwise beta diversity values for Grid's 2.5° and paired
geographic distances. Black triangle = Nestedness, black circle = Simpson, white circle =

Sorensen. 38




Fig. 9. Autocorrelogram between the pairwise beta diversity values for Grid's 5° and paired
geographic distances. Black triangle = Nestedness, black circle = Simpson, white circle =

Sorensen. 39

Fig. 10. The latitudinally ordered matrix of sites (rows) by species (columns). Black rectangles

indicate a species occurrence at a site. 39

Capitulo 2

Figure 1. Marginal Localities reported to Ametrida centurio, including the new record for the
Atlantic Forest in the state of Paraiba (star): (1) Guaribas Biological Reserve, Mamanguape, Paraiba
(present study); (2) Belém, Para (Brazil), type locality (Gray 1847); (3) Serra do Roncador, Mato
Grosso (Pine et al. 1970); (4) Santa Luzia do Pacui, Macapa, Amapa (Peracchi et al. 1984); (5)
80km north of Manaus, Amazonas (Bernard 2001); (6) Cayenne, French Guiana (Brosset and
Charles-Dominique 1991); (7) Moengo, Surinam (Gardner 2008); (8) Kartabo, Guyana (Gardner
2008); (9) Distrito Federal, Pico Avila, 5 Km NNW Caracas, Venezuela (Gardner 2008); (10) Barro
Colorado Island, Canal Zone, Panama (Reid 1997). 49

Figure 2. Adult male of Ametrida centurio (UFPB 9154) from Guaribas Biological Reserve,
municipality of Mamanguape, state of Paraiba, northeastern Brazil (a) Detail of the face, especially
the yellowish iris (b) Lateral view, highlighting the glands below the armpits (c) Frontal view,
especially the white spots on the shoulders, chest and the semi-circular spot around the penis. The

left foot was not properly lit to appear in image c. (Photos by E. M. Vilar). 50

Figure 3. Skull of Ametrida centurio (UFPB 9154) on lateral dorsal and ventral views and mandible

on lateral view. 52

Capitulo 3

Figura 1. Mapa exibindo os quatro pontos de coleta na Mata Atlantica, destacando os cinco pontos

de amostragem em cada drea. 62




LISTA DE TABELAS

Capitulo 1

Table 1. Beta diversity values (Sorensen's index) computed between units of increasing spatial scale
(Localities, 2.5° 5° grids, and biogeographical regions- RBG) and their elements turnover and

Nestedness. 35

Capitulo 2

Table 1. External and cranial measurements (in grams [Body mass] and millimeters) of the
Ametrida centurio collected in the Atlantic Forest, compared with measurements provided by

Peterson (1965), N (sample size). 51

Capitulo 3

Tabela 1. Dados em nuimeros gerais para coletas realizadas durante dez noites consecutivas na

Reserva Biologica Guaribas. 65

Tabela 2. Lista de espécies e suas abundancias, para a Reserva Biol6gica Guaribas. 65

Tabela 3. Dados em nuimeros gerais para coletas realizadas durante dez noites consecutivas na

Reserva Biolégica Guaribas. 66

Tabela 4. Lista de espécies e suas abundancias, para a Reserva Biologica Guaribas. 66

Tabela 5. Dados em ntiimeros gerais para coletas realizadas durante dez noites consecutivas na APA

Pratigi. 67

Tabela 6. Lista de espécies e suas abundancias, para a APA Pratigi. 67

Tabela 7. Dados em numeros gerais para coletas realizadas durante dez noites consecutivas na APA

Pratigi. 68




Tabela 8. Lista de espécies e suas abundancias, para a APA Pratigi. 68

Tabela 9. Dados em numeros gerais para coletas realizadas durante dez noites consecutivas no

Parque Nacional da Serra dos Orgaos. 69

Tabela 10. Lista de espécies e suas abundancias, para o PARNASO. 69

Tabela 11. Dados em nimeros gerais para coletas realizadas durante dez noites consecutivas no

Parque Nacional da Serra dos Orgéos. 70

Tabela 12. Lista de espécies e suas abundancias, para 0 PARNASO. 70

Tabela 13. Dados em numeros gerais para coletas realizadas durante dez noites consecutivas no

Parque Estadual Serra do Tabuleiro. 71

Tabela 14. Lista de espécies e suas abundancias, para o Parque Estadual Serra

Tabuleiro. 71

Tabela 15. Dados em ntiimeros gerais para coletas realizadas durante dez noites consecutivas no

Parque Estadual Serra do Tabuleiro. 72

Tabela 16. Lista de espécies e suas abundancias, para o Parque Estadual Serra

Tabuleiro. 72




SUMARIO

Introducao Geral 17

Literatura citada 22
Objetivos 26
Capitulo 1: Heterogeneity of bat (chiroptera) communities in the Brazilian Atlantic Forest.___ 27
Introdugéo 28
Métodos 30
Resultados 33
Discussdo 41
Conclusoes 42
Literatura citada 44

Capitulo 2: Distribution extension of Ametrida centurio Gray, 1847 (Chiroptera, Phyllostomidae):

First record in the Brazilian Atlantic Forest. 48

Literatura citada 55

Capitulo 3: Morcegos da Mata Atlantica: Banco de dados de coletas na construgdo de um “Data

paper”. 59
Introdugdo 60
Métodos empregados na coleta de dados 62
Resultados 66
Literatura citada 73

Anexo 77




INTRODUCAO GERAL
1. Mata Atlantica

Mata Atlantica é o nome popular dado a floresta tropical atlantica que ocupa a fachada
oriental do Brasil e grande parte da bacia do Parana (Pereira, 2009). Segundo Rizzini (1997), s6 no
Brasil a Mata Atlantica cobria uma area de aproximadamente 1.400.000km?, estendendo-se por uma
larga faixa latitudinal ao longo da costa brasileira, do Rio Grande do Norte ao Rio Grande do Sul.
Mais de 75% de sua area era formada por florestas, com enclaves de campos rupestres, caatingas,
matas secas xeromorficas, cerrados, mangues e restingas. A Mata Atlantica se destaca de todas as
florestas tropicais ombrofilas do mundo, por sua longa distribuicdo linear ao longo da costa
brasileira, pela sua heterogeneidade de habitats, pelo seu isolamento de outras florestas ombrofilas
do continente e pelo seu alto grau de fragmentacdo que a qualifica como um dos 34 hotspots para
conservacao (Mittermeier et al. 2005). Hoje restam apenas 11-16% da sua area original (Ribeiro et
al. 2009). Grande parte dessa floresta remanescente ja teria sido devastada, apresentando-se
atualmente na condicdo de mata secundaria. As matas originais acham-se acantonadas nas gargantas
do relevo, nos grotdes e nas escarpas altas e muito ingremes, lugares de dificil acesso, onde a
ocupacao humana torna-se quase inviavel e desinteressante (Pereira, 2009). Sua composicao
floristica é extremamente variada, com grande biodiversidade, tanto em termos taxondmicos como
em termos de formas de vida e de tamanho dos vegetais. Sua estrutura horizontal ostenta forte
densidade, um carater de mata fechada, além da exuberancia permanente da vegetacdo, verde e
vigosa o ano todo, caracteristica atribuida a auséncia de um periodo de repouso vegetativo anual,
fato inerente as regides tropicais imidas e superumidas (Pereira, 2009).

A Mata Atlantica em sua histéria evolutiva é marcada por periodos de contato com biotas de
outras florestas sul-americanas, seguidos por periodos de isolamento (Prum, 1988; Rizzini, 1997).
Em razdo disso, a biota da Mata Atlantica é composta por elementos faunisticos muito antigos
(Xenarthra, Didelphimorphia), antigos (Caviomorpha, Primates), recentes (posterior ao plioceno,
grande intercambio americano) e muito recentes (de diversificacdo autoctone a Mata Atlantica),
durante a transicao Pleistoceno - Holoceno, ha cerca de 10 mil a 20 mil anos (Prum, 1988). Os
padroes de riqueza e distribuicdo dos grupos animais da Mata Atlantica sdo frequentemente
explicados espacialmente por eventos de vicariancia/refugios histéricos (Carnaval et al, 2009),
resultando em centros de endemismo compostos de muitas espécies que apresentam distribuigoes
geograficas semelhantes (Costa & Leite, 2012, Costa et al. 2003), e padrdes filogeograficos
concordantes (Batalha-Filho et al. 2012). O conjunto de zoneamentos baseados em vicarinacias,
centros de endemismos, padroes filogeograficos e conjuntos geomorfolégicos definem pelo meno

quatro unidades biogeograficas, ao norte do rio Sdo Francisco, ao Sul do Rio Sdo Francisco e ao
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Norte do Rio Doce/Jequitinhonha, ao Sul deste e ao norte do Paraiba do Sul/ Tiéte e ao sul deste
ultimo. As cinco éareas atendem a esse critério, incluindo as florestas imidas do Nordeste (Brejos
Nordestinos, Pernambuco, Diamantina e Bahia) e a cadeia de montanhas costeira (Serra do Mar)
(Silva e Casteleti, 2005). Mais recentemente de la Sancha et al. (2014) testaram a resposta das
comunidades de pequenos mamiferos a este zoneamneto, confirmando o padrdao biogeografico

proposto acima. A métrica utilizada foi a betadiversidade.

2. [-diversidade e estruturacao de comunidades

Embora a diversidade pareca o conceito ecoldgico mais bem estudado e intuitivo, nenhuma
definicdo consensual foi formulada (Ricotta 2005). Defini¢cdes quantitativas de diversidade incluem
um grande nimero de métricas (Tuomisto 2010a). No nivel das espécies pode-se falar, entdo, da
diversidade de espécies, que inclui a variedade e a abundancia relativa das espécies.

A riqueza e a abundancia de espécies sao os elementos mais recorrentemente utilizados para
caracterizar a diversidade alfa, que pode ser expressa por meio de indices, ou métricas. Cada indice
possui uma estrutura matematica e uma unidade de medida, podendo representar diferentes
fendmenos ecoldgicos (Tuomisto, 2010a). Cabe salientar que o melhor indice de diversidade a ser
utilizado depende do contexto e pergunta que se esta tentando responder (Gorelick, 2011; Moreno e
Rodrigues, 2011). A maioria das medidas propostas para comparar a diversidade entre comunidades
biolégicas incorpora os componentes de diversidade alfa (diversidade local) e gama (diversidade
total), cujas relagoes aditiva ou multiplicativa geram a métrica de betadiversidade (Baselga, 2010;
Tuomisto, 2010a). Apesar da vasta discussao na literatura e da ndo existéncia de consenso sobre a
betadiversidade representar, de fato, uma medida de diversidade (Magurran, 2004; Jost, 2006;
Tuomisto, 2010a, b), diferentes medidas de betadiversidade podem revelar diferentes fenomenos
responsaveis pela estruturacdo das comunidades (Tuomisto, 2010a). No geral, a betadiversidade
pode ser interpretada como uma medida da dissimilaridade ou heterogeneidade das unidades
amostrais, ou das comunidades biologicas (Jost, 2007; Tuomisto, 2010a). A betadiversidade também
pode indicar o nimero de unidades composicionais que formam a regido de estudo (Tuomisto,
2010a). Essas unidades composicionais indicam o grau de regionalizacdo da biodiversidade.

Os indices mais citados na literatura para estimar a betadiversidade sdo os de Jaccard e
Sorensen (Baselga e Orme, 2012), que sdo transformacdes monoténicas da razdo entre as
diversidades gama e alfa. A transformacdo, ou decomposicao da diversidade ndo é algo simples,
pois alguns fendémenos adjacentes a diversidade ndo necessariamente podem ou precisam ser
decompostos (Gorelick, 2011). A decomposicdo, portanto, dependera de quais aspectos se queira

investigar da comunidade. Por exemplo, a relacdo entre gama e alfa diversidade pode ser mais
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informativa quando estes mesmos indices sdo construidos com os elementos substituicdo
(“turnover”) e aninhamento (“nestedness”) de espécies (e.g., Baselga e Orme, 2012), ambos
fendomenos estruturadores da diversidade. A substituicdo e a entropia, elementos estruturadores das
comunidades bioldgicas, podem indicar a a) dissimilaridade, ou b) o grau de heterogeneidade, c)
diferenciacdo e d) complementaridade das comunidades bioldgicas, resultante de processos

ecoldgicos e evolutivos (Pielou, 1984; Webb et al., 2002). Mais especificamente:

1) O “turnover” de espécies, que se constitui na ocorréncia da mudanca ou substituicdo de espécies
(Tuomisto, 2010b), pode ocorrer devido a extin¢des e especiacdes decorrentes de eventos histdricos
(Baselga, 2012) ou eventos populacionais, como imigracao e emigracdo de individuos (Kneitel e
Chasen, 2004; Starzomski et al., 2008). Estes eventos sdo caracterizados como estocasticos (Chase,

2007);

2) A entropia de uma determinada composicdo de espécies (também denominada unidade
composicional; Tuomisto, 2010a). Indica o nivel de organizacdo da comunidade, e pode ser
interpretada e medida a partir de padrdes filogenéticos aleatérios (baixa organizagdo) ou nao

aleatorios (alta organizacao);

3) O aninhamento, um padrdo ecologico em que comunidades com menor riqueza de espécies sao
um subconjunto das comunidades mais ricas (Almeida- Neto et al., 2008). E também considerado

como o oposto ao “turnover” (Baselga, 2010).

Estes trés elementos (“turnover”, entropia e aninhamento), operando em uma escala local
(logo, na diversidade alfa), podem, portanto, gerar padrdes de diversidade em uma escala regional
(Tuomisto, 2010a). Mais especificamente, a abordagem sobre entropia é fundamental para
interpretacdo da composicdo de espécies da comunidade, bem como de sua estrutura e diversidade
filogenética (Webb et al., 2002). Dependendo da amplitude da variacdo ambiental, da distancia
geografica entre comunidades e das interacdes interespecificas, o “turnover” de espécies pode
também indicar um “turnover” na estrutura filogenética da comunidade (Graham e Fine, 2008),
sendo detectado através de mudancas na filobetadiversidade (também compreendida como
dissimilaridade evolutiva entre comunidades; Leprieur et al., 2012).

O ultimo século marcou o aparecimento de um conjunto tedrico significativo sobre o da
sucessao ecologica (Clements, 1916; Gleason, 1927), a ubiquidade e a raridade das espécies

(Fischer et al. 1943; Preston 1948, MacArthur, 1960), a biogeografia de ilhas (MacArthur &
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Wilson, 1967) e a distribuicdo latitudinal da diversidade de espécies (Brown, 1995). Estes
exemplos de teorias heuristicas na ecologia de comunidades, contribuiram consideravelmente para a
compreensao espacio temporal dos padroes de diversidade biol6gica (Rosenzweig, 1995; Magurran,
2004). Dentro deste quadro os morcegos sdao um componente importante da fauna Neotropical, em
termos numéricos de diversidade e que operam importantes funcdes ecosistemicas. Apesar destas
caracteristicas nenhuma anélise abordou a diversidade da comunidade de morcegos no bioma Mata

Atlantica.

3. Morcegos na Mata Atlantica

Os morcegos constituem o grupo de mamiferos mais diversificado do mundo apés os
roedores. No Brasil sdo conhecidas 9 familias, 68 géneros e 178 espécies (Paglia et al. 2012,
Nogueira et al. 2014). Sdo animais de grande significado ecolégico na regulacdo dos ecossistemas
tropicais, pois participam efetivamente no controle das populacoes de insetos, dispersao de
sementes e polinizacdo, atuando assim na recuperacgao de areas degradadas.

Em diversas comunidades tropicais e subtropicais, os morcegos constituem o grupo de
mamiferos mais numeroso, tanto em espécies como em individuos, representando 40 a 50% das
espécies de mamiferos em diversas regioes tropicais. A floresta atlantica, por exemplo, destaca-se
por abrigar grande parte da diversidade de morcegos do Brasil, com mais de 64% do total de
morcegos para o pais (Paglia et al. 2012). E caracteristica deste bioma a presenca de muitas
espécies raras, das cinco espécies consideradas vulneraveis no Brasil, quatro delas estio na Mata
Atlantica: Lasiurus ebenus, Lonchophylla bokermanni, Myotis ruber e Platyrrhinus recifinus.
Outras oito espécies deste bioma sdo consideradas Deficientes em Dados para que seu status de
conservacao seja definido (Machado et al. 2008).

Embora tenham sido realizados estudos com comunidades de quirépteros na floresta
atlantica, dados sobre a composicdo e abundancia de espécies destas comunidades permanecem
escassos, assim como dados a cerca da distribuicdo ao longo do gradiente latitudinal da Mata
Atlantica. Um dos padroes mais visiveis em biogeografia é o gradiente latitudinal de diversidade,
onde a riqueza de espécies diminui com a latitude para a maioria dos principais grupos de
organismos (Willig et al. 2003). A distribuicdo dos mamiferos do Novo Mundo estd em
conformidade como padrao latitudinal cldssico (Simpson, 1964), porém este fator é impulsionado
em grande parte pela alta diversidade dos morcegos neotropicais (Stevens, 2004), portanto segundo
Arita et al. (2014) a compreensao dos processos de diversificagdo que moldam a distribuicdo dos
morcegos do Novo Mundo atualmente, é fundamental para explicar o padrdo geral para todos os

mamiferos.
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A partir das caracteristicas biologicas dos morcegos, alta vagilidade, longo tempo de geracao
e especializacdo trofica diversificada espera-se observar, comunidades discretas em termos de
estruturacdo de comunidades (Clementsian), tal como demonstra Presley & Willig (2010) e Presley
et al. (2009). A distribuicao espacial e a hetergenidade de morcegos na Mata Atlantica ainda nao foi

abordada formalmente. E esta lacuna que o presente documento vem preencher.
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OBJETIVOS

Objetivo geral

O principal objetivo desta dissertacao associada da Rede BioM.A. (PPBIO Mata Atlantica
aprovado 12/2012) é avaliar a heterogeneidade das comunidades de morcegos ao longo da Mata

Atlantica brasileira em varias escalas de amostragem.

Objetivos especificos

- Realizar através de fontes bibliograficas um levantamento de coletas de morcegos ao longo da
Mata Atlantica Brasileira.

- Avaliar a heterogeneidade das comunidades de morcegos ao longo da Mata Atlantica Brasileira.

- Ampliar as listas de espécies para os quirépteros das quatro areas de amostragem da Rede

BioM.A. (PPBIO Mata Atlantica aprovado 12/2012).
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Heterogeneity of bat (chiroptera) communities in the
Brazilian Atlantic Forest.
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Vasconcelos, Thais Kubik Martins and Pedro Cordeiro-Estrela
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Abstract

During the European colonization in Brazil, the Atlantic Forest was the first biome to be
explored. The successive economic cycles and the continued expansion of the human population in
the region during the past 500 years committed to the ecological integrity of natural ecosystems of
the biome. The Atlantic Forest may contain 1-8% of all species of flora and fauna of the world, In
particular bats this biome represent more than 64% of all bats for the country. Bats are one of the
richest groups in species in the tropics, and has a high abundance at the community level, which
makes them an excellent group for the study of structuring communities. In view of this, this article
aims to evaluate the heterogeneity of bat communities in the Brazilian Atlantic Forest, seeking to
verify if the dissimilarity between these communities responds to the latitudinal gradient, which
provides this beta diversity and how the metacommunity bat is structured. For this we use metadata.
Beta diversity analyzes were performed to assess the heterogeneity of biomes and metacomunity
analysis to evaluate its structure. We observed that the community of bats of the Brazilian Atlantic
Forest, are explained by the turnover and have a random spatial structure, unresponsive to
latitudinal gradient. Concluding that the high beta diversity between the bat communities, is mainly
explained by environmental forces and the heterogeneity of study metacommunity expands our
understanding about the mechanisms that involve the structure of biological communities in tropical

ecosystems.

Keywords

Beta diversity, Biogeography, Mammals, Metacommunity, Tropical forest.
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Introduction

The Atlantic Forest stands out from all the Tropical Rainforest of the world, for its long
longitudinal distribution along the Brazilian coast, for its diversity of habitats, its isolation from
other rain forests of the continent and the high degree of fragmentation that qualify as one of 34
hotspots for conservation (Mittermeier et al. 2005). These are important characteristics to explain
the high diversity, endemism and current level of threat of organisms of this biome. It represents the
longest latitudinal gradient of tropical forest in the world (Galindo-Leal & Camara, 2003; Ribeiro et
al. 2009). The climate of the Atlantic Forest is mainly characterized by high temperatures, high
relative humidity, heavy rainfall, frequent fog in some areas and bright light. The evolutionary past
of the Atlantic Forest is marked by periods of contact with biota of other South American forests,
followed by periods of isolation (Prum, 1988; Rizzini, 1997). With that the composition of the
Atlantic biota is composed of both very ancient elements, which differed in the Pliocene, and by
elements that colonized the region more recently, during the transition Pleistoceno - Holocene
(Prum, 1988; Hackett and Lehn, 1997) . According to Silva and Casteleti (2003) the Atlantic Forest
may contain 1-8% of all species of flora and fauna of the world, including more than 20,000 species
of plants, 261 species of mammals, 688 species of birds, 200 species of reptiles, 280 species of
amphibians, and many other species that still require scientific description (Goerck, 1997;
Mittermeier et al., 1999; Silva and Casteleti, 2003). In particular bats this biome represent more
than 64% of all bats for the country (Paglia et al. 2012, Nogueira, 2014).

Bats are exceptional because they usually show wide geographic distributions and present a
high degree of taxonomic and functional diversities (Stevens and Willig 2000), an elevate longevity
(Gaisler, et al., 2003; Podlutsky, et al., 2005;. Munshi-South & Wilkison, 2010) and echolocation
(Lancaster et al., 1995). Bats are one of the richest groups in species in the tropics, and has a high
abundance at community level (Patterson et al., 2001), which makes them an excellent group for the
study of structuring communities. Several studies have approached the structure of bat communities
in relation to species richness and the latitudinal gradient, betadiversity, phylobetadiversity and
diversification (e.g. Stevens & Willig, 2002; Stevens, 2004; Willig & Bloch, 2006; Arita et al.,
2014; Peixoto et al., 2014), generally on large scales, whether global or continental.

Respecting to the betadiversity, many metrics were developed to represent the degree of
heterogeneity and dissimilarity between comunities (e.g., Tuomisto, 2010a). The dissimilarity, or
more commonly called betadiversity (Tuomisto, 2010b), can be composed by two elements, the
nestedness and the turnover (Baselga and Orme, 2012).

More recently, when it comes to structuring communities, the looks have turned to studies

analyzing "metacommunity". With a seminal work published in 2002 by Leibold & Mikkelson, and
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according to them, metacommunity can be broadly defined as a set of ecological communities in
different locations (potentially, but not necessarily connected by dispersion), while that a
community is a group of species in a given location. With this many innovative analytical
approaches have been developed to facilitate the identification, evaluation of the structure and
operation of multi-species along environmental gradient (e.g. Leibold & Mikkelson, 2002; Hausdorf
& Hennig, 2007; Presley et al., 2010). The structure of the metacomunity, from this approach, are
characterized by elements like the pattern of randomness, checkerboard or degree of nestedness, the
turnover and the types of boundary clumping of distribution of species. Understanding the structure
and of biological communities, has shown as an excellent tool for decision making in environmental
monitoring, as the biodiversity indicators (Smith et al., 2012).

In view of this, this article aims to evaluate the heterogeneity of bat communities in the
Brazilian Atlantic Forest, seeking to verify if the dissimilarity between these communities responds
to the latitudinal gradient and which provides this beta diversity and how the metacommunity bat is

structured.

Methods

Literature review

Data collection was done through bibliographic research of selected scientific articles in the
following databases: ScienceDirect  (http://www.sciencedirect.com/), Web Of Since
(http://apps.webofknowledge.com/), Scielo (http://www.scielo.org/php/index.php), EBSCO Host
(http://search.ebscohost.com/) and Google Scholar (http://www.scholar.google.com.br/).

Articles were limited to research over the last 30 years. Only studies in the Brazilian Atlantic
Forest were considered. The following portuguese and english keywords were searched in
combination with  logic operators “AND” and “OR”: bats (morcegos) “OR” chiroptera
(quiropteros) with “AND” abundance (abundancia), diversity (diversidade), ecology (ecologia),
community structure (estrutura de comunidades), Atlantic Forest (floresta atlantica), inventory
(inventario), Atlantic Forest (Mata Atlantica), new species (espécie nova), new occurrence (novo
registro), taxonomic revision (revisao taxondmica), systematics (sistematica).

Some articles were discarded based on the following criteria: (a) limited information about
the taxonomy of species encountered, (b) location outside the limits of the Atlantic Forest and (c)
secondary data from an article already included. A total of 57 references were obtained for analysis,
and coded on a spreadsheet with the following fields: (1) species, (2) locality, (3) municipality, (4)
state, (5) abundance, (6) sampling effort (in h.m?), (7) collection date and the respective museum

number, (8) latitude, (9) longitude, (10) altitude and (11) phytophisiognomy (following the
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nomenclature of Veloso, 1991). We also coded if the study was formed only by captures, by
captures and recaptures (population studies) or by museum specimens. Sampling effort was
registered or calculated and analyzed through a histogram (see Straube & Bianconi, 2002). All
synonyms were standardized following the latest nomenclature for the Brazilian species of bats

(Nogueira, 2014), considering as correct all identifications present in the articles.

Spatial sampling of bats along the Atlantic Forest

We analyzed the spatial pattern of samplings of bats along the Atlantic Forest. The
geographic coordinates of localities were computed from the articles and when not provided, we
georeferenced them in the GIS software QGIS 2.2 (QGIS Development Team 2014). When the
altitude was not specified in the articles, we obtained it on Google™ Earth. We identified sampling
gaps by estimating a kernel density function, in QGIS. To define the buffer size, we calculated the
mean and median of the pairwise geographic distances between localities. Pairwise geographic

distances were calculated using fossil package of R program (Vavrek, 2011).

Exploratory analysis of the spatial structure of communities

We used two different but complementary frameworks to access the spatial structure of the
composition of communities of bats. Firstly, we calculated the multiple site beta diversity, a
metric that considers a total pool of species of all sampling units to verify the Sorensen's index
between more than two sampling units. This index is additively decomposed into the turnover and
nestedness elements, respectively corresponding to replacement and gain or loss of species
(Baselga, 2012). Importantly on this metric, the turnover element is not influenced by the richness
of species between locations. Second we used a pairwise approach that calculates one value of beta
diversity for each combination of two localities. This approach was considered to explore the
latitudinal gradient of the Atlantic Forest. This calculation allows to identify the degree of unicity
(irreplaceability) of each sampling unit which is a key concept for conservation prioritization
(Brooks et al. 2006). This approach was used to explore the spatial autocorrelation of community
dissimilarity. We calculated these metrics of beta diversity on package betapart (Baselga et al.,
2012) in R 3.1.1 program (The R Foundation for Statistical Computing).

We accessed the composition and the species richness at different scales using five
increasing spatial scales as sampling units: the localities, 2.5° and 5° grid cells and biogeographical
regions. The biogeographical regions were defined based on the rivers that literally cut the Atlantic
Forest, generating four regions: Above the Rio Sdo Francisco, below the Rio Sdo Francisco and

above the Rio Doce, Rio Doce below and above the Rio Ribeira do Iguapé and finally the region
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below this (Costa et al., 2000).

We analyzed the pairwise beta diversity matrix visually through a heatmap, with the
localities ordered latitunally by their geographical. As the matrix is very large we complemented
visual inspection of patterns by a qualitative analysis of the compositional heterogeneity of
communities. Of special interest to our study are close localities with high beta diversity (>0.8)
values and distant localities with low beta diversity values (< 0.4). We performed a Pearson
correlation between the number of species by localities and grid cells and sampling effort. Bias in
taxon sampling might produce at least two effects that can mask differences between compositional
units. A high beta diversity between close localities can occur due to random sampling error, for
example the capture of different rare species in close localities. Adversely a low beta diversity
among distant localities for example due to the absence of rare species in the sampling. Both cases

can be detected qualitatively by an experienced bat specialist.

Spatial autocorrelation of betadiversity

We analyzed the spatial autocorrelation of pairwise beta diversity of bats in the Atlantic
Forest with Moran's I index at different spatial scales on an autocorrelogram. From this analysis we
can obtain which class of geographic distance has a significant spatial autocorrelation of beta
diversity. We calculate for all sampling units (locality, 2.5° and 5° grid cells), except biogeographic

regions.

Structure of the species occurrence matrix

One paradigm used for the analysis of metacomunity has been proposed by Leibold and
Mikkelson (2002) which consist into the analysis of the structure of the occurrence matrix of
species/locality. Of special interest is the analysis done by de la Sancha and collaborators (2014) on
“metacom” R package (Dallas, 2014), unities of small mammals in the Atlantic Forest. As the
natural history of bats is different in many aspects from small mammals (for example, the dispersal
capacity and generation time) although similar in class size and species diversity, also analyzed our
dataset within this framework. The exploratory analysis done previously with beta diversity index
allows us to choose the proper null models for simulations to test the significance of presence-
absence matrix on respect to .We use the null model "SIM6" (Gotelli, 2000) that holds the number
of rows and uses the probability as relative frequency of species for the null matrices, because we
considers that the degree of rarity or commonness on our database represents the real degree on
nature. Moreover, this null model are less prone to error type I (Gotelli, 2000). To check the

structure of the ordinated presence- absence matrix, we used the “metacom” package (Dallas,
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2014) in the statistical environment R, initially to assess their coherence. Still following Leibold
and Mikkelson (2002), we want to detect this three elements of metacommunity structure:the
coherence, the species substitution, and the clumping of border distributions. Together, the analysis
of these three elements identify which pattern better reflects the structure of communities, they are:
chess, nested, Clementsian, Gleasonian, evenly spaced and random distributions (for details see

Presley et al., 2010 and Dallas, 2014).

Results
Sampling of bats along the Atlantic Forest

We registered data from fifty-seven articles, encompassing 104 bat species (after
synonymies), 55 genera and nine families (Emballonuridae, Furipteridae, Molossidae, Mormopidae,
Natalidae, Noctilionidae, Phyllostomidae, Thyropteridae, Vespertilionidae). Three hundred forty-
two localities were recorded (figure 2), distributed in 194 municipalities in 13 Federal units
(Alagoas, Bahia, Ceard, Espirito Santo, Minas Gerais, Paraiba, Pernambuco, Parand, Rio de Janeiro,
Rio Grande do Sul, Santa Catarina, Sergipe, Sdo Paulo) within the Atlantic Forest biome. The
intensity of sampling sites evaluated from the kernel density map (figure 2), showed an uneven
distribution of sampling sites to the exception of the state of Parana. Foci with higher concentration
of collection localities are found in the states of Parana, Rio de Janeiro, Minas Gerais, and Southern
Bahia. Secondary foci in intensity o sampling sites can be found in the states of Sdo Paulo, Sergipe,
Pernambuco and Alagoas. Areas of low sampling intensity (of published results) include the
southern states of Santa Catarina and Rio Grande do Sul, Western Sao Paulo State, Espirito Santo
and North-Central coastal areas of Bahia and interior forests of Bahia, Piaui and Ceard states.
Despite these sampling gaps sampling was evaluated a large area with a maximum of 3,193 km
between sampling localities, and an average of 562.3 km (figure 1a). Of the 57 articles, 28 papers
presented or allowed to calculate the sampling effort that had an mean of 19,140 m2h, and a
median of 19,140 m2.h and a standard deviation of 30759.84 (figure 1b). Richness was significantly
correlated to sampling effort (p < 0.05, R? = 0.45) at the 2.5° scale. For the other scales the

correlation was not significant.
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Exploratory analysis of the spatial structure of communities

Values of beta total diversity were high for all scales analyzed (Table 1). The beta diversity
values decreased in larger spatial scales ranging from 0.99 to 0.48 between locations between
biogeographic regions. The dissimilarity in all scales was explained by turnover (Simpson). We
analyzed the total beta diversity index including in the grid only localities with a sampling effort
superior to the median (n= 27). Only one location had a beta diversity inferior to 1 (Sorensen =
0.89), all other exhibited complete dissimilarity in the whole. Calculating the beta diversity
(Sorensen, Simpson and Nestedness) between these locations still observed a high dissimilarity
(Sorensen = 0.99).

Assessing the latitudinal gradient of beta diversity pairwise, we observed lower values
mostly when comparing nearby villages. Localities nearby who had high values of can be explained
by the fact that their locations have few species and these are not very common in other species.
Analyzing qualitatively the matrix of pairwise with 116,964 pairs noted that 38% of the locations
are close and have a high beta diversity and 9.36% are far and have a low beta diversity. This is due
to the first case in these locations present mostly the record of a single species and in the second

case have many common SpECiES.

Table 1. Beta diversity values (Sorensen's index) computed between units of increasing spatial scale

(Localities, 2.5° 5° grids, and biogeographical regions- RBG) and their elements turnover and

Nestedness.
Spatial Scale | Sorensen | Turnover | Nestedness
Localities 0.99 0.98 0.01
Grids 2.5° 0.91 0.77 0.14
Grids 5° 0.79 0.59 0.19
RBG 0.48 0.38 0.09

A visual exploratory analysis of the heatmap of pairwise beta diversity matrix ordered by
latitude allowed to evaluate the structure of communities qualitatively. In the first instance, in
almost all scales of analyses, the structure of communities did not presented an ordered pattern,
with no apparent regionalization. The heatmaps with the matrices with turnover and Nestedness
values was not very informative as the beta diversity values are dominated by turnover.
Nevertheless the additive decomposition as interesting visual consequences as the turnover heatmap
are somewhat a “photographic” negative of Nestedness values. In Figure 3 matrix presents no
clusters, with high levels of beta diversity scored throughout the matrix. In Figure 4, as can be

observed from totals for Sorensen index, there is a high beta-diversity, characterized by a very dark
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line in the number of cells 46, 44 and 42 in relation to the number of cells 74 and 81, which turn has
a high dissimilarity compared to the rest of the matrix. The last two cells have a single location and
in particular, the cell 81 has a single species, Anoura caudifer (E. Geoffroy, 1818) that even though
well sampled on the number of locations that occurs (n = 53), generated increased Sorensen index
along the matrix (latitudinally). The cell 44 in particular has five species, where four of them are
insectivores, not being shared with other sites. In this matrix has a high beta diversity in grid cells
that make up the south of Bahia, Minas Gerais and Rio de Janeiro, compared to the boxes at the

southern limit of the Atlantic Forest.
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In the 5° by 5° cell grid matrix (Figure 5), there was greater homogeneity of the
betadiversity, with on the south end where the grid contains only a single species, consequently
bringing the index. The matrix of biogeographic regions (Figure 6) to a single cluster in the far
south compared to the north end total dissimilarity, occurring between these two regions of the

biome, Followed by a decrease of beta diversity in the central region of the biome.
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Test of spatial structure and Spatial autocorrelation of beta diversity

The spatial autocorrelation test performed for the localities, 2.5° and 5° grid cells is
presented in details in autocorrelograms (respectivaly figures 7, 8, 9). For localities scale there was
no spatial correlation to Turnover (p >0.05), but a significant positive autocorrelation for
Nestedness and hears Sorensen on a distance class of 74.7 km (p <0.05), indicating that in small
distance scales there is a strong effect of spatial correlation. To 2.5 and 5 grid cell there was no

spatial correlation in any distance class (p< 0.05).
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Structure of the species occurrence matrix

The structural analytical differentiation in the meta community bats revealed an incoherence
matrix, there is no coherence on matrix, indicating a random pattern of metacommunity structure (z
=1.92, p = 0.053). Less than the expected species substitutions (z = 0.86, p > 0.001) and species
vary boundaries is significantly different from the expected zero (Morisita's index = 15.8, p = 0).

The ordinated matrix can be visually in Figure 10.

Species

Localities
-;---iinr---
sl —

Fig. 10. The ordered matrix by similarity of sites (rows) by species (columns). Black rectangles

indicate a species occurrence at a site.
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Discussion

During the European colonization in Brazil, the Atlantic Forest was the first biome to be
explored. The successive economic cycles and the continued expansion of the human population in
the region during the last five hundred years committed to ecological integrity of natural ecosystems
of the biome (Galindo-Leal & Camara, 2003). Although scientific research centuries, the Atlantic
Forest is still unknown. According to Bernard et al. (2011) about 60% of the Brazilian territory is
not reported with formal records of bat species and this percentage the Atlantic Forest, in relation to
other Brazilian biomes has about 80% of its territory sampled. Yet none of the Brazilian biomes can
be considered minimally sampled (Bernard, 2012). Our results point to the southeast, and south of
Bahia and the state of Parané as the scheduled best regions (over 70% of total recorded species),
followed by the region comprising the states of Pernambuco and Paraiba (with just over 50%). The
other regions are configured as poorly inventoried. This is mainly due to absence formally
published inventories, not to mention of course that some jobs may not have filters by our methods.
However Bernard et al. (2011) also states that it will take 33 years before all the country has at least
a formal record of bat species, the pace of inventory remain the way it is. In addition to another 200

years before we can consider Brazil minimally sampled for its bat fauna.

Sampling of bats along the Atlantic Forest

he total richness found (n = 104) corresponds to more than 91% of the bat fauna of the
Brazilian Atlantic Forest (Paglia et al. 2012). The highest concentration of collection in the
southeastern states was expected, especially for the largest concentration of bats inventories in the
region, and the number of researchers (Bernard et al., 2011). The sampling ffforts specified in the
articles or calculated following Straube & Bianconi (2002) showed a wide range in the various
papers. As demonstrated in 5 grid cells there is a significant influence of effort on richness of
species. Even without observing significant values in the correlation of richness with other spatial
scales, it is clear that the sampling effort can influence the composition of bat species in the Atlantic
Forest, as demonstrates Bergallo and collaborators (2003). In spite of this, metric used to calculate
Turnover index (Baselga, 2012) is not affected by different richness of localities, so it is a consistent
metric. Analyzing different scales is evident that the high dissimilarity in smaller scales may have
been skewed by the different sampling efforts in the different articles and especially because some
localities submit the record of a single species, yet not different from this, many studies show a
decrease of beta diversity with the increase of the geographical range (e.g. Lennon et. al., 2001).

Observing Table 1 we can thus say that the total beta diversity (Sorensen) is similar in

almost all scales. However, when it is partitioned on turnover and Nestedness, it becomes clear that
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the processes underlying beta diversity are clearly different. The variation of beta diversity between
bat communities in the Atlantic Forest was explained at all scales by turnover. These elevate values
of turnover implies the elevate substitution of species as a result of environmental or spatial filter
and historical restraints (Qian et al., 2005, Baselga, 2010). But we didn't observe the elevate
turnover concentrated between biogeography regions.

Analyzing the beta diversity index only in localities with more effort (Effort> median)
observed clearly that high beta diversity is not necessarily caused by sub samples, further
strengthening the pattern of random matrices. Suggesting that the high beta diversity could be
related with environmental gradients, and several studies have already shown a strong relationship
between species richness and environmental gradient, especially temperature (eg Weber, 2009;.
Stevens, 2013). The high beta diversity between areas with high effort (which in theory are well
sampled), also shows that much can be discovered on bat communities in the Atlantic Forest,
especially in relation to the increase of richness, not surprising that new records have appeared to

biome (e.g. Gregorin et. al., 2014; Vilar. et al., 2015).

Elements of metacommunity structure

Visually there is a random pattern in ordered matrix for the utilized scales, withouta
latitudinal ordination. Rodriguez and Arita (2004) studying the beta diversity of mammals in North
America and its relationship with the latitudinal gradient, did not find any pattern of relationship
between beta diversity and latitude. Since Lomolino and Brown (1998) assumed that beta diversity
will increase with decreasing latitude, corresponding to patterns at scales greater bars and latitudinal
width (Stevens and Willig, 2002), we could observe a elevate betadiversity between localities on
high latitudes of atlantic rainforest. Or it may be possible that a wider range of latitudes it is
necessary to detect beta diversity patterns for bats than for non-flying mammals (Rodriguez and
Arita, 2004), like a biogeographic regions on atlantic rainforest determined by non-flying small
mammals.

Given the high beta diversity among bat communities, refute the hypothesis that, due to
flight capability, which gives good dispersing bats possibilities (Presley & Willig, 2010), there is a
greater chance of communities have greater oscillations in species composition, thus increasing the
chances of finding a stochastic pattern due to this high dynamics. Yet despite the array ordered not
consistent, this does not necessarily indicate a pattern. Tonial et al. (2012) analyzing beta diversity
in faunas from Tocantins river valley, suggests that for small scales beta diversity has a strong
stochastic component, being mainly determined by dispersion. The bat communities along the

Atlantic Forest are structured stochastically without latitudinal ordination, as like beta diversity.
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Other suggestion of Willig and Moulton (1989) is that the many guilds of bats can overshadow
patterns of structuration of communities.

Willig & Moulton (1989), evaluating the structure of bat communities in the Cerrado and
Caatinga of northeastern Brazil, through morphological patterns observed a random structure.
Demonstrating the competition influences or not in structuring the bat community for the studied
biomes. Finally these authors concluding that the spatial and temporal heterogeneity characteristic
of northeastern Brazil, combined with the mobile nature of bats, could decrease the intensity, scope
or predominance of deterministic interactions, thus leading to indistinguishable ecomorphological
structure produced by stochastic processes. And it helps a lot to explain this random pattern in our
results. However Presley & Willig (2010) studied metacommunity structure of bats in the Caribbean
islands, found a Clementsian structuring (discrete communities with groups of species that replace
other groups of species along the gradient), where the structure of metacommunity analyzed for
scale was mainly dependent on the number and geographical layout of the primary sources of
colonization, not of interspecific interactions of environmental tolerance levels or physical
characteristics of the islands. It is worth considering that, Isles of studies can be more easily
detected patterns structuring metacommunity because factors such as distance and size between the
islands can increase the chances of structuring. Similar structure found Lopez-Gonzalez (2012),

analyzing metacommunity of bats in Mexico analyzing continuous areas.

Conclusions

We conclude that the community of bats of the Brazilian Atlantic Forest, are explained by
the turnover and have a random spatial structure, unresponsive to latitudinal gradient. Also
concluded that the high beta diversity between the bat communities, is mainly explained by
environmental forces. Even among regions with high heterogeneity sampling rates remain high. The
heterogeneity of study metacommunity expands our understanding about the mechanisms that
involve the structure of biological communities in tropical ecosystems. Besides acting as an
excellent tool for decision-making in environmental monitoring proposals.
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Distribution extension of Ametrida centurio Gray, 1847 (Chiroptera,

Phyllostomidae): First record in the Brazilian Atlantic Forest.

Emmanuel Messias Vilar, Hannah Nunes, Jorge Luiz do Nascimento

and Pedro Cordeiro-Estrela

Ametrida Gray, 1847 is a monotypic genus with Ametrida centurio as the type species,
whose holotype correspond to a specimen from the state of Para (Brazil) deposited at the Natural
History Museum, London (Peterson 1965). This small fruit-eating bat is endemic to the Neotropics,
occurring in Trinidad and Tobago, Netherland Antilles, Panama, Venezuela, Guyana, Surinam,
French Guiana and Brazil (Husson 1962; Gardner 2007; Miller et al. 2008). In Brazil, its known
distribution is limited to the Amazon basin and has been recorded only in the states of Amapa
(Peracchi et al. 1984; Silva et al. 2013), Para (Gray 1847), Amazonas (Bernard 2001), and Mato
Grosso (Pine et al. 1970). Herein, we present the first record of Ametrida centurio in the Atlantic
Forest biome, extending the range of the species in approximately 1,500 km from its easternmost
locality. The record was made during a campaign within the project Rede BioM.A. Inventarios
(MCT/CNPq n° 35/2012; belonging to the Programa de Pesquisa em Biodiversidade, PPBIO) in the
Guaribas Biological Reserve (GBR), located in the municipality of Mamanguape, state of Paraiba,
Northeastern Brazil (Figure 1).

The area is located within the Atlantic Forest biome and is composed of a mosaic of
seasonal semi-deciduous forests and typical savanna formations on sandy soils, with an average
annual rainfall and temperature of 1,700 mm and 24°C-26°C, respectively (Barbosa et al. 2011).
This reserve, established in 1990, comprises 4,054 ha divided into three fragments: Sema 1 (710
ha), Sema 2 (2,982 ha) and Sema 3 (362 ha) and holds some of the last remaining native vegetation
within the Pernambuco Center of Endemism. This biogeographical sub-region of Atlantic Forest has
been under long and intense fragmentation scheme, with only 12% of the original vegetation range
remaining (Ribeiro et al. 2009). A severe process of extinction of vertebrates has been documented
in the northeastern Atlantic Forest, and most species have survived only in legally protected areas

(Canale et al. 2012).
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Figure 1. Marginal Localities reported to Ametrida centurio, including the new record for the Atlantic Forest in the
state of Paraiba (star): (1) Guaribas Biological Reserve, Mamanguape, Paraiba (present study); (2) Belém, Para (Brazil),
type locality (Gray 1847); (3) Serra do Roncador, Mato Grosso (Pine et al. 1970); (4) Santa Luzia do Pacui, Macapa,
Amapa (Peracchi et al. 1984); (5) 80 km north of Manaus, Amazonas (Bernard 2001); (6) Cayenne, French Guiana
(Brosset and Charles-Dominique 1991); (7) Moengo, Surinam (Gardner 2007); (8) Kartabo, Guyana (Gardner 2007); (9)
Distrito Federal, Pico Avila, 5 Km NNW Caracas, Venezuela (Gardner 2007); (10) Barro Colorado Island, Canal Zone,
Panama (Reid 1997).

One specimen of Ametrida centurio was captured (SISBIO license number: 41683-1) in the
Sema 2 (6°43'44.9" S, 35°08'22.4" W), on May 31st 2014 at 19:30 h in a mist-net (3.0 m x 2.5 m)
placed at canopy level (8.3 m height) during a new moon night with a total sampling effort of 12,450
m?h (10 nights for all the campaign). The individual is an adult male with testes descended and
presents all the diagnostic features listed for A. centurio in the literature according to the
descriptions of (Peterson 1965; Gardner 2007). The specimen is small and has a large mouth, the
dental formula is 2/2, 1/1, 2/2, 3/3 x 2 = 32. Eyes are large with a swollen pad under each eye and an
yellowish iris (Figure 2a). The noseleaf is yellowish, small, wide, and positioned against the face
without any spacing (Figure 2b). It has two conspicuous symmetric white spots on each shoulder
and two on each side of the neck. The specimen collected also presents pelage previously
undescribed for A. centurio: two white spots at the mediolateral portion of the thorax and a semi
circular spot around the penis (Figure 2c). The individual presents two chest glands and two glands
close to the axillae, mentioned in the literature by Dobson (1878) and Peterson (1965) (Figure 2b).

The dorsal fur is composed of hairs with three distinctly colored bands from the base to the tip:
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brown, white and brown. The skull has a distinctive short rostrum and a rounded cranium (Figure 3).
Cranial and external measurements were taken with a digital caliper to the nearest (0.01 mm) and
are provided in a comparative table (Table 1). The specimen was prepared as a standard skin and
skull voucher with associated tissue samples and is deposited in the Collection of Mammals at the
Federal University of Paraiba, under the number UFPB 9154.

This study extends the distribution of the species and provide the first record for the Atlantic
Forest. Since Ametrida centurio is a rare species where it occurs (Peterson 1965; Lee and
Dominguez 2000), some comments must be made on this extension, first about the biogeographical
significance of the finding, secondly about the landscape characteristics where it was collected, the
historical sampling effort in the area and finally about the stratum where it was collected. These
comments are intended to evaluate whether this unexpected record is due to the rarity of this species
or due to the lack of knowledge regarding the bat fauna from Northeast Brazil considering the

scarcity of studies that used mist nets placed in different vegetation strata.

Figure 2. Adult male of Ametrida centurio (UFPB 9154) from Guaribas Biological Reserve, municipality of
Mamanguape, state of Paraiba, northeastern Brazil (a) Detail of the face, especially the yellowish iris (b) Lateral view,
highlighting the glands below the armpits (c) Frontal view, especially the white spots on the shoulders, chest and the

semi-circular spot around the penis. The left foot was not properly lit to appear in image c. (Photos by E. M. Vilar).
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Table 1. External and cranial measurements (in grams [Body mass] and millimeters) of the Ametrida centurio

collected in the Atlantic Forest, compared with measurements provided by Peterson (1965), N (sample size).

Measurements Mean + SD, Range (N)
Present study Peterson (1965)
(¢ UFPB
9154)
Males Females
Body mass 8 7.8 (1) 10.1 (2)
Total length 44 40, 3546 (3) 47, 40-53 (4)
Hind foot length 8 - -
Ear length 15 13, 11-15 (5) 13.7, 11.5-15 (7)
Tragus length 5 — —
Calcaneus length 5 4.8,4.3-5.1 (8) 4.8, 3.5-5.5 (10)
Forearm length 25.5 25.4+0.5, 24.6-26.5 (12) |32.1+0.8, 29.8-33.2 (13)
Greatest length of skull 14.65 1540.3, 14.5-15.7 (11)  |16.2+0.3, 15.6-17.1 (10)
Condylobasal length 11.90 12.0+0.2, 11.8-12.7 (11) |13.540.1, 13.2-13.6 (9)
Height of braincase 9.13 - -
Breadth of braincase 8.52 8.31£0.1, 8.1-8.5 (9) 8.7+0.3, 8-9.1 (10)
Mastoid breadth 8.8 8.9+0.1, 8.8-9.2 (8) 9.7+0.2, 9.2-10.1 (8)
Zygomatic breadth 10.34 10.4+0.2, 10.1-10.8 (11) |11.3+£0.2, 10.8-11.7 (13)
Postorbital constriction 3.66 3.3£0.08, 3.2-3.5 (9) 4.2+0.1, 3.8-4.5 (11)
Palate length 5.8 - -
Palate breadth (M3-M3) 4.95 — —
Palate breadth (M1-M1) 3.92 7.2+0.08, 7.1-7.4 (11) 7.8+0.2, 7.6-8.3 (13)
Breadth across upper canines 4.17 — —
Breadth across upper molars 7.25 — —
Length of maxillary toothrow  4.48 4.3+£0.08, 4.2-4.4 (9) 4.74£0.1, 4.5-5.2 (11)
Length of mandible 8.38 — —
Length of mandibular toothrow |4.74 — —
Coronoid process height 3.29 — —
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Figure 3. Skull of Ametrida centurio (UFPB 9154) on lateral dorsal and ventral views and mandible on lateral view.

The finding of a predominantly distributed Amazonian species in northeastern Brazil is not a
surprise since other mammals with a similar geographic distribution are found within the Atlantic
Forest of northeastern Brazil: the primate Alouatta belzebul (Linnaeus, 1766) (Gregorin 2006;
Nascimento et al. 2008), the carnivore Potos flavus (Schereber, 1774) (Sampaio et al. 2013) and the
anteater Cyclopes didactylus (Linnaeus, 1758) (Hayssen et al. 2012; Miranda and Superina 2010).
The connection between the two main forested biomes of South America has already been
suggested through two routes (Costa et al. 2003, one via the northeast of the Atlantic Forest and
another one through its southwest Steiner-Souza et al. 2008; Percequillo et al. 2011). Thus the
finding of A. centurio supports the existence of a connection between the two major Neotropical
rainforests. However, two aspects of this occurrence make it unexpected, the landscape context in
which the specimen was collected and the sampling intensity to which the area has been subject to.

The landscape context of the occurrence of A. centurio in the Atlantic forest of Northeastern
Brazil in singular since the region is very fragmented, with few large and many isolated remnants.
The GBR was greatly affected by human activities before becoming a protected area. From the
1950's to the 1980's it was subjected to selective logging of hardwoods (especially Brazil wood,
Caesalpinia echinata Lam.), was used for crop plantation (corn, pineapples, cassava, beans,

pumpkins), horse breeding around some human settlements with intense hunting activity (one of the

53



symbols of the Reserve, the primate Alouatta belzebul, went extinct before its creation and has since
been reintroduced).

The findings of A. centurio would be less significant had the area been poorly sampled
which is not the case, and reinforces the fact that sampling bats with understory mist nets result in
subsamples. For Atlantic Forest regions the minimal effort recommended to sample the majority of
phyllostomid species for a site is around 1,000 captures (Bergallo et al. 2003). In the Guaribas
Biological Reserve about 4,000 captures of bats have been made over less than a decade
(unpublished data from field notebooks, research reports, and voucher specimens at the Collection
of Mammals at the Federal University of Paraiba).

The finding of A. centurio within a fragmented landscape and within a relatively well
sampled area might be explained by its capture in the upper canopy stratum. The importance of the
upper forest strata to the neotropical bat communities has been discussed in some studies (e.g.
Bernard 2001; Pereira et al. 2010; Carvalho et al. 2013). However, the quantification to which this
strata is important to estimates of richness and bat community composition has been seldom
analyzed. The present note which highlights the occurrence of A. centurio, a canopy specialist
(Bernard, 2001), reinforces recent findings of two species of aerial insectivorous bats, Molossops
temminckii (Burmeister, 1854) and Diclidurus albus (Wied-Neuwied, 1820), recorded in the same
conservation unit for the first time to the state of Paraiba, due to captures at canopy level (Ferreira et
al. 2013; Nunes et al. 2013). Based on these observations, the occurrence of A. centurio in the GBR
confirms the increasing need to sample in canopies and highlights the regional importance of the

GBR at a regional scale in the national system of conservation units of Brazil.
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Inventarios de morcegos na mata atlantica: Banco de dados de coletas
na construcao de um “Data Paper”.

Emmanuel Messias Vilar & Pedro Cordeiro-Estrela

Introducao

No cenério global de perda de biodiversidade, torna-se imprescindivel conhecer a fauna e
flora remanescentes, bem como os fatores que causam tal perda. O estudo primadrio da fauna e flora
é feito através de inventarios de espécies. Quando associados ao conhecimento da ecologia das
espécies e aos fatores que afetam suas abundancias e ocorréncias, os inventarios sao essenciais para
subsidiar a conservacdo de espécies (Stotz et al. 1996, Rocha et al. 2003). Para cada taxon estudado
geralmente ha necessidades distintas de inventario: areas bem conhecidas para um taxon podem ser
desconhecidas para outros, épocas de coleta podem ser distintas, assim como locais e métodos. Mas
sempre que se for estudar tanto o uso do solo como o efeito do clima, o inventario consiste na
informacdo primdria. Inventarios sdo ainda o passo inicial para monitoramentos. Através de
inventarios pode-se ainda conhecer a diversidade de parasitos e estabelecer as bases para estudos de
ecologia de doencas, o que sdo essenciais para se entender os processos de emergéncia e re-
emergéncia de zoonoses. De fato, o aumento na incidéncia de doengas emergentes e re-emergentes
como as ebola, hantaviroses, SARS tem causado preocupac¢do em todo o mundo, por apresentarem
risco a satude publica, aos animais de criacdo e a biodiversidade (Daszak et al. 2000, Morens et al.
2004, Jones et al. 2008). Em vista disto o projeto no qual foi desenvolvido o presente estudo
Inventarios (MCT/CNPq no. 35/2012; pertencente ao Programa de Pesquisa em Biodiversidade,
PPBIO) associado a Rede BioM.A. tem como principal objetivo realizar o inventario de espécies de
nove grupos taxondmicos definidos a priori: mamiferos, aves, anfibios, drosofilideos, Netamodeos,
PLatyhelminthes, Tripanossomatideos, Hantavirus, Rickettsia. Tais inventarios irdo contribuir para o
preenchimento de lacunas de conhecimento sobre a biodiversidade em areas de grande relevancia
ecoldgica e consideradas prioritarias para a conservacdo no bioma da Mata Atlantica, definidas
como as 4reas de amostragem integrada da Rede BioM.A. (Reserva Biolégica Guaribas-PB, Area de
Protecio Ambiental Pratigi-BA, Parque Nacional da Serra dos Orgédos-RJ, e Parque Estadual da
Serra do Tabuleiro-SC).

Entre os produtos esperados pelo projeto estdo (1) a publicacdo dos resultados em periddicos
cientificos e de divulgacdo cientifica e (2) a producao e divulgacao de listas de espécies dos grupos
estudados para a Mata Atlantica. Atrelada a estas publicaces a politica de dados exige que os dados
brutos coletados estejam organizados e disponiveis, proporcionando uma maior democratizacao do

conhecimento e facilitando o intercambio deste. A organizacdo de dados biolégicos permite o acesso
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e uso aos dados. Diversos formatos de dados e de metadados tem sido propostos para seu
armazenamento em banco de dados fomentando o surgimento de uma nova area, a informatica da
biodiversidade. Tais iniciativas tem culminado da criagdo de repositorios de dados nomenclaturais
(Species 2000, ITIS Catalogue of Life), nomenclaturais e biolégicos (FishBase), ou de ocorréncia
(GBIF). A conexao entre bancos de dados para a partilha e analise de informacdes tem sido um
desafio em todas as areas da informatica. Grupos de trabalho tem elaborado formatos genéricos, ou
padroes, que permitem esta interconexdo. Bancos de dados biol6gicos tem se desenvolvido a partir
de padroes como o DarwinCore (padrao para dados biolégicos de ocorréncia desenvolvido pelo
TDWG) ou EML (Ecological Metalanguage). Estes padrdes forem recentemente utilizados para o
desenvolvimento do Sistema Brasileiro de informacdo da Biodiversidade (SIB-Br). Porem, um dos
principais desafios destes sistemas é incentivar pesquisadores a formatarem e disponibilizarem seus
dados. O aparecimento de publicacdes especificas para esta area tem surgido no formato de DATA
PAPERS ou artigos que descrevem um conjunto de dados. A presente se¢ao vem estruturar COmo 0s
dados coletados no ambito do programa PPBIO serdao formatados e disponibilizados servindo assim

para outros componentes do projeto e descrevendo as coletas realizadas no periodo deste trabalho..

Data paper

“Data paper” (documento de dados) é um documento de metadados pesquisaveis,
descrevendo um conjunto de dados em particular ou um grupo de conjuntos de dados, publicados na
forma de um artigo de revisdao por pares em uma revista académica. Ao contrario de um artigo de
pesquisa convencional, o objetivo principal de um documento de dados €é para descrever os dados e
as circunstancias de sua colecdo, em vez de denunciar hipoteses e conclusoes. O GBIF (The Global
Biodiversity Information Facility), que é uma plataforma internacional de dados abertos, tem
trabalhado em parceria em publicacdes académicas para promover os datasets (conjunto de dados)
como um meio de levar créditos e reconhecimento a todos os envolvidos na publicacdo de dados,
afim de alertar a comunidade cientifica para a existéncia de conjuntos de dados de biodiversidade e
o valor que eles podem trazer para determinados projetos de investigagao.

Para a geracdo do Data Paper o GBIF tem trabalhado com “Pensoft Publishing” para
desenvolver um fluxo de trabalho para gerar um papel manuscrito de dados usando o “GBIF
Metadados perfil”, fornecida como parte do “Integrated Publishing Toolkit (IPT)”. O mesmo
documento pode ser usado como metadados para o conjunto de dados publicados através GBIF ou
qualquer outra rede de dados, e submetidos a avaliacdo por pares seguindo os procedimentos
normais de qualquer revista para aceitar esse tipo de publicacdao. O “Integrated Publishing Toolkit

(IPT)” é uma ferramenta de software livre de c6digo aberto escrito em Java, que é usado para
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publicar e compartilhar conjuntos de dados de biodiversidade através da rede GBIF. Projetado para
a interoperabilidade, que permite a publicacdo de contetido em bancos de dados, planilhas do

Microsoft Excel ou arquivos de texto utilizando padrdes abertos.

Métodos empregados na coleta de dados

Areas de estudo
Os campos foram realizados em quatro areas ao longo do gradiente latitudinal da Mata

Atlantica brasileira (Figura 1):

Reserva Biolégica Guaribas/PB:

Com 4.320 hectares, representa o extremo norte da Mata Atlantica, situando-se proxima ao
Cento de Endemismo de Pernambuco (Silva et al. 2004). A reserva abriga um mosaico de florestas
semi-deciduas e de savanas (tabuleiros) com fauna e flora ainda pouco conhecidas e registro
histérico de mudancas vegetacionais (IBGE 1993, Pessenda et al. 2010). A reserva situa-se numa
regido afetada concomitantemente pelas oscilagdes climaticas ENSO e TSA (Andreoli & Kayano
2006). Por sua localizacdo, é potenciamente uma area onde mudangas climaticas e vegetacionais

serdo sentidas precocemente (Hannah 2011).

APA Pratigi/BA:

Com 85.686 hectares, contém 32.600 remanescentes de Mata Atlantica preservada, o que
corresponde a 31% do total de Mata Atlantica de todo o Baixo Sul baiano. A APA do Pratigi foi
definida como érea prioritaria para formagao do “Corredor Ecolégico Central” da Mata Atlantica,
que conecta a Bahia ao Espirito Santo, além de localizar-se em posicdo estratégica no centro das
cinco Areas de Protecio Ambiental do Baixo Sul. H4 ainda deficiéncia de informacdes para grande

parte dos taxons que ocorrem neste local.

Parque Nacional da Serra dos Orgaos — PARNASO/RJ:

Com 20.000 mil hectares, é um dos principais remanescentes de Mata Atlantica no estado do
Rio de Janeiro, internacionalmente reconhecido com Reserva da Biosfera (RBMA 1996), area-
chave para a conservagdo da biodiversidade no leste brasileiro (Eken et al. 2004, Bencke et al.
2006). A Serra dos Orgéos foi identificada pelo Ministério do Meio Ambiente como 4rea de extrema
importancia biolégica por sua flora, fauna de vertebrados, invertebrados e fatores abi6ticos (MMA

2002). Sua avifauna é particularmente importante, representando 65% do total de espécies
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endémicas do bioma (Bencke et al. 2006); ainda, o parque abriga um dos tinicos estudos de longo
prazo (15 anos) de mamiferos do Brazil (Loretto 2012) e ocupa posicdo central no Corredor
Ecoldgico da Serra do Mar (Aguiar et al. 2005), definido como uma das areas estratégicas pelo
Projeto Parques e Reservas (MMA, SCA, IBAMA, 2001) e para o Mosaico da Mata Atlantica
Central Fluminense (Costa et al. 2010).

Parque Estadual Serra do Tabuleiro/SC:

Com 85.000 hectares, é a maior UC de protecdo integral de Santa Catarina, ocupando
aproximadamente 1% do territério deste estado. O parque abrange cinco das seis grandes formagdes
vegetais do bioma Mata Atlantica encontradas no Estado, incluindo floresta ombrofila densa e
mista, restingas, maguezais e estepe ombrofila. O parque possui 54% da fauna de mamiferos
terrestres conhecida para o estado (Cherem et al. 2011) sendo 15% delas ameacadas de extingdo
(IUCN 2010). Apesar da sua importancia para a conservacao, ha ainda deficiéncia de informacdes

para grande parte dos taxons que ocorrem neste local.
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Figura 1. Mapa exibindo os quatro pontos de coleta na Mata Atlantica, destacando os cinco pontos

de amostragem em cada drea.
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Meétodo de Coleta

Dois campo foi realizado em cada area no curso de um ano, com durac¢do de 10 noites cada,
com cinco pontos de amostragem em cada area. Proximos aos transectos determinados para
drosofilas e pequenos mamiferos. Para capturar os morcegos foram utilizados dez redes de neblina
com as seguintes especificacoes: 5 redes de 12 x 2,5 m, duas redes de 7 x 2,5 m, 3 redes de 3 x 2,5
m (redes de dossel), todas com malha de 20 milimetros. A elevacdo das redes dossel seguiu o
protocolo de Pedrosa-Ferreira (2013). Em cada area foram escolhidos cinco pontos de amostragem,
com uma amostragem de duas noites em cada ponto. As redes foram examinados a cada 30 minutos
de intervalo, com inicio as 18:00h e termino as 00:00h. O esfor¢o de amostragem foi representado
utilizando a forma de h.m? (Straube & Bianconi 2002). Os animais foram identificados com base
nos trabalhos de Vizotto & Taddei (1973), Anderson (1997), Gregorin & Taddei (2002) e Gardner
(2007). Os animais coletados nas quatro areas estdo depositados nas colecGes: Colecdo de
Mamiferos da Universidade Federal da Paraiba, Colecdo de Mamiferos Alexandre Rodrigues
Ferreira — CMARF-UESC, Colecdo Zoologica da FURB — CZFURB e Museu Nacional.

Para cada morcego foram recolhidas informagdes gerais/ecologicas, morfométricas, tecidos,
endo e ectoparasitos:

1. Gerais/Ecoldgicas: area de coleta, ponto de coleta, coordenadas geograficas, data de coleta,
espécie, sexo, extrato em que foi capturado (se dossel ou sub-bosque), horario, condicdo
reprodutiva, peso.

2. Morfométricas: antebraco, comprimento de corpo, orelha, trago, pé (com e sem unha), calcaneo e
comprimento da cauda.

3. Tecidos: figado (para sequenciamento genético, diagnosticos de infecgdes virais); baco (parasitos
e biologia molecular); rim, pulmdo, coracdo (infecgdes virais); sangue/soro (infec¢Oes virais e
tripanossomatideos, coletados nos estados da Paraiba e Santa Catarina).

4. Endoparasitos: Helmintos (coletados nas campanhas da Bahia e do Rio de Janeiro).

Equipes de Coleta de Chiroptera

Reserva Bioldgica Guaribas/PB:

Emmanuel Messias Vilar (UFPB) — Coordenador da equipe de campo;

Hannah Larissa (UFPB) — Apoio de campo;

Renata Pires (FIOCRUZ) — Apoio de campo e coordenacao laboratorial para coleta de teciddos e
tripanossomatideos;

Vitor Aratijo (FIOCRUZ) — Apoio de laboratério e coleta de teciddos e tripanossomatideos;

Jorge Nascimento (ICMBio) — Apoio de campo, identificacao;
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Margarida Furquim (UFPB) — Apoio de campo;
Natan Diego (UFPB) — Apoio de Campo;
Ewerth Vasconcelos (UFPB) — Apoio de campo.

APA Pratigi/BA:

Emmanuel Messias Vilar (UFPB) — Coordenador da equipe de campo;

Mayara Beltrdao (UFPB) — Apoio de campo e coleta de tecidos;

Alexandro Guterres (FIOCRUZ) — Apoio de campo e coordenacao laboratorial para coleta de
tecidos e coleta de Hantavirus;

Sécrates Neto (FIOCRUZ) — Coordenacao laboratorial para coleta de helmintos;

Elson Rios (UESC) — Apoio de Campo;

Larissa Lima (UESC) — Apoio de Campo;

Hermes Schmitz (UNILA) — Coleta de droséfilas e Apoio de campo;

Duilio Lobo (UESC) — Apoio de campo.

Parque Nacional da Serra dos Orgdos — PARNASO/RJ:

Emmanuel Messias Vilar (UFPB) — Coordenador da equipe de campo e laboratorial para colheita de
tecidos;

Karla Morgana (UFPB) — Apoio de campo e laboratorial;

Marcio Sales (FIOCRUZ) — Apoio de campo;

Sinthia Ito — Apoio de campo;

Gabriella Jacob (UFRJ) — Apoio de campo;

Lais Ortiz (Museu nacional/UFRJ) — Apoio de campo;

Thiago Cardoso (UFRRJ/FIOCRUZ) — Apoio de campo.

Parque Estadual Serra do Tabuleiro/SC:

Emmanuel Messias Vilar (UFPB) — Coordenador da equipe de campo e laboratorial para colheita de
tecidos;

Sérgio Altoff (FURB) — Coordenacdo geral de coleta e apoio de campo;

Bianca Tribes (FURB) — Apoio de coleta e laboratorial;

Maria Julia (FURB) — Apoio de coleta e laboratorial.

65



Resultados

Aqui constam os resultados brutos (por area de amostragem) das quatro coletas realizadas na
Mata Atlantica no ano de 2014 e 2015. Todas as coletas juntas resultam em um esforco total de
99.600 m?h, 12.450 m?h por campanha.

Reserva Biologica Guaribas/PB (30/05/2014 — 08/06/2014):

Tabela 1. Numero de capturas, individuos coletados, soltos, sexo, local de coleta e condicao

reprodutiva para coletas realizadas durante dez noites consecutivas na Reserva Bioldgica Guaribas.

N° de capturas Coletados  Soltos*  Machos Femeas Dossel ~ SB Condicdo reprodutiva

E G L PL

155 85 70 69 85 36 118 31 5 6 11
Legenda: SB = sub-bosque, E = escrotado, G = gravida, L = lactante, PL. = pds-lactante. *um animal

escapou do saco de algodao, sendo registrada apenas a espécie.

Tabela 2. Lista de espécies e suas abundancias, para a Reserva Bioldgica Guaribas.

Espécie Abundancia
Ametrida centurio 1
Artibeus cinereus 33
Artibeus lituratus 6
Artibeus planirostris 30
Carollia perpiscillata 69

Desmodus rotundus

Glossophaga soricina

Lophostoma silvicolum

Micronycteris minuta

Phyllostomus discolor

Platyrrhinus lineatus

W A R == |U]F-

Sturnira lilium
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Reserva Biologica Guaribas/PB (31/03/2015 — 09/04/2015)

Tabela 3. Numero de capturas, individuos coletados, soltos, sexo, local de coleta e condicdao

reprodutiva para coletas realizadas durante dez noites consecutivas na Reserva Bioldgica Guaribas.

N° de capturas Coletados  Soltos*  Machos Fémeas Dossel  SB Condigao reprodutiva

E G L PL

199 100 99 102 94 24 172 28 32 23 -

Legenda: SB = sub-bosque, E = escrotado, G = gravida, L = lactante, PL. = p6s-lactante. *um animal

escapou do saco de algoddo, sendo registrada apenas a espécie.

Tabela 4. Lista de espécies e suas abundancias, para a Reserva Biol6gica Guaribas.

Espécie Abundancia
Artibeus lituratus 19
Artibeus planirostris 26
Carollia perpiscillata 90
Desmodus rotundus 2
Dermanura cinerea 39
Glossophaga soricina 12
Platyrrhinus lineatus 8
Myotis sp.
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APA Pratigi/BA (13/08/2014 — 22/08/2014):

Tabela 5. Numero de capturas, individuos coletados, soltos, sexo, local de coleta e condicao

reprodutiva para coletas realizadas durante dez noites consecutivas na APA Pratigi.

N° de capturas Coletados  Soltos*  Machos Fémeas Dossel SB Condigao reprodutiva

E G G/PL PL

207 124 83 90 109 45 162 6 7 2 1

Legenda: SB = sub-bosque, E = escrotado, G = gravida, G/PL = Gravida e pos-lactante, PL = pos-

lactante. *Oito animais no decorrer das dez noites, ficaram sem identificagcdo de sexo.

Tabela 6. Lista de espécies e suas abundancias, para a APA Pratigi.

Espécie Abundancia
Artibeus lituratus 8
Artibeus obscurus 1
Artibeus planirostris 27
Carollia brevicauda 1
Carollia perspicillata 108
Dermanura cinerea 7
Micronycteris microtis 1
Mimon crenulatum 1
Phylostomus astatus 7
Phylostomus discolor 15
Platirrhinus lineatus 3
Rhynchonycteris naso 1
Rinophylla pumilo 13

Sturnira lilium

Sturnira tildae 6
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APA Pratigi/BA (10/03/2015 — 18/03/2015):

Tabela 7. Numero de capturas, individuos coletados, soltos, sexo, local de coleta e condicdao

reprodutiva para coletas realizadas durante dez noites consecutivas na APA Pratigi.

N° de capturas Coletados  Soltos  Machos Fémeas Dossel SB Condigao reprodutiva

E G G PL

231 201 30 123 107 63 134 12 32 5 4

Legenda: SB = sub-bosque, E = escrotado, G = gravida, G = Gravida, PL = pos-lactante.

Tabela 8. Lista de espécies e suas abundancias, para a APA Pratigi.

Espécie Abundancia
Anoura caudifer 2
Artibeus fimbriatus 4
Artibeus lituratus 38
Artibeus planirostris 27
Carollia perspicillata 60
Dermanura cinerea 3
Desmodus rotundus 1
Glossophaga soricina 20
Myotis sp. 4
Noctilio leporinus
Phylostomus discolor 41
Platirrhinus lineatus 1
Rhynchonycteris naso 3
Rinophylla pumilo 14
Sturnira lilium 9

Sturnira tildae
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Parque Nacional da Serra dos Orgdos - PARNASO/RJ (13/11/2014 — 22/11/2014):

Tabela 9. Numero de capturas, individuos coletados, soltos, sexo, local de coleta e condicao
reprodutiva para coletas realizadas durante dez noites consecutivas no Parque Nacional da Serra dos

Orgaos.

N° de Coletados Soltos Machos Fémeas Dossel SB

Condigao reprodutiva
capturas

E G L PL G/PL

52 28 24 29 23 8 44 6 22 3 2 1

Legenda: SB = sub-bosque, E = escrotado, G = gravida, L. = lactante, PL. = pés-lactante, G/PL =

Gravida e pos-lactante.

Tabela 10. Lista de espécies e suas abundancias, para 0 PARNASO.

Espécie Abundancia
Anoura caudifer 2
Artibeus fimbriatus 1
Artibeus lituratus 16
Artibeus planirostris 3
Carollia perspicillata 4
Chrotopterus auritus 1
Myotis sp. 2
Pygoderma bilobatum 1
Sturnira lilium 9
Sturnira tildae 13
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Parque Nacional da Serra dos Orgdos — PARNASO/RJ (09/07/2015 — 18/07/2015):

Tabela 11. Numero de capturas, individuos coletados, soltos, sexo, local de coleta e condicao
reprodutiva para coletas realizadas durante dez noites consecutivas no Parque Nacional da Serra dos

Orgaos.

N° de Coletados Soltos Machos Fémeas Dossel SB

Condigao reprodutiva
capturas

E G L PL G/PL

31 31 - 14 17 4 27 2 - - 1 -

Legenda: SB = sub-bosque, E = escrotado, G = gravida, L. = lactante, PL. = pés-lactante, G/PL =

Gravida e pos-lactante.

Tabela 12. Lista de espécies e suas abundancias, para 0 PARNASO.

Espécie Abundancia
Anoura caudifer 4
Artibeus lituratus 2
Carollia perspicillata 10

Dermanura sp.

Micronycteris megalotis

2
1
Sturnira lilium 5
7

Sturnira tildae

71



Parque Estadual Serra do Tabuleiro/SC (03/10/2014 — 10/10/2014):
Nesta Area, duas localidades foram amostradas simultaneamente.
Tabela 13. Numero de capturas, individuos coletados, soltos, sexo, local de coleta e condicao

reprodutiva para coletas realizadas durante dez noites consecutivas no Parque Estadual Serra do

Tabuleiro.

N° de capturas Coletados  Soltos = Machos Fémeas Dossel  SB Condigao reprodutiva

E G L PL
25 24 1 14 9 6 19 3 6 - -
Legenda: SB = sub-bosque, E = escrotado, G = gravida, L = lactante, PL. = pds-lactante.

Tabela 14. Lista de espécies e suas abundancias, para o Parque Estadual Serra do Tabuleiro.

Espécie Abundancia

Anoura caudifer

Artibeus fimbriatus

Artibeus lituratus

Carollia perspicillata

Mimon bennettii

Myotis sp.

Sturnira lilium

Sturnira tildae

AR R W[ R UOTW |~

Vampyressa pusilla
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Parque Estadual Serra do Tabuleiro/SC (13/05/2015 — 20/05/2015):

Tabela 15. Numero de capturas, individuos coletados, soltos, sexo, local de coleta e condicao
reprodutiva para coletas realizadas durante dez noites consecutivas no Parque Estadual Serra do

Tabuleiro.

N° de capturas Coletados  Soltos = Machos Fémeas Dossel  SB Condigao reprodutiva

E G L PL

35 32 3 19 16 5 30 8 2 2 5

Legenda: SB = sub-bosque, E = escrotado, G = gravida, L = lactante, PL. = pds-lactante.

Tabela 16. Lista de espécies e suas abundancias, para o Parque Estadual Serra do Tabuleiro.

Espécie Abundancia
Anoura caudifer 1
Artibeus fimbriatus 7
Artibeus lituratus 10

Artibeus obscurus

Carollia perspicillata

Chiroderma dorie

Myotis sp.

A | = | = |0

Sturnira lilium
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Abstract: This study reports the first record of Ametrida cen-
turio in the Atlantic Forest, including its occurrence in the
state of Paraiba, which extends the known distribution for
this species ca. 1,500 km from its easternmost locality. The
record was made in the Guaribas Biological Reserve, state of
Paraiba, northeastern Brazil.

Key words: Guaribas Biological Reserve, biogeography,
canopy, Paraiba, Little White-shouldered Bat

Ametrida Gray, 1847 is a monotypic genus with Ametrida
centurio as the type species, whose holotype correspond to
a specimen from the state of Para (Brazil) deposited at the
Natural History Museum, London (Peterson 1965). This small
fruit-eating bat is endemic to the Neotropics, occurring in
Trinidad and Tobago, Netherland Antilles, Panama, Venezue-
la, Guyana, Surinam, French Guiana and Brazil (Husson 1962;
Gardner 2008; Miller et al. 2008). In Brazil, its known distri-
bution is limited to the Amazon basin and has been recorded
only in the states of Amapa (Peracchi et al. 1984; Silva et al.
2013), Pard (Gray 1847), Amazonas (Bernard 2001), and Mato
Grosso (Pine et al. 1970). Herein, we present the first record of
Ametrida centurio in the Atlantic Forest biome, extending the
range of the species in approximately 1,500 km from its previ-
ously known easternmost locality.

The record was made during a campaign within the project
Rede BioM.A. Inventarios (MCT/CNPq no. 35/2012; belonging
to the Programa de Pesquisa em Biodiversidade, PPBIO) in the
Guaribas Biological Reserve (GBR), located in the municipality
of Mamanguape, state of Paraiba, northeastern Brazil (Figure
1). The area is located within the Atlantic Forest biome and is
composed of a mosaic of seasonal semi-deciduous forests and
typical savanna formations on sandy soils, with an average
annual rainfall and temperature of 1,700 mm and 24°C-26°C,
respectively (Barbosa et al. 2011). This reserve, established
in 1990, comprises 4,054 ha divided into three fragments:
Sema 1 (710 ha), Sema 2 (2,982 ha) and Sema 3 (362 ha) and
holds some of the last remaining native vegetation within
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the Pernambuco Center of Endemism. This biogeographical
sub-region of Atlantic Forest has been under long and
intense fragmentation scheme, with only 12% of the original
vegetation range remaining (Ribeiro et al. 2009). A severe
process of extinction of vertebrates has been documented
in the northeastern Atlantic Forest, and most species have
survived only in legally protected areas (Canale et al. 2012).

One specimen of Ametrida centurio was captured (SISBIO
license number: 41683-1) in Sema 2 (06°43'44.9"S, 35°0822.4"W),
on 31 May 2014 at 19:30 h in a mist-net (3.0 m x 2.5 m) placed
at canopy level (8.3 m height) during a new moon night with
a total sampling effort of 12,450 m*h (10 nights for all the
campaign). The individual was an adult male with testes
descended and presents all the diagnostic features listed for
A. centurio in the literature according to the descriptions of
Peterson (1965) and Gardner (2008). The dental formula of
the specimen is 2/2, 1/1, 2/2, 3/3 x 2 = 32. Its eyes are relatively
large in comparison to other members of the subfamily
Stenodermatini, with a swollen pad under each eye and
a yellowish iris (Figure 2a). The noseleaf is yellowish and
positioned against the face without any spacing (Figure 2b). It
has two conspicuous symmetric white spots on each shoulder
and two on each side of the neck. The specimen collected also
presents pelage previously undescribed for A. centurio: two
white spots at the mediolateral portion of the thorax and a
semicircular spot around the penis (Figure 2c). The individual
presented two chest glands and two glands close to the axillae,
which have been previously mentioned in the literature
(Dobson 1878; Peterson 1965; see Figure 2b). The dorsal fur
is composed of hairs with three distinctly colored bands from
the base to the tip: brown, white and brown. The skull has
a distinctive short rostrum and a rounded cranium (Figure
3). Cranial and external measurements were taken with a
digital caliper to the nearest (0.01 mm) and are provided in a
comparative table (Table 1). The specimen was prepared as a
standard skin and skull voucher and associated tissue samples
were deposited in the Collection of Mammals at the Federal
University of Paraiba (tissue number: UFPB 9154).

This study extends the distribution of the species and
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Figure 1. Marginal Localities reported to Ametrida centurio, including the new record for the Atlantic Forest in the state of Paraiba (star): (1) Guaribas
Biological Reserve, Mamanguape, Paraiba (present study); (2) Belém, Para (Brazil), type locality (Gray 1847); (3) Serra do Roncador, Mato Grosso (Pine et al.
1970); (4) Santa Luzia do Pacui, Macapda, Amapa (Peracchi et al. 1984); (5) 80 km north of Manaus, Amazonas (Bernard 2001); (6) Cayenne, French Guiana
(Brosset and Charles-Dominique 1991); (7) Moengo, Surinam (Gardner 2008); (8) Kartabo, Guyana (Gardner 2008); (9) Distrito Federal, Pico Avila, 5 Km
NNW Caracas, Venezuela (Gardner 2008); (10) Barro Colorado Island, Canal Zone, Panama (Reid 1997).

Figure 2. Adult male of Ametrida centurio (UFPB 9154) from Guaribas Biological Reserve, municipality of Mamanguape, state of Paraiba, northeastern

Brazil (a) Detail of the face, especially the yellowish iris (b) Lateral view, highlighting the glands below the armpits (c) Frontal view, especially the white
spots on the shoulders, chest and the semi-circular spot around the penis. The left foot was not properly lit to appear in image c. (Photos by E. M. Vilar).
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Figure 3. Skull of Ametrida centurio (UFPB 9154) on lateral dorsal and ventral views and mandible on lateral view.

Table 1. External and cranial measurements (in grams [Body mass] and millimeters) of the Ametrida centurio collected in the Atlantic Forest, compared

with measurements provided by Peterson (1965), N (sample size).

Mean + SD, Range (N)

Measurements Z;Es::; ;t1u5d 4); Peterson, 1965
Males Females

Body mass 8 7.8(1) 10.1(2)
Total length 44 40, 35-46 (3) 47,40-53 (4)
Hind foot length 8 — —
Ear length 15 13,11-15(5) 13.7,11.5-15(7)
Tragus length 5 — —
Calcaneus length 5 4.8,4.3-5.1(8) 4.8,3.5-5.5(10)
Forearm length 255 25.4+0.5,24.6-26.5 (12) 32.1+0.8,29.8-33.2(13)
Greatest length of skull 14.65 15+0.3,14.5-15.7 (11) 16.2+0.3, 15.6-17.1 (10)
Condylobasal length 11.90 12.0+£0.2,11.8-12.7 (11) 13.5+0.1,13.2-13.6 (9)
Height of braincase 9.13 — —
Breadth of braincase 8.52 8.3+0.1,8.1-8.5 (9) 8.7+0.3,8-9.1 (10)
Mastoid breadth 8.8 8.9+0.1,8.8-9.2 (8) 9.740.2,9.2-10.1 (8)
Zygomatic breadth 10.34 10.4+0.2,10.1-10.8 (11) 11.31£0.2,10.8-11.7 (13)
Postorbital constriction 3.66 3.3+0.08, 3.2-3.5(9) 4.2+0.1,3.8-4.5(11)
Palate length 5.8 — —
Palate breadth (M3-M3) 4.95 — —
Palate breadth (M1-M1) 3.92 7.2+0.08,7.1-7.4 (11) 7.8+0.2,7.6-8.3(13)
Breadth across upper canines 417 — —
Breadth across upper molars 7.25 — —
Length of maxillary toothrow 4.48 4.3+0.08, 4.2-4.4 (9) 4.740.1,4.5-5.2(11)
Length of mandible 8.38 — —
Length of mandibular toothrow 4.74 — —
Coronoid process height 3.29 — —
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provide the first record for the Atlantic Forest. Because
Ametrida centurio is a rare species where it occurs (Peterson
1965; Lee and Dominguez 2000), some comments must be
made on this extension of its distribution, first about the
biogeographical significance of the finding, secondly about
the landscape characteristics where it was collected, the
historical sampling effort in the area, and finally about the
stratum where it was collected. These comments are intended
to evaluate whether this unexpected record is due to the rarity
of this species or due to the lack of knowledge regarding the
bat fauna from northeast Brazil considering the scarcity of
studies that used mist nets placed in different vegetation
strata.

The finding of a predominantly distributed Amazonian
species in northeastern Brazil is not a surprise since other
mammals with a similar geographic distribution are found
within the Atlantic Forest of northeastern Brazil: the
primate Alouatta belzebul (Linnaeus, 1766) (Gregorin 2006;
Nascimento et al. 2008), the carnivore Potos flavus (Schereber,
1774) (Sampaio et al. 2013) and the anteater Cyclopes didactylus
(Linnaeus, 1758) (Hayssen et al. 2012; Miranda and Superina
2010). The connection between the two main forested biomes
of South America has already been suggested through two
routes (Costa et al. 2003, one via the northeast of the Atlantic
Forest and another one through its southwest Steiner-Souza
et al. 2008; Percequillo et al. 2011). Thus the finding of A.
centurio supports the existence of a connection between the
two major Neotropical rainforests. However, two aspects of
this occurrence make it unexpected, the landscape context in
which the specimen was collected and the sampling intensity
to which the area has been subject to.

The landscape context of the occurrence of A. centurio in
the Atlantic forest of northeastern Brazil in singular since the
region is very fragmented, with few large and many isolated
remnants. The GBR was greatly affected by human activities
before becoming a protected area. From the 1950s to the 1980s
it was subjected to selective logging of hardwoods (especially
Brazil wood, Caesalpinia echinata Lam.), was used for crop
plantation (corn, pineapples, cassava, beans, pumpkins),
horse breeding around some human settlements with intense
hunting activity (one of the symbols of the Reserve, the
primate Alouatta belzebul, went extinct before its creation and
has since been reintroduced).

The finding of A. centurio would be less significant had the
area been poorly sampled which is not the case, and reinforces
the fact that sampling bats with understory mist nets result
in subsamples. For Atlantic Forest regions the minimal effort
recommended to sample the majority of phyllostomid species
for a site is around 1,000 captures (Bergallo et al. 2003). In
the Guaribas Biological Reserve (GBR) about 4,000 captures
of bats have been made over less than a decade (unpublished
data from field notebooks, research reports, and voucher
specimens at the collection of mammals of the Universidade
Federal da Paraiba).

The finding of A. centurio within a fragmented landscape
and within a relatively well sampled area might be explained
by its capture in the upper canopy stratum. The importance
of the upper forest strata to the Neotropical bat communities
has been discussed in some studies (e.g., Bernard 2001; Pereira
et al. 2010; Carvalho et al. 2013). However, assessments of the
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importance of sampling these strata for estimates of richness
and bat community composition have been seldom conducted.
The present report reinforces recent findings of two species of
aerial insectivorous bats, Molossops temminckii (Burmeister,
1854) and Diclidurus albus (Wied-Neuwied, 1820), recorded
in the same conservation unit for the first time to the state
of Paraiba, due to captures at canopy level (Ferreira et al.
2013; Nunes et al. 2013). Based on these observations, the
occurrence of A. centurio in the GBR confirms the increasing
need to sample in canopies and highlights the regional
importance of the GBR at a regional scale in the national
system of conservation units of Brazil.
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