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RESUMO

Abelhas e vespas solitdrias sfio himenodpteros que nidifcam em cavidades pré-existentes em
ambientes naturais, exercem um papel chave no funcionamento dos ecossistemas promovendo
servigos ambientais como, polinizagdo e controle biolégico natural. O objetivo do estudo foi
avaliar a composicio da comunidade de abelhas e vespas solitdrias em vegetacéo de restinga,
e determinar como as condigSes climaticas influenciam na nidificagfio em restinga da Reserva
Particular do Patrim6nio Natural do Caju (RPPN). Usamos ninhos-armadilha para a coleta de
ninhos e as avalia¢es foram mensais no periodo de dois anos. Foram coletados 735 ninhos de
4 espécies de abelhas e 15 de vespas. A nidificagfio ocorreu principalmente em areas abertas
durante a estac8o seca, reduzindo na estagfio chuvosa. A composi¢do de espécies diferiu entre
area aberta e vegetacdo secundaria, e no geral, a contribuigio dos componentes da beta
diversidade (turnover e aninhamento) foi similar entre os tipos de vegetacfo, no entanto, na
estacdio seca o turnover foi maior em vegetacdo secundaria e arbustiva. Por outro lado,
vegetacdo arbustiva foi completamente aninhada & drea aberta em ambas estagdes e o turnover
foi o principal responsavel pela beta diversidade ao longo do tempo. Além disso, nds
avaliamos como as condi¢Ges climaticas, o tipo de vegetagfo e o estrato arbéreo influenciam
na nidificacfo pela abelha Centris tarsata . A nidifica¢do foi maior durante a estagdo seca, em
dreas abertas a 1.5m de altura. No entanto, em vegetacdo arbustiva e secundéria a nidificacéo
parece ser favorecida por uma variagfo especifica de temperatura e pluviosidade. Além disso,
a quantidade de células de cria, adultos e comprimento de ninho foram maiores em areas
abertas que outros tipos de vegetagfio. Os resultados sugerem que abelhas e vespas solitarias
respondem diretamente as condi¢Ses climdticas e preferem nidificar em locais com grandes
quantidades de recursos como material de construc8o dos ninhos e alimento para as crias.

Palavras-chave: ninhos-armadilha, controle biolégico natural, polinizadores, Mata Atlantica.
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ABSTRACT

Cavity-nesting bees and wasps are himenopterans that nest in pre-existing cavities in natural
environments, and play a key role in ecosystem functioning providing environmental services
such as pollination, and biological control. Here, we aimed at assessing the species
composition of cavity-nesting bee and wasp community in restinga vegetation, and determine
how climatic conditions influence nesting and assembly composition in restinga vegetation
from Reserva Particular do Patriménio Natural do Caju (RPPN). We used trap-nests and
evaluations were conducted monthly over two years. We collected 735 nests from 4 bee
species and 14 wasp species. Mostly nesting occurred in open areas during dry season, and
decreased in the rainy season. The species composition differed for open areas and secondary
vegetation, overall, contribution of beta diversity components turnover and nestedness was
similar between vegetation types, but, in the dry season turnover was higher in secondary and
shrubby vegetation. Conversely, shrubby vegetation was completely nested to open areas in
both seasons and turnover was the main responsible for beta diversity over the time. In
addition, we assessed how climatic conditions, vegetation type and arboreal strata influence
Centris tarsata nesting, the most abundant bee species in RPPN do Caju. Overall, nesting was
higher during the dry season, mostly in open areas at 1.5m height. However, in shrubby and
secondary vegetations nesting seems to be favored by a specific rainfall and temperature
range. Furthermore, the amount of brood cells, total number of adults and nest length were
higher in open areas than other vegetation types. The results suggest that bees and wasps
respond directly to climate conditions, and these arthropds show preference for nesting in
places with greater resource availability such as building materials and vfood for their
offspring.

Keywords: trap-nests, natural biological control, pollinators, Atlantic Rainforest.
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1 - REFERENCIAL TEORICO

1.1 - Vegetacdo de restinga

A Mata Atlantica j4 foi uma das maiores florestas tropicais das Américas,
originalmente cobriu cerca de 150 milhdes de hectares em condi¢des ambientais altamente
heterogéneas. Extende do Rio Grande do Norte ao Rio Grande do Sul por todas as formagdes
florestais ao longo da costa brasileira (LANDIM & SANTOS, 2001). No Brasil, apesar da
constante exploragfo, por mais de 500 anos ainda abriga uma alta biodiversidade (RIBEIRO
et al., 2009; ROCHA-FILHO et al., 2017). Dentro deste bioma esta inserido o ecossistema de
restinga, o qual é considerado como uma vegetacio de regides costeiras tropicais e
subtropicais que cresce em planicies arenosas sob influéncia marinha. No entanto, esse
ecossistema estd em constante ameaga devido & expansfio urbana e especulagio imobilidria
(NOGUEIRA JUNIOR, et al, 2013; OLIVEIRA & LANDIM, 2014; SERRA et al., 2016).

A composigdo floristica das restingas ao longo do litoral brasileiro € altamente
variavel, tanto em escala regional quanto local. Os diferentes tipos de vegetac@o variam desde
formagdes herbaceas, passando por formacgdes arbustivas abertas ou fechadas, chegando a

florestas, cujo dossel varia em altura, geralmente nfo ultrapassando 20m (SILVA, 2000).

As formages herbaceas ocorrem nas faixas de praia e locais que podem ser atingidos
pelas marés mais altas ou depressdes alagaveis. Nestas, predominam espécies herbaceas, em
alguns casos com pequenos arbustos e arvores que podem ocorrer de forma isolada ou
formando agrupamentos mais densos, com variagdes fisiondmicas, composicio e graus de
cobertura (SILVA, 2000). Formagdes arbustivas sdo os tipos fisiondmicos que mais chamam
aten¢dio, variando desde densos emaranhados de arbustos misturados (trepadeiras, bromélias
terricolas e cactaceas) a moitas com extensdo e altura varigveis, intercaladas por areas abertas

expondo diretamente a areia que forma o substrato (ZICKEL et al., 2004).

Ja as formagGes florestais variam ao longo de toda a costa, tanto em aspectos
floristicos como estruturais, sendo inflenciadas pela vegetacdo adjacente e pelas
caracteristicas do substrato (origem, composi¢do e condi¢Ses de drenagem). Esse tipo de

vegetag#o a altura do estrato superior pode variar de 15 a 20m de altura (SILVA, 2000).
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1.2 - A Reserva Particular do Patrimonio Natural (RPPN) do Caju

A Reserva Particular do Patrimdnio Natural (RPPN) do Caju é uma Unidade de
Conservacdo pertencente a Embrapa Tabuleiros Costeiros criada em 17 de janeiro de 2011,
era uma antiga propriedade conhecida regionalmente como Fazenda do Caju. Atualmente, sdo
realizadas atividades de pesquisas cientificas, visitas de educagfio ambiental e atividades com
comunidades ao entorno. A RRPN do Caju estd localizada no municipio de Itaporanga
D’Ajuda (11°06'16.19"S; 37°11'05.89"0) a 29 km de Aracaju - SE, abrangendo uma érea de
763,37 hectares, sendo 416,08 de zona de protecdo (Figura 1). O clima da regifio € tropical
com verdo seco, estacio chuvosa no outono e precipitagdo acima de 1.250 mm?. O bioma em
que estd inserida ¢ o de Mata Atlantica, em seu interior sfo encontrados apicuns (4reas sem
vegetacdo com substrato de areia que recebem influéncia direta do regime de marés), mangue
e vegetacdo de restinga em mosaico. O relevo é predominantemente plano com pequenas
areas onduladas, solos arenosos e baixa fertilidade natural (NOGUEIRA JUNIOR et al.,
2013).

A vegetagdo de restinga da RPPN do Caju pode ser caracterizada em trés tipos:

Vegetaciio de area aberta - incidéncia direta de luz solar, presenga de vegetacdo herbicea,
predominéncia de gramineas como o capim-gengibre (Paspalum maritimum Trind), plantas
herbaceas, o cacto coroa-de-frade (Melocactus zehntneri Britton & Rose), e presenca esparsa

de espécies arboreas.

Formagdo de vegetagdo arbustiva - sombreamento parcial com alta luminosidade,
predominincia de espécies arbustivas e em menor numero espécies arboreas de porte médio
como o murici (Byrsonima crassifolia L. Kunth), cambui (Myrciaria tenella D.C. Berg),
aroeira da praia (Schinus terebinthifolius Raddi), piacava (Atfalea fumifera Martius) e

gramineas esparsas.

Formagdes florestais (vegetagdo secunddria) - composta por vegetagio secunddria com solo
coberto por grande quantidade de serapilheira, sombreamento com baixa luminosidade ¢ alta
umidade relativa do ar, vegetagdo densa com predominédncia de espécies arboreas de médio a
grande porte como o cajueiro (Anacardium occidentale 1), mangaba (Hancornia speciosa

Gomes), pau-pombo (Tapira guianensis Aublet) e inga (Inga sp.).
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Figura 1 - Mapa da RPPN do Caju, localizada em Itaporanga D’Ajuda, SE,
usando imagem do satélite Sentinel-2.
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1.3 - Escalas de diversidade

Compreender os padrdes de diversidade de espécies € vital para avaliar os impactos do
manejo florestal e para desenvolver estratégias de conservacdo (RUBENE ef al., 2014). A
diversidade de espécies em sistemas naturais e paisagens fragmentadas ¢ afetada por
miltiplos processos operando em multiplas escalas (GAVISH et al. 2019). Whittaker (1972)
definiu trés importantes escalas de diversidade: alfa (riqueza de espécies no habitat), beta
(variagdo nas identidades das espécies entre os habitats), e a diversidade gama que € a riqueza
de espécies regional, entre uma variedade de habitats (uma paisagem, area geografica, ilha).

O estudo da diversidade beta permite testar diferentes hipoteses sobre os processos que
direcionam a distribuicio de espécies e hd duas formas em que as comunidades de espécies
podem ser “diferentes”. A primeira € a substituicdo de espécies (turnover) em um local por
diferentes espécies em outro local, de modo que as duas comunidades séo diferentes entre si
(BASELGA, 2012). A segunda ¢ a perda (ou ganho) de espécies em somente um dos locais, o
que implica a eliminacéo (ou adi¢fo) de espécies, fazendo com que a comunidade mais pobre
seja um subconjunto da mais rica (um padréio chamado aninhamento) (BASELGA & ORME,
2012), a ocorréncia de espécies tende a sobrepor uma a outra e compartilhar locais em comum
(ULRICH & GOTELLLI, 2007) (Figura 2).

Portanto, a sele¢do da medida de dissimilaridade para quantificar as diferencas entre as
assembléias € crucial pois, existem diferentes maneiras de medi-la (BASELGA & ORME,
2012). Nesse sentido, Baselga (2010, 2012) propés um método para a particio da
dissimilaridade total (beta diversidade) em dois componentes separados: a dissimilaridade da
substituicdo de espécies (turnover) e a dissimilaridade do aninhamento (BASELGA &
ORME, 2012). Na natureza, a substitui¢do de espécies pode refletir a separagfio de espécies
pelo meio ambiente ou a dispersdo, enquanto o aninhamento é frequentemente relacionado a
dindmicas de extin¢do-colonizagdo ordenadas (SI et al, 2016, SOININEN et al., 2017).
Portanto, a diversidade beta interage com os gradientes de diversidade alfa (riqueza), € ambos
os componentes da biodiversidade (alfa e beta) resultam da montagem da comunidade por
meio de filtros locais e regionais. Assim, a diversidade beta pode capturar a natureza dindmica
dos padrdes de diversidade melhor do que medidas simples de diversidade alfa (SOININEN,
etal, 2017).
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Figura 2 - Exemplos hipotéticos envolvendo quatro ilhas (A -
D) e trés sitios amostrais em cada. Biotas dos sitios Al - A3 sdo
completamente  aninhadas, porque biotas pobres sdo
subconjuntos das biotas ricas. Sitios B1 - B3 tém a mesma
riqueza (seis espécies cada) com trés espécies em comum a
todos os trés locais e trés espécies exclusivas para cada sitio, ou
seja, exibindo um padréo de turnover espacial. Sitios C1 - C3
ambos padrdes presentes, porque C2 e C3 sdo subconjuntos de
C1 (aninhamento), mas algumas espécies s@o substituidas entre
C2 e C3, que ndo sdo subconjuntos uma da outra. Sitios D1 - D3
turnover espacial e nfo sdo obviamente aninhada, mas

apresentam diferengas na riqueza (BASELGA, 2010).
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2.4 - Abelhas e vespas solitarias

As interagdes plantas-polinizadores s8o relagdes mutualisticas de extrema importancia,
ao coletar recursos florais como pélen, néctar e 6leos, os polinizadores facilitam a reprodugio
das plantas, proporcionando a formagdo de frutos e sementes (GIANNINI ef al., 2015). As
abelhas sdo os mais importantes e efetivos polinizadores (KLEIN ef al., 2007), sdo
ecologicamente e funcionalmente diversas, forrageiam uma ampla variedade de formas florais

e nidificam em diversos substratos (MICHENER, 2007).

Apesar de sua importdncia, os numeros de riqueza de abelhas sdo imprecisos por
diversas razdes como erros de identificago, sinonimias, homonimias, muitas areas a serem
amostradas (FREITAS et al., 2009). Estima-se que o nimero de espécies de abelhas descritas
estd em torno de 18.000, mas que o nimero total pode ser em torno de 20.000 a 30.000
espécies (MICHENER, 2007) sendo que 85% sdo solitarias (SILVA et al., 2001; BUSCHINI,
2006). A fémea de espécies de abelhas solitarias constroi seu proprio ninho, abastece as
células de cria sem ajuda de outras abelhas, ¢ geralmente morre ou deixa o ninho antes da
emersdo de sua cria (MICHENER, 2007).

Quanto as vespas, cerca de 26.000 espécies foram descritas no mundo todo, sendo
90% consideradas de habito solitario (LOYOLA & MARTINS, 2006; BUSCHINI &
WOISKI, 2008; BATISTA, 2010). Varias destas espécies de vespas solitarias sdo
consideradas inimigos naturais de artrépodes atuando no controle bioldégico natural de insetos
(afideos, ortopteros e lepidopteros) (TYLIANAKIS, et al., 2005; HOLZSCHUH et al., 2009,
CAMPBELL, et al., 2017), e outros artropodes (baratas e aranhas) (EBELING et al. 2012,
ROCHA-FILHO, et al., 2017).

Vespas e abelhas solitarias podem nidificar em cavidades pré-existentes no solo, em
troncos e galhos ocos ou perfurados, podendo ser estudadas por meio de ninhos-armadilha
(TSCHARNTKE et al., 1998; MORATO & CAMPOS, 2000; AGUIAR & MARTINS, 2002;
MENDES & REGO, 2007). Ninhos-armadilha sdo espagos tubulares, os quais espécies de
abelhas e vespas solitarias podem usar para nidificacdo (Figura 3) (TSCHARNTKE et al.,
1998; MORATO & CAMPOS, 2000; AGUIAR & MARTINS, 2002; TYLIANAKIS et al.
2005; KLEIN et al. 2007). Ninhos-armadilha sfio um sistema adequado para estudar

interagdes multitroficas complexas devido & abelhas e vespas solitarias possuirem tamanho
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pequeno, riqueza de espécies alta, complexidade trofica, e por sua importdncia no
funcionamento do ecossistema (TSCHARNKE et al., 1998; KLEIN et al. 2007). Cerca de 5%
de todas as abelhas e vespas sdo potenciais espécies que nidificam em cavidades (Figuras 3, 4
e 5) (GATHMANN, 1998), ¢ os recursos alimentares para ambas guildas dependem da
diversidade de plantas presentes no habitat. Ha evidéncias de que a abundéincia e a riqueza
local das espécies de abelhas e vespas correlacionam-se com a diversidade de recursos

alimentares como flores, néctar e presas.(TSCHARNKE et al., 1998).

Segundo Morato & Martins (2006) abelhas e vespas solitarias gastam muito tempo de
sua vida adulta construindo ninhos e coletando alimento para suas crias e, fatores que afetam
essas atividades como local de nidificag8io e disponibilidade de alimento sdo por sua vez
afetados pela estrutura ambiental. Consequentemente, mudangas na diversidade e abundéancia
desses insetos podem afetar as relagdes do ecossistema através de seus papéis como
predadores e polinizadores (TAKI ef al. 2008). Algumas espécies de abelhas e vespas tém
requerimentos de habitats especificos, para a construgdo de seus ninhos necessitam de
cavidades pré-existentes, que por sua vez dependem da estrutura da vegetagdo (FLORES et
al., 2018). O periodo de nidificag8io é uma fase critica no ciclo de vida de abelhas e vespas
solitarias (MORATO & MARTINS, 2006; FLORES ef al., 2018) pois, esses himendpteros
sfo sensiveis aos efeitos de perturbagdes ambientais (MORATO & CAMPOS, 2000)
portanto, tém sido usadas como bioindicadores da qualidade do ambiente em diferentes
ecossistemas (TYLIANAKIS et al., 2005).
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Figura 3- (A) Ninhos-armadilha instalados na RPPN do Caju; (B) ninhos fundados por

abelhas (setas vermelhas) em cavidades de ninhos-armadilhas.

Figura 4 - Espécies e ninhos de vespas solitarias em vegetagdo de restinga na RPPN
do Caju: Adulto (A) e ninho com pupas (B) de Trypoxylon aff. nitidum; Adulto (C) e
ninho fundado (D) por 7. ausuncicola; Adulto (E) e ninho com pupas (F) de Liris sp.



Figura 5- Espécies e ninhos de abelhas solitarias registrados em vegetagdo de restinga
na RPPN do Caju: Adulto (A) e ninho (B) de Centris sp., ¢ possivel observar polen
disposto nas células como fonte de alimento para as larvas; Adulto (C) e ninho (D) de
Megachilidae; Adulto (E) e ninho (F) de C. tarsata, nota-se a alimentagdo das larvas nas
células, (G) Pré-adultos de C. rarsata dispostos nas células de cria antes da emergéncia,

e (H) Ninho sendo construido por fémea de C. tarsata.
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2 - OBJETIVOS

2.1 Objetivo geral

Avaliar a composi¢do de espécies da comunidadede vespas e abelhas solitarias em

areas abertas, vegetacfo arbustiva e secundaria de restinga.

2.2— Objetivos especificos

- Investigar como as condi¢Ges climaticas e o tipo de vegetacdo influenciam a nidificacfo ¢ a

composicdo de espécies da comunidade de vespas e abelhas solitarias em restinga.

- Investigar se a associagfo entre tipo de vegetacdo e condi¢des climaticas influenciam na
nidifica¢@o da abelha Centris tarsata, bem como nas caracteristicas biologicas e de arquitetura

dos ninhos dessa espécie.
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3 - ESBOCO DOS CAPITULOS

O presente estudo apresenta os resultados de uma pesquisa de dois anos com inicio em
maio de 2016, com abelhas e vespas solitarias nidificantes em vegetacdo de restinga na RPPN

do Caju no municipio de Itaporanga D’ Ajuda, Sergipe.

Capitulo 2 — Aborda padrdes de diversidade e estrutura da comunidade de espécies de
abelhas e vespas solitarias que nidificam em ambiente de restinga por meio da partigdo da
diversidade beta nos componentes substituigdo de espécies (turnover) e aninhamento. Foram
abordados neste estudo os seguintes questionamentos: condi¢Bes climaticas sfo fatores
determinantes na riqueza e abundéincia de abelhas e vespas solitarias? A diversidade beta e
seus componentes, substituicdo de espécies e aninhamento, sdo influenciados pelos diferentes
tipos de vegetagfio? Os padrSes de diversidade da comunidade de vespas e abelhas solitarias

mudam ao longo do tempo?

Capitulo 3 - Investiga se a vegetagio em mosaico de restinga e as condi¢gdes climéticas
regionais t€m efeito sobre a nidifica¢fio de Centris tarsata, a abelha solitaria mais abundante
na regifo estudada abordando as seguintes questdes: ha uma associa¢fo entre as condi¢Ges
climaticas, tipo de vegetagdo e nidificacdo por C. tarsata? A arquitetura dos ninhos,
caracteristicas bioldgicas e o parasitismo por outros artrépodes variam com o tipo de
vegetacdo? Centris tarsata apresenta preferéncias de nidificacfo nos diferentes estratos da

vegetacdo?
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vegetation type
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Community composition of cavity-nesting bees and wasps according to restinga

vegetation type

ABSTRACT

Solitary bees and wasps are himenopterans that nest in pre-existing cavities in natural
environments, and play a key role in ecosystem functioning providing important ecosystem
services such as pollination and natural biological control. Here, we aimed to to assess the
species composition of cavity-nesting bees and wasps community in restinga vegetation, and
determine how climatic conditions influence nesting and assembly composition in three
vegetation types (open-areas, shrubby and secondary vegetation) of Brazilian restinga. The
hymenopterans were sampled with trap-nests and evaluations were conducted monthly over
two years. We collected 735 nests belonging to 4 bee species and 15 wasp species. Most
nesting occurred in open areas followed by secondary vegetation in the dry season, decreasing
in the rainy season. Species composition differed between open areas and secondary
vegetation. Overall, the contribution of beta diversity components, turnover and nestedness,
was similar among vegetation types. However, in the dry season, turnover was higher in
secondary and shrubby vegetations. Conversely, a completely nested pattern occurred in open
areas in both seasons. Turnover was the main responsible for beta diversity between the first
and second years, being high in secondary and shrubby vegetations. Accordingly, climatic
conditions influence species composition of cavity-nesting bees and wasps in restinga
vegetation favouring nesting activity in open areas and secondary vegetations. Furthermore,
secondary vegetation playing the role of shelter during warm and dry season, contributing for

the conservation of these essential ecosystem service providers.

Key-words: Atlantic Rainforest, beta diversity; climatic conditions; trap-nests
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1. INTRODUCTION

Habitat fragmentation and land use intensification has led to the decline of global
biodiversity. The Brazilian Atlantic Forest biome, famed for its high biodiversity, has been
continuously exploited over the past 500 years and replaced by agriculture, livestock and
urban areas. The restinga is an ecosystem contained within the Atlantic forest biome, which is
characteristic of tropical and subtropical coastal regions, composed of herbaceous plants,
shrubs and an arboreal stratum growing in sandy plains under a marine influence. However,
this ecosystem is under constant threat as urban sprawl, real estate speculation and
deforestation directly affects the local flora and fauna (Fischer & Lindenmayer, 2007;
Oliveira & Landim, 2014; Rocha-Filho et al., 2017; Serra et al., 2016).

Bees and wasps are important in ecosystem functioning, play the role of providing
ecosystem services, are effective pollinators, ecologically and functionally diverse and they
forage a wide variety of floral plant species. Otherwise, several wasps species are considered
natural enemies of diverse arthropod species, thereby acting as natural biological control of
phytophagous species (Buschini & Woiski, 2008; Ebeling et al., 2012; Holzschuh et al., 2009;
Klein et al., 2007; Michener, 2007; Tylianakis et al., 2005).

Around 5% of all bees and wasps are potential cavity-nesting species that use hollow
trunks and branches to nest, and therefore can be studied using trap-nests (Aguiar & Martins,
2002; Mendes & Régo, 2007; Morato & Campos, 2000; Tscharntke et al., 1998, Veddeler et
al., 2010). These insects require pre-existing cavities to build their nests, which means that
they rely on the availability of particular vegetation structure and, therefore, they can be used
as indicators of environmental quality or changes (Flores et al., 2018; Tscharntke et al., 1998).

Understanding and preserving the habitats of cavity-nesting bees and wasps is important for
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the maintenance of these populations of Aculeata (Morato & Martins, 2006). Therefore,
recognising diversity patterns and how biotic and abiotic factors influence the community
structure of these arthropods is essential for their management and conservation.

Beta diversity is defined as the variation in community composition between sites and
it may capture the dynamic nature of diversity patterns more thoroughly than measurements
of alpha diversity (species richness) (Soininen et al., 2017; Tuomisto & Ruokololainen, 2006).
Analysing beta diversity allows different hypotheses regarding the processes driving species
distribution to be tested. Therefore, Baselga (2010, 2012) proposed a method for partitioning
total dissimilarity (beta diversity) into two components accounting for the dissimilarities
derived from turnover and from nestedness. Turnover is the replacement of species in one site
with different species in another site. Nestedness is the species loss (or gain) resulting from
the elimination (or additioﬁ) of species in one location, making the poorer community a
subset of the richer (Baselga & Orme, 2012). In nature, species turnover may reflect species
segregation by environment or dispersal, while nesting is often related to ordered extinction-
colonization dynamics (Si et al., 2016; Soininen et al., 2017).

Here, we addressed the following questions: (a) whether climatic conditions influence
the nesting periods and vegetation type preferences of cavity-nesting bees and wasps; (b) what
the relative contributions are of turnover and nestedness to variation in the community
composition of cavity-nesting bees and wasps; (c) whether there is a relationship between
climatic conditions and turnover and nestedness for communities of cavity-nesting bees and

wasps within the restinga.
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2. METHODS

2.1 Study Area

The study was carried out in a protected area (763.37-ha) belonging to the Brazilian
Agricultural Research Corporation (Embrapa Tabuleiros Costeiros) in the municipality of
Itaporanga D'Ajuda (11° 06' 16.19" S, 37° 11' 05.89" W), in the north-eastern Brazilian State
of Sergipe. According to the Kdppen-Geiger classification, the predominant climate in the
region is tropical with marked dry (September to February) and rainy (March to August)
seasons, with average annual rainfall above 1250 mm. The biome is Atlantic rainforest
composed of a matrix of mangrove, restinga and apicum (sandy open areas influenced by the
tidal regime). The study was conducted within the restinga domain and rainfall and
temperature, respectively, were obtained from a meteorological station located in the area and

from the Instituto Nacional de Meteorologia (2018), on a per-month basis.

2.2 Sampling

Trap-nests were constructed from 15 pieces of hollow bamboo cane (20.0 cm long), with one
node in the middle, forming two internodes (9.0 to 11.0 cm deep). Bamboo canes had internal
diameters ranging from 0.3 to 2.0 cm evenly distributed (5 hollow bamboo canes of 0.3 to 0.8
cm, 5 0f0.9 to 1.4 cm and 5 of 1.5 to 2.0 cm diameter) and they were wrapped together with a
22.0 cm-wide plastic sheet and wire, making a total of 30 cavities (Batista Matos et al., 2012).
Trap-nests were set up in three vegetation types in the restinga: (a) open areas, with
dominance of grasses, such as Paspalum maritimum Trind., weeds, cactus (Melocactus
zehntneri, Britton & Rose) and some sparsely distributed trees, direct sunlight; (b) shrubby

vegetations, with dominance of shrubs and a few tree species, such as Anacardium
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occidentale L., Byrsonima crassifolia (L.) Kunth, Myrciaria tenella (D.C.) O.Berg, grasses,
partial shading with high luminosity; and (c) secondary vegetations, with dominance of
medium to large tree species such as 4. occidentale, Hancornia speciosa Gomes, Tapirira
guianensis Aublet and Inga sp., dense vegetations, soil covered by a thick litter layer, shaded
with low luminosity. Four replicates for each vegetation type were chosen, totalling 12
sampling areas. Study sites were usually clustered in groups of three vegetation types to avoid
spatial autocorrelation. Four trap-nests were hung by a wire at each study site and attached to
a tree branch, 1.5 m above the ground and distanced 1.0 m from each other. Sampling areas
were at least 100 m distant from each other. Entomological glue was applied to the wire
monthly to deter crawling arthropods. Trap-nests were inspected monthly for two years (from
July 2016 to June 2018) and nested bamboo canes were removed and replaced by empty ones
with similar internal diameter. Nested bamboo canes were placed in a plastic cage
individually and kept indoors at 27°C (x 2°C) for three months. After adult emergence,
cavity-nesting bees and wasps were separated according to morphotype and identified using
Goulet & Huber (1993), Michener (2007) and DNA sequencing. Voucher specimens were
deposited in the collection of Laboratério de Entomologia, Embrapa Tabuleiros Costeiros,
Aracaju, Brazil, and Laboratorio de Genética Evolutiva e de Himenopteros, Universidade

Federal de Sao Carlos, Sdo Carlos, Brazil.

2.3 Data Analysis

Species richness was calculated using the estimators Chaol and ACE (Abundance-based
Coverage Estimator) to verify the sufficiency of sampling effort using EstimateS software
version 9.1.0 (Colwell, 2013). Afterwards, sample-based accumulation curves were plotted

for observed and expected richness using SigmaPlot software version 12.5 (Systat Software,
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2011). We also performed the Spearman correlation between observed and estimated richness
using the ISwR package (Dalgaard, 2015). Shannon-Wiener diversity (H') and Pielou’s
evenness index (J') were calculated for cavity-nesting bees and wasps and submitted to
analysis of variance (ANOVA). Also, the number of singletons/doubletons in the vegetation
types was obtained using the vegan package (Oksanen et al., 2019). General linear models
(GLMs) with Poisson (discrete variables) error distributions were constructed in order to
assess differences among vegetation types for species richness. The models were subjected to
ANOVA, and a posteriori contrasts were carried out to assess differences among treatments
(Crawley 2007).

Regression tree analyses addressed how climatic conditions and vegetation type
influenced the nesting of bees and wasps. Temperature (°C), rainfall (mm?®) and vegetation
type (open areas, shrubby and secondary vegetations) were treated as exploratory variables
and the number of nests built as the response variable. The root node represented total
sampling, which was further divided into two or more sets called decision nodes and into sub-
nodes and/or terminal nodes. Analyses were performed using the rpart package (Therneau et
al., 2019).

The contribution of beta diversity components was assessed using the dissimilarity
partition method (Baselga, 2010), which separates the total beta diversity (Serensen
dissimilarity index) into two components (turnover and nestedness), using the betapart
package. The Serensen dissimilarity index (presence/absence) is expressed by the formula:
Bsor = Psim +Pnes, where PBsnv is the Simpson dissimilarity (the turnover component of
Serensen dissimilarity) and Bngs is the nestedness component of Sgrensen dissimilarity. In
order to establish the components of beta diversity between the first and the second year of
evaluation, we used the befa.temp function which calculates the dissimilarity values (turnover

and nestedness) between the combined sites of two data sets (%, y) describing presence and
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absence at the same set of locations for two separate times. Also, we calculated pairwise
dissimilarity, which computes beta diversity and components using the beta.pair function
(Baselga & Orme, 2012). Unless otherwise stated, the analyses described above were
performed using R software version 3.3.1 (R Development Core Team 2016). Additionally,
we used the Mantel test to explore the possible relationship between spatial distance and
species dissimilarity, using Jaccard distance (presence/absence) for bees’ and wasps’ species
composition and Euclidean distance for the spatial distance matrix, using Pearson’s
correlation and 999 permutations (Perillo et al., 2017).

Non-metric multidimensional scaling (NMDS) analysis was performed to verify
differences in the community composition of cavity-nesting bees and wasps among vegetation
types using the Bray-Curtis similarity index (abundance). Moreover, similarity analyses
(ANOSIM) were conducted to compare the differences between two or more groups of
vegetation using the Bray-Curtis similarity index and Bonferroni correction at the 5% level.

Analyses were performed using the software PAST (Hammer et al., 2001).

3. RESULTS

A total of 735 nests and 2.147 individuals were collected, of which 1.353 were wasps,
comprising 15 species and/or morphospecies (Table 1), belonging to the families Crabronidae
and Sphecidae. The remaining 794 individuals that emerged were bees, encompassing 4
species from the families Apidae and Megachilidae (Table 1).

In open areas, we found 607 individuals from 11 wasp species and 441 from 4 bee
species. In shrubby vegetations, there were 328 individuals belonging to 5 species of wasps
and 277 individuals from 3 bee species. In secondary vegetations 418 individuals of 10 wasp

species and 76 comprising 3 bee species were found. Secondary vegetations also presented
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more singletons (7) compared to open areas (5) and shrubby vegetations (4), whereas
doubletons were found only in open areas and secondary vegetations (2 and 1, respectively).

Sample-based accumulation curves show that the observed species richness of bees
and wasps increased with the number of individuals (Figure 1). Observed and estimated
species richness were highly correlated with the Chaol and ACE estimators (Spearman
correlation; ko = 0.99, P <0.0001), with 97.56% and 91.86% efficiency, respectively,
suggesting that sampling effort was sufficient. However, the Shannon-Wiener (H') and Pielou
(J") indexes did not differ among vegetation types (open areas: H' = 1.64; J' = 0.74; shrubby
vegetations: H' = 1.28; J' = 0.74; secondary vegetations: H' = 1.21; I'=0.71; P> 0.05). In
contrast, vegetation types influenced species richness, in that open areas had more species in
comparison with shrubby and secondary vegetations (3> = 26.51, df=1, P < 0.0001; x* =
20.76, df= 1, P <0.001, respectively).

Cavity-nesting bees and wasps preferred to nest in open areas during the dry season,
followed by shrubby and secondary vegetations. Nesting peaked from November to
December 2016 and from November 2017 to June 2018 (Figure 2). The regression tree
revealed 5 levels of depth and 15 nodes, these being 7 decision nodes and 8 terminals. Two
groups were formed according to temperature and vegetation types. In the first group, nesting
was favoured at temperatures below 27°C in shrubby and secondary vegetations, with 0.25
nests in 33% of the samples. On the other hand, in open areas, for temperatures below 27°C
and rainfall lower than 148 mm? the mean number of nests was 0.72 in 11% of the samples.
However, when rainfall increased, average nesting was 1.8 in 6% of the samples. In the
second group (temperature = 27 °C), the mean number of nests was 1.2 in 33% of the samples
in shrubby and secondary vegetations. Conversely, nesting in open areas was favoured in

temperatures below 28°C. Dry periods with rainfall ranging from 41 to 132 mm?, led to a
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mean number of 3.4 nests in 4% of the samples. For rainfall below 41 mm?, the mean number
of nests was 1.4 in 6% of the samples (Figure 3).

Overall, the components of beta diversity indicated that species turnover and
nestedness contributed similarly (51.4% and 48.6%, respectively), which was also true during
the dry season (57.1%, and 42.9%, respectively) (Figure 4A). However, during the rainy
season, nestedness (65.8%) overrode species turnover (34.2%) (Figure 4B). Between the first
and second years of evaluation, higher bee and wasp species turnover was recorded in
secondary vegetations (84.4%), followed by shrubby vegetations (70.8%), while in open areas
(53.3%) species composition variation matched the nestedness pattern (46.7%) (Table 2).

According to the pairwise dissimilarity, shrubby vegetations was completely nested
within open areas (100%). Secondary vegetations and open areas had high species turnover
(82.5%) while between shrubby and secondary vegetations (62.5%) was lower. During both
the dry and rainy seasons, open areas and shrubby vegetations remained completely nested
(100%), unlike open areas and secondary vegetations where nestedness was 13.2 % during the
dry season and 63.6 % in the rainy season. Conversely, during the dry season species turnover
between open areas and secondary vegetations was high (86.1%), as well as during the rainy
season between shrubby and secondary vegetations (57.1%) (Table 2). The Mantel test
showed that there was no relationship between spatial distance and species dissimilarity
(Pearson correlation; » = -0.09013; P > 0.05).

The NMDS revealed that open areas and secondary vegetations were dissimilar in
their cavity-nesting bee and wasp community composition, while shrubby and secondary
vegetations, and open areas and shrubby vegetations, were similar (stress = 0.13, Figure 5).
However, according to ANOSIM, there was no difference in the rank similarities for the 12

sites in the three vegetation types (P > 0.05).
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4. DISCUSSION

Our results showed that wasp species richness was higher than bee species richness for
the three restinga vegetation types, which has also been observed in tropical regions in
Indonesia, Costa Rica, Amazonia and north-east Brazil. This pattern may be due to bees being
more sensitive than wasps to habitat modification (Batista Matos et al., 2012; Klein et al.,
2002; Morato & Campos, 2000; Stangler et al., 2015).

Open areas harboured greater species richness and diversity of cavity-nesting bees and
wasps, followed by secondary vegetations, possibly due to the influence of generalist species
on the overall species richness. Generalist species may benefit from a wide variety of
resources and thus are prone to be less sensitive to simplified habitats (Flores et al., 2018). In
addition, open areas may provide greater availability of resources such as exposed nest
building materials like clay, sand grains, resins, leaves, filaments, twigs, and organic matter,
as well as food resources such as pollen, nectar, floral oils and prey (Loyola & Martins, 2006;
Morato & Martins, 2006).

Overall, the nesting of cavity-nesting bees and wasps seems to be affected by climatic
conditions, as it was higher during the dry season in open areas, followed by secondary
vegetations. As rainfall increased, nesting decreased, except for in shrubby vegetations, where
nesting was higher during the rainy season. Nesting was lower during the first year compared
to the second, possibly due to higher rainfall during the latter INMET, 2018).

However, the regression tree showed that there are ranges of temperature and rainfall
that may be beneficial to cavity-nesting bees and wasps nesting. Nesting in shrubby and
secondary vegetations was favoured by higher temperatures in drier periods, while in open
areas were temperatures below 28°C and rainfall up to 132 mm?®. Seasonal changes in

temperature and relative humidity can affect the population density of several arthropod
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species, including cavity-nesting bees and wasps, and play an important role in determining
species’ preference for a given habitat, (Buschini et al., 2006; Matos et al., 2016; Philpott et
al., 2006; Teodoro et al., 2009; Tylianakis et al., 2005). Additionally, climatic conditions can
directly affect resource availability, and the higher humidity inside forests can negatively
influence the activity of cavity-nesting bees and wasps due to their limited ability to
thermoregulate (Loyola & Martins, 2006; Stangler et al., 2015).

In a study on differential habitat occupation by Trypoxylon spp. wasps, Santoni et al.
(2009) observed a synchronic temporal occurrence of these species, especially in the warm
and rainy season. According to these authors, the influence of seasonality on nesting biology
of neotropical cavity-nesting species is possibly associated with monthly average temperature.
Moreover, in a study of Trypoxylon lactitarse from southern Brazil (pronounced dry season,
mild summers and frosts in the winter), Buschini & Wolff (2006) observed that this species
started nesting in forested areas during spring and summer and switched to grassland and
swamps during autumn and winter. However, Centris tarsata, the most abundant oil-
collecting bee in the present study, showed a preference for nesting during the dry season, a
pattern observed in several studies in different regions of Brazil (Aguiar & Martins, 2002;
Buschini & Wolff, 2006, Mendes & Régo, 2007; Costa et al., 2019).

The species composition was dissimilar between open areas and secondary
vegetations, endorsing results obtained in other regions of Brazil that species composition of
cavity-nesting bee and wasp assemblages varies along a habitat complexity gradient (Buschini
& Woiski, 2008; Flores et al., 2018).

Total beta diversity among vegetation types was low and nestedness and species
turnover made similar contributions. However, when it was calculated for each season,
different contributions from turnover and nestedness were observed. Species replacement

(turnover) was favoured during the dry season, unlike the rainy season, when species richness
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was low and the poorer cavity-nesting bees and wasps community became nested within the
richer. Regardless of season, the community of cavity-nesting bee and wasp species from
shrubby vegetation was completed nested within that of the open areas and secondary
vegetations, but, in the latter case only during the dry season. Additionally, species
replacement was higher than nestedness for the two years, possibly due to the high rainfall
recorded during the second year of sampling.

The relationship between precipitation and variation in fauna composition may explain
the covariation between species richness and precipitation variation (Baselga, 2008). A study
of the structure of bee and wasp diversity in burned and unburned areas in clear-cut forest in
Sweden demonstrated that 72% to 90% of beta diversity was explained by species turnover,
while nestedness explained only 10% to 28% (Rubene et al., 2015). Furthermore, Perillo et al.
(2017), investigating the species composition of the bee and wasp community over an altitude
gradient in the neotropical region, found that beta diversity partitioning was mainly influenced
by species turnover (81%). According to these authors, species turnover was influenced by the
high rate of singletons and doubletons, a pattern commonly seen in tropical arthropod studies.
In fact, in our study, secondary vegetations presented a higher number of singletons and
doubletons compared to the other vegetation types, and that environment had species turnover
as the most representative component of beta diversity.

Our results indicate that solitary wasps and bees in the restinga respond strongly to
climatic conditions and vegetation type. These species prefer to nest during the warmer dry
season in open areas and secondary vegetations. Although the variation in species
composition was low for open areas, shrubby and secondary vegetations, the patterns that
drive species distribution varied according to vegetation type and climatic conditions.
Therefore, understanding the species composition of cavity-nesting bees and wasps is crucial

for the management and conservation of these essential ecosystem service providers.
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Table 1 - Total number of cavity-nesting bees (Apidae and Megachilidae) and wasps (Sphecidae
and Crabronidae) in open areas, shrubby and secondary vegetations in restinga domain in Caju

RPPN, Itaporanga D’Ajuda, Sergipe.

Family Morphospecies fol:lels(;z d Totals(;me:ied adt;lts -
ra econda
Open are vegetatign vegetati(:?l’
Sphecidae Sphecidae 1 15 15 25 5
Sphecidae 2 1 0 0 2
Sphecidae 3 2 10 0 0
Liris sp 87 69 44 31
Isodontia sp 1 1 1 0 0
Isodontia sp2 1 1 0 0
Isodontia sp3 2 0 0 2
Isodontia sp4 8 7 0 0
Crabronidae  Trypoxylon lactitarse 71 16 0 46
Typoxylon nitidum 199 238 220 280
Trypoxylon ausuncicola 47 119 9 17
Trypoxylon sp 83 94 30 27
Trypoxylon spl 1 0 0 6
Trypoxylon sp2 9 37 0 0
Trypoxylon sp 3 2 0 0 2
Apidae Centris tarsata 162 363 217 61
Centris sp 1 1 1 0 0
Megachilidas Megachile sp 27 33 40 8
Anthidiini 16 44 20 7
Total 735 1048 605 494

50
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Table 2 - Proportion of Beta diversity components for cavity-nesting bee and wasp community

in restinga domain. Bold numbers indicate contribution over 50% in beta diversity. BSIM

(Simpson dissimilarity, i.e. species turnover), PNES (nestedness) and BSOR Segrensen

dissimilarity, i.e. total beta diversity).

Beta diversity components Total beta
Solitary bees and wasps communities diversity
Psmm Psne Psor
First and secondy year of sampling
Open areas 0.22 (53.3%) 0.19 (46.7%)  0.42 (100%)
Shrubby vegetation 0.12 (70.83% 0.05(29.17%.  0.17 (100%)
Secondary vegetation 0.37 (84.37% 0.07 (15.65%  0.44 (100%)
Pairwise among vegetation types
Open areas — Shrubby vegetation 0 (0%) 0.30 (100%)  0.30 (100%)
Open areas — Secondary vegetation 0.33 (82.5%) 0.07(17.5%)  0.40 (100%)
Shrubby vegetation - Secondary vegetation 0.25 (62.5%) 0.15(37.5%)  0.40 (100%)
Pairwise among vegetation for dry season
Open areas — Shrubby vegetation 0 (0%) 0.25 (100%)  0.25 (100%)
Open areas — Secondary vegetation 0.33 (86.1%) 0.049 (13.2%  0.36 (100%)
Shrubby vegetation - Secondary vegetation 0 (0%) 0.18 (100%)  0.18 (100%).
Pairwise among vegetation for rainy season
Open areas — Shrubby vegetation 0 (0%) 0.20 (100%)  0.20 (100%)
Open areas — Secondary vegetation 0.16 (36.4%) 0.27(63.6%)  0.44 (100%)
Shrubby vegetation - Secondary vegetation 0.16 (57.1%) 0.12(42.9%)  0.28 (100%)
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Rainfall, temperature and vegetation type influence nesting by

the oil-collecting bee Centris (Hemisiella) tarsata in Brazilian restinga

Manuscrito aceito pelo periddico Apidologie
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Rainfall, temperature and vegetation type influence nesting by

the oil-collecting bee Centris (Hemisiella) tarsata in Brazilian restinga

Nesting by Centris tarsata in restinga

Abstract

Solitary bees are the main pollinators of native plant species and crops, therefore
understanding how they respond to environment is essential to maintain ecosystem
function and services. Here, we assessed how climatic conditions and vegetation
type influence Centris tarsata nesting in Brazilian restinga. Evaluations were
conducted using trap-nests placed in open areas, shrubby and secondary vegetations,
and at understory and canopy in open areas and secondary vegetations. Overall,
nesting was higher during the dry season, mostly in open areas at 1.5m height.
However, in shrubby and secondary vegetations nesting seems to be favored by a
specific rainfall and temperature range. Furthermore, the amount of brood cells, total
number of adults and nest length were higher in open areas compared to shrubby and
secondary vegetations. Therefore, our results show that rainfall, temperature and
vegetation structure are determining factors in C. tarsata nesting in the Brazilian

restinga.

Keywords: Trap-nests / cavity-nesting bees / pollinators / climate conditions /

Malpighiaceae
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1 -INTRODUCTION

Mutualistic interactions between plants and pollinators play a fundamental
role in the maintenance of ecosystem functions and services. Plants provide food
resources such as pollen and nectar to pollinators, which in turn help fruit and seed
formation through pollination services (Giannini et al. 2015). Bees are the most
important and effective pollinators. Furthermore, they are ecologically and
functionally diverse, forage on a wide variety of floral forms and nest on a myriad of
substrates (Klein et al. 2007). The number of bee species worldwide could be as high
as 30.000 species (Michener 2007), from which 85% have a solitary habit (Silva et
al. 2001; Buschini & Wolff 2006). Solitary bee species have specific habitat
requirements such as pre-existing cavities for nesting as well as flower resources
(pollen, nectar and oil), and thus, they heavily rely on vegetation structure (Ebeling
et al. 2012; Flores et al. 2018). Additionally, the reproductive success of solitary
bees can be indirectly affected by climatic conditions owed to their influence on host
plant community richness, composition, physiognomy and bee nesting biology.
Therefore, habitat simplification has adverse effects on bee diversity, which makes
preservation efforts pivotal for the maintenance of Aculeata populations (Morato &

Campos 2000, Morato & Martins 2006; Faria & Gongalves 2013; Flores et al. 2018).

Several studies evaluating solitary bee communities in areas with well-
defined dry and rainy seasons revealed that Megachile sp. (Megachilidae), Eufriesea
nordestina Moure, Euglossa cordata Linnaeus, Tetrapedia diversipes Klug,
Xylocopa fronmtalis Olivier, and species belonging to the genus Centris such as
Centris tarsata Smith, C. analis Fabricius and C. vittata Lepeletier (Apidae) are the

most common species (Aguiar & Martins 2002; Aguiar et al 2005, Mesquita &
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Augusto 2011, Flores et al 2018). The genus Centris encloses medium to large sized
solitary bee species, it is predominantly occidental, and distributed from tropical
areas of Argentina and Bolivia to the United States (Silveira et al. 2002; Michener
2007). These species need a rich flora to obtain food resources such as nectar, pollen
and floral oils for both larvae and adults. Centris (Hemisiella) tarsata (Smith), 1874
is widely distributed in Brazil and it has been recorded in different biomes and
climatic conditions countrywide (Silva et al. 2001; Aguiar & Martins 2002; Aguiar
& Gardfalo 2004; Buschini & Wolff 2006, Mendes & Régo 2007, Mesquita &

Augusto 2011, Flores et al. 2018).

Although some studies have investigated the vertical nesting of bees in
tropical forests (Morato 2001; Mendes & Régo 2007; Stangler et al. 2015), they were
carried out in the Amazon forest and in semi-deciduous vegetation in Brazil, and in
forest remnants in Costa Rica. Information on bee nesting preference for understory
or canopy is scarce, and to our knowledge no study has addressed the vertical nesting
behavior of solitary bees in restinga. This tropical and subtropical ecosystem is
typical on coastal regions, and it is composed by herbaceous plants, shrubs and
arboreous strata on sandy plains under marine influence (Souza et al. 2008; Serra et
al. 2016). Accordingly, we addressed the following questions: (1) is there an
association among climatic conditions, type of vegetation and C. farsata nesting
behavior? (2) Do nest architecture (brood cell number built, nest length, cavity
width, thickness of entrance and partition walls, and volume of cell) biological
characteristics and parasitism vary among vegetation types? (3) Is there preference

for C. tarsata nesting at different vegetation strata?
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2 - MATERIAL AND METHODS

2.1 — Study area

The study was carried out in a protected area (763.37 ha) belonging to
Empresa Brasileira de Pesquisa Agropecudria (Embrapa) in the municipality of
Itaporanga D'Ajuda (11° 06'16.19 "S; 37° 11'05.89" W), in the northeastern Brazilian
State of Sergipe. According to Kdppen classification, predominant climate in the
region is tropical with marked dry (September to February) and rainy (March to
August) seasons, with average annual rainfall above 1250 mm. The biome is Atlantic
rainforest composed by a matrix of mangrove, restinga and apicum (sandy open
areas influenced by the tidal regime). The study was conducted within the restinga
domain (Nogueira Junior et al. 2013). Rainfall and temperature were respectively
obtained from a meteorological station located in the area and from the Instituto

Nacional de Meteorologia (INMET), on a per-month basis.

2.2 - Sampling

Trap-nests consisted of 15 pieces of hollow bamboo canes (20.0cm long)
with one node in the middle, forming two internodes (9.0 to 11.0cm deep). Bamboo
canes had internal diameters ranging from 0.3 to 2.0cm evenly distributed (5 hollow
bamboo canes of 0.3 to 0.8cm, 5 of 0.9 to 1.4cm and 5 of 1.5 to 2.0cm of diameter)
and they were wrapped together with a 22.0cm wide plastic sheet and wire, totaling
thirty cavities. Trap-nests were set up in three vegetation types in restinga, viz. (1)
open areas - dominance of grasses as Paspalum maritimum Trind., weeds, cactus

(Melocactus zehntneri, Britton & Rose) and some sparsely distributed trees, direct
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sunlight; (2) shrubby vegetations - dominance of shrubs and few tree species as
Anacardium occidentale L., Byrsonima crassifolia L. Kunth, Myrciaria tenella D.C.
Berg, some grasses, partial shading with high luminosity; and (3) secondary
vegetations — dominance of medium to large tree species as A. occidentale,
Hancornia speciosa Gomes, Tapira guianensis Aublet and Inga sp., dense
vegetation, soil covered by a thick litter layer, shaded with low luminosity. Four
replicates for each vegetation type were chosen, totaling twelve sampling areas.
Study sites were usually clustered in groups of three vegetation types to avoid spatial
autocorrelation (Teodoro et al. 2011). At each study site, four trap-nests were hung
by a wire and attached to a tree branch at 1.5m above the ground and distanced 1.0m
from each other. Entomological glue was monthly applied to the wire to avoid
crawling arthropods. Trap-nests were monthly inspected throughout two years (from
July 2016 to June 2018) and nested bamboo canes were removed and replaced with
empty onesAwith similar internal diameter.

Nested bamboo canes were individualized in a plastic cage and kept indoors
at 27°C < 2°C until the emergence of C. farsata adults and their cleptoparasites, also
known as cuckoo bees or cuckoo wasps that loot brood cells storage (Ebeling et al.
2012) and parasitic flies. Emerging adults were killed, sexed and the morphometry
was performed. Nest architecture features such as the count of brood cells and
measures of total nest length (from the first to last cell built), nest width, and
thickness of the brood cell partition and entrance wall were also evaluated with a
caliper ruler. Brood cell volume was calculated by the formula: .72k, where 7 is the
width and / the length of the cell. Wings of three adults of each sex were measured
with a scale-magnifier model MG13100, totaling 12 adults (females and males) from

each vegetation type, except for secondary vegetation where in one of the sampling
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areas, no adults emerged. Identification of nest building material and counting of
dead immatures (no emerging individuals of C. farsata, cleptoparasites or offspring
who died in early stages) were performed three months after the nests were taken to

the laboratory.

2.3. - Nesting stratification

An additional nesting stratification preference study was performed by lining
up two trap-nests tied together with a wire and attached to a rope at 1.5, 3.5 and 5.5m
height in open areas and secondary vegetations, with four replicates. The rope was
attached to a pulley at the tip of a 7.0m high bamboo pole. Entomological glue was
applied to bamboo pole base to prevent crawling arthropods. Evaluations were
monthly conducted for one year, beginning in September 2016, and the nested
bamboo canes were taken to the laboratory and replaced by empty ones with similar

internal diameters. Nested cavities were kept indoors as explained above.

2.4 - Statistical analyses

Data were nested and analyzed using generalized linear mixed-effects
models (GLMEs) with Poisson (discrete variables) or Gaussian (continuous
variables) error distributions (Crawley 2007). The models were subjected to analysis
of variance (ANOVA), and a posteriori contrasts were performed to assess
differences among treatments (Crawley 2007). Spearman correlations were
performed between the number of nests built and temperature, rainfall and tree

abundance using ISWR package. Pearson’s chi square test (¥?) was performed to
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compare C. farsata sex ratios among vegetation types. All analyses were performed
with R software version 3.3.1 (R Development Core Team 2016) and subjected to
residual analyses in order to assess the suitability of the models and error
distributions (Crawley 2007).

A classification and regression tree analysis was further performed for a
better understanding of how climatic conditions influenced C. farsata nest building
on different vegetation types. Evaluation period (month), temperature (°C), rainfall
(mm) and vegetation types were considered as explanatory variables, while the
number of nests built by C. tarsata was treated as response variable. The root node
represents total sampling, which further divides into two or more sets called decision
nodes and into sub-nodes and/or terminal nodes. Differences among sub-nodes and
parent node were accessed through the Chi-Squared Automatic Interact Detection
(CHAID) method (Kass 1980). The analysis was performed in XLSTAT 2014.5.3

and adjusted by Bonferroni correction, at 5% significance level.

3 - RESULTS

3.1 — Centris tarsata nesting according to vegetation type

A total of 162 nests of C. tarsata were collected, the majority in open areas
(52.47%), 37.03% in shrubby and only 10.50% in secondary vegetations. Altogether,
585 adults of C. tarsata emerged from the nests, most of them from open areas
(59.6%), followed by 32.14% from shrubby vegetations and 8.20% from secondary
vegetations. The cuckoo bee Mesocheira bicolor Fabricius (54.05%) was the main C.

tarsata natural enemy emerging from nests, followed by an Anthidiini species
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(37.84%) and Coelioxys sp. (1.8%) (Megachilidae). Other natural enemies emerging
from nests were the dipterans Anthrax spl (4.5%) and Anthrax sp2 (1.8%)
(Bombyliidae).

Centris tarsata nesting period lasted from October 2016 to February 2017,
peaking in November and December during the dry season. A new nesting cycle was
recorded from September 2017 until Januvary 2018, peaking in November and in
January (Fig. 1). Nesting was negatively correlated with rainfall (rho = -0.581, P
<0.01) and abundance of tree species (rho = -0.755, P <0.01), but not with

temperature (rho = 0.2047, P>0.05).

Classification and regression tree analysis yielded five levels of depth as
shown in Figure 2. In higher temperatures, the mean number of nests was 0.81 in
36% of samples (P<0.001) contrasting with a lower number (0.28) in 64% of
samples in lower temperatures (P<0.05). In shrubby and secondary vegetations,
nesting mostly occurred when temperatures were high and associated to a low
rainfall (P<0.001). Also, there was no nesting in 16% of samples in shrubby and
secondary vegetations with increasing rainfall (£<0.001). In open areas, the main
explanatory factor was the sampling period, being the mean number of nests (1.25)
higher in December in 1.3% of samples (P<0.001) followed by September and
October. Moreover, the mean number of nests was higher (4.0) in 1.3% of samples
(P<0.001) when the temperature increased in June, July, August and November. In
those months, there was a decrease in cumulative rainfall in relation to the previous

period (Fig. 1).
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3.2 Nest architecture and bionomical characteristics

Nests were constructed with a mixture of sand and vegetal oil which covered
the outer wall of the entrance, hardening after dry. Brood cells were arranged
according to cavity width, linear in smaller sized cavities, perpendicular in medium
sized and in some cases, overlapping each other in larger cavities. The inner brood
cell was smooth and hard in appearance, covered by a cellophane-like film. Brood
cells contained a dark yellow to brown mixture of pollen and nectar as food supply
for larvae.

The number of brood cells built per nest differed among vegetation types:
open areas had the highest numbers, followed by shrubby and secondary vegetations.
There was no difference in nest width, wall thickness, and brood cell volume among
vegetation types. The partition wall thickness of the brood cells was higher in

secondary vegetations compared to open areas and shrubby vegetations (Table I).

After field collection, emergence of adults from nests ranged from 2.0 to 49.0
days for males and from 4.33 to 40.6 days for females. The total number of emerged
adults and males of C. farsata was influenced by vegetation types (> = 4.84, d.f.=1,
P<0.001; y* = 7.75, d.f. = 1, P<0.01, respectively), being highest in shrubby
vegetations, followed by open areas and secondary vegetations. The mean number of
females, cleptoparasites and dead immatures were also influenced by vegetation
types (x® = 15.67 d.f. = 1, P<0.001; = 6.62, d.f. = 1, P<0.01; y*> = 31.67,d.f. = 1,
P<0.01, respectively), with higher values for open areas, followed by shrubby and
secondary vegetations. There was no difference in the size of male or female wings

(> =0.48, d.f. =2, P>0.05; x> = 0.08, d.f. =2, P>0.05, respectively) (Table I) among
P
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vegetation types. Sex ratio was significantly male biased in secondary vegetations
(sr= 1:0.37, x* = 13.13, d.f. = 5, P< 0.05), but not in open areas (sr = 1:0.35, > =
19.33, d.f. = 19, P>0.05) and shrubby vegetations (sr = 1:0.27, ¥* =17.42, d.f. = 13,

P>0.05).

3.3 — Nesting stratification

A total of 31 nests founded by C. farsata were collected, roughly half of
which (14 nests) in open areas and closer to the soil (1.5m height), followed by 9 and
3 nests at 3.5m and 5.5m height, respectively. We observed considerable fewer nests
in secondary vegetations (16.13%; 1 nest at 1.5m, and 2 nests at 3.5m and 5.5.m
height). The cuckoo bee M. bicolor was the only cleptoparasite that emerged from

the nests and it was found only in open areas.

The highest number of brood cells and dead immatures (P<0.001) was
recorded at 1.5m height and the lowest at 5.5m in open areas. The total of individuals
was lower in nests closer to the canopy (at 5.5m height) when compared to those
nearer to the soil (1.5m height). Neither vegetation nor trap-nest height influenced

the total number of males and females (Table II).

4 - DISCUSSION

Rainfall was the main climate condition explaining C. farsata nesting
patterns over the 2-year sampling period, and it was negatively correlated with
nesting. In contrast, temperature had no influence on nesting, possibly owing to its

low variation throughout the year, which contrasts with well-defined rainy and
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drought periods in the study region. However, when temperature and rainfall were
analyzed in relation to the type of vegetation and throughout the sampling period,
new results emerged. The classification and regression tree shows two ‘distinct
groups of C. farsata (Fig. 2): one influenced directly by rainfall and temperature and
another influenced by the sampling period. Nesting in shrubby and secondary
vegetations was favored at low rainfall and high temperature, increasing rainfall
ceases nesting, possibly because high humidity is unfavorable for nesting. In open
areas, C. tarsata nesting was also generally concentrated during the dry season, in
months of low rainfall and higher temperatures. Either drought or rainfall periods
beyond normal may disturb floral resources availability, and consequently bee
frequency. The frequent annual population fluctuations appear to be a regular feature

for bee species that nest in pre-existing cavities (Frankie et al. 1998).

This nesting pattern in the dry season is consistent with results from other
Brazilian vegetations such as eucalyptus, riparian and mesophytic forests in
Maranhdo State, semideciduous seasonal forest and open savanna in Parafba State,
and swamps and pastures in the southern region (Aguiar & Martins 2002; Buschini
& Wolff 2006; Mendes & Régo 2007). However, Aguiar and Garéfalo (2004)
observed more C. tarsata nests during the rainy season in semi-deciduous and
semiarid caatinga vegetations. Sunny habitats can provide more resources for the
construction and provision of nests, such as floral resources, when compared to
shaded habitats, as observed in open areas. Concerning floral resources, we
frequently observed C. farsata foraging on Byrsonima crassifolia (Malpighiaceae)
mainly in shrubby vegetations, which is in line with other studies that recorded bees
foraging for oil and pollen on Byrsonima spp. (Mendes & Régo 2007; Mello et al.

2013).
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Our results show that C. farsata, in restinga vegetation, act as a bivoltine
species with two generations per year, each generation lasting approximately two
months. Nests were found for only five months per year, in both years. Similar
results were found by Buschini & Wolff (2006) for C. tarsata and by Martins et al
(2014) for C. flavifrons. Aguiar & Gardfalo (2004) studying C. tarsata nesting
behavior in caatinga and semi-deciduous vegetation observed some nests diapausing
after being established in mid rainy season (caatinga vegetation) or in mid dry season
(semi-deciduous vegetation), both stressful periods. These authors suggested that C.
tarsata possibly spends stressful periods either as adults or as prepupae in diapause
to withstand harsh environmental conditions. In fact, evidence indicates that
diapause is the primary mechanism through which the annual rhythm of insect life-
history phases are appropriately synchronized to seasonal conditions, and it is
subjected to both genetic and environmental influence (Tauber & Tauber, 1981;
Faria & Gongalves, 2013). Another strategy may be taking shelter in unknown
places, as suggested by Pereira et al (1999) and Ramos et al (2010). Adults of C.
tarsata might diapause in restinga vegetation during stressful periods, but this

remains yet to be investigated.

Regarding nest architecture, C. farsata females built thicker brood cells
partition wall in secondary vegetations compared to open areas and shrubby
vegetations. This could be related to the smaller amount of resources for nest
building (sand) in secondary vegetations, since its ground is covered by a large
amount of litter. However, vegetation type did not influence the thickness of
entrance plug wall and we observed a layer of oil outside of all nests entrance plug,
which may be a characteristic from subgenus Hemisiella to protect the nest (Pereira

et al. 1999; Buschini & Wolff, 2006).
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Sex ratio was male biased in secondary vegetation, but not in open areas and
shrubby vegetations. Aguiar & Martins (2002) and Aguiar & Garéfalo (2004) also
reported a male-biased sex ratio for C. farsata. However, Silva et al. (2001),
Buschini & Wolff (2006) and Mendes & Régo (2007) found a female-biased sex
ratio. According to Silva et al. (2001), sex ratio is often variable, and it is associated
to the abundance of resources available in the environment for females. Also, a
lower number of emerging females might be caused by parasitism, as parasites and
cleptoparasites prefer female brood cells, possibly due to higher nutritional quality of

food stored (Aguiar & Martins 2002; Buschini & Wolff 2006).

Cleptoparasites observed in C. tarsata nests were the cuckoo bees M. bicolor,
Coelioxys sp. and Anthidiini, and the dipterans Anthrax spl, Anthrax sp2, which
were also recorded in other Brazilian biomes (Aguiar & Martins 2002; Aguiar &
Garoéfalo 2004; Buschini & Wolff 2006). According to a study carried out in small
secondary forest remnants in Costa Rica, parasitism rates tend to be high in the
understory due to the dominance of Centris, which was observed nesting at 2.0m
height (Stangler et al. 2015). Here, the low parasitism rate recorded in the understory
may possibly be due to the low number of nests founded. Therefore, further studies
are needed to elucidate the parasitism of C. farsata in restinga, mainly in the

understory and canopy.

The number of dead immatures was higher in open areas, possibly due to a
related high number of nests and brood cells built. Moreover, climate conditions,
especially temperature, can reach extreme values in open areas, potentially
increasing larvae and juvenile bee mortalities (Jesus & Garéfalo 2000; Aguiar &

Garoéfalo 2004; Buschini & Wolff 2006).
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In open areas, C. farsata preferred to nest in trap-nests near to the ground
unlike in secondary vegetations, where only one nest was built at this height. This
preference for lower heights in restinga may be favored by proximity from nest
building resources such as sand, and floral source such as oil, nectar and pollen. On
the other hand, for denser habitats such as secondary forests, microclimatic
conditions may be more favorable for nesting at higher strata, which may explain our
results for secondary vegetation. Also, Mendes & Régo (2007) observed that C.
tarsata built more nests in the canopy of eucalyptus (5 to 12m height) and

mesophytic forest (12.0m height) compared to nests at 1.5m heigh.

In restinga, rainfall is a determining factor in C. tarsata nesting which was
concentrated in the dry season, mainly in open areas, where we also recorded the
greatest amount of brood cells and highest nest length. In shrubby and secondary
vegetations, nesting seems to be favored by specific climatic conditions present in
the understory and canopies especially in the harsh dry season. Centris tarsata
preferred to nest in the understory in secondary vegetations and open areas, however,
further studies on nesting behavior and exploitation of floral resources in restinga are
needed in order to improve the management and maintenance of related ecosystem

functions and services.
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482  Table I - Nest architecture and bionomical characteristics of C. tarsata individuals in relation to restinga vegetation types

Open areas Shrubby vegetations  Secondary vegetations

X+SD N X+SD N X+SD N ¥ df P
Total brood cells 12.87+23.96 515 732+12.73 293 2.30+4.45 92 2146 1 <0.001
Nest lenght (cm) 595+133 85 543+ 1.54 60 448 £1.05 17  6.69 1 <0.05
Cavity width (cm) 145+1.59 85 1.66 +2.30 60 1.07+£0.27 17 0.61 2 >0.05
Thickness of partition walls (mm) 0.77+0.004 85 0.78 £ 0.01 60 0.79 +0.017 17  5.66 1 <0.05
Thickness of the entrance walls (mm) 0.82+0.063 85 0.79 + 0.026 60 0.82 +0.024 17  0.11 2 >0.05
Volume of cells (cm?) 206056 85 1.89+£0.43 60 2.06+0.70 17 043 2 >0.05
Total of individuals 13.04+16.46 349 1435+19.13 188 331+5.10 48 4.84 1 <0.001
Total of males 8.27+11.18 224 9.47 £ 11.58 138 2.31+£3.56 30 775 1 <0.01
Total of females 477617 125 4.11£5.36 50 1.5+£2.15 18 1567 1 <0.001
Total of Cleptoparasites 1.32+£2.64 52 1.92 £3.99 29 0.22 + 0.61 5 6.62 1 <0.01
Total of dead immatures 282+70 114 1.9+3.87 76 0.95+2.09 39 3167 1 <0.001
Male wing lenght (mm) 9.71+£0.75 12 9.61+0.72 12 9.83+0.86 9 048 2 >0.05
Female wing lenght (mm) 994+053 12 9.94 £ 0.60 12 10.0 £ 0.68 8 008 2 >0.05

483 N =total number, X + SD = mean + standard deviation
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485  Table II - Influence of vegetation and height on nesting features by C. tarsata in

486  restinga open areas, shrubby and secondary vegetations.

Explanatory

Response variable variable Ve d.f P
Brood cells Vegetation 34.503 1 <0.001
Height 66.109 2 <0.05
Vegetation x height ~ 87.237 2 <0.001
Dead immatures Vegetation 46.145 1 <0.05
Height 36.669 2 <0.001
Vegetation x height  82.519 2 <0.05
Total individuals Vegetation 0.191 1 > 0.05
Height 42.019 2 >0.05
Vegetation x height 6.224 2 <0.05
Total males Vegetation 0.411 1 >0.05
Height 2.598 1 >0.05
Vegetation x height  0.2507 >0.05
Total females Vegetation 1.901 1 >0.05
Height 1.626 1 >0.05
Vegetation x height 2.313 2 >0.05

487

488

489
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Line artwork (vector graphics) as *.eps, with a resolution of > 300 dpi at final print
size

»  Bitmap files (halftones or photographs) as *.tif or *.eps, with a resolution of
>300 dpi at final sizeFinal figures will be reduced.

e To ensure all text will be legible when reduced to the appropriate size use large
legends and font sizes. We recommend using Arial for labels within figures without
bolding text.
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Each plot/image grouped in a figure or plate requires a label (e.g., a, b). Use lower
case letters on grouped figures, and in text references.
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CONSIDERACOES FINAIS

Abelhas e vespas solitarias respondem fortemente as condi¢Ses climaticas e
ao tipo de vegetacdo em restinga, com preferéncia por nidificaciio em é4reas abertas e
vegetagdo secundaria. A composi¢io de espécies varia ao longo dos niveis de
complexidade de habitat, ¢ os padrdes que direcionam a distribuicfio de espécies

difere entre os tipos de vegetagio e condi¢des climaticas.

Na restinga, a precipitagdo ¢ um fator determinante na nidificagio de C.
tarsata, que ficou concentrada na estagfio seca, principalmente em areas abertas. Por
outro lado, em vegetagdo arbustiva e secundaria a nidificagiio foi favorecida por
condi¢des climaticas especificas, além de ser maior no sub-bosque. No entanto, sdo
necessarios mais estudos sobre o comportamento de nidificagio e exploragéo de
recursos florais na restinga.

Portanto, compreender a composi¢do da comunidade de espécies de abelhas
e vespas solitdrias € crucial para o manejo e conservagio dessas espécies que

fornecem servigos ambientais essenciais ao funcionamento dos ecossistemas.



