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Orchid bees (Apidae: Euglossini) and oil palm plantations (Elaeis guineensis
Jacq.) in eastern Amazon: changes in species composition, body size and

functional diversity.

ABSTRACT

In this study, we evaluated the role of legal reserves (LR) and areas of permanent protection (APP)
in the maintenance of orchid bee species, and we tested the influence of abiotic and habitat
parameters on taxonomic and functional diversity of this group. In addition, we investigated the
occurrence of phenotypic variations (body and wing size, and fluctuating asymmetry) in response to
environmental stress caused by oil palm plantations. Orchid bee males were sampled in nine areas
(3 RL, 3 APP, and 3 oil palm plantations) in the municipality of Taildndia, southeast of the state of
Para. In each area, we installed six separate sampling stations, 500 m apart, each one with six scent
traps; totaling 36 traps per area, and 108 per habitat type. We compared differences in observed
abundance and richness using a One-Way ANOVA, we evaluated species composition patterns with
a PCoA, and we also used a species indicator analysis. A partial RDA was applied to evaluate the
influence of habitat attributes, space and habitat type on taxonomic and functional parameters of
bees. In addition, we compared body and wing size variations of the individuals through the types
of habitat. Our results indicate that oil palm areas are characterized by the presence of few
individuals and species, low functional diversity, and by larger bees. Despite this, we recorded four
species associated to LR, which can be useful indicators of orchid bee’s communities in the
Amazon rainforest. The habitat structure was not a good predictor of both functional and taxonomic
composition, and no levels of fluctuating asymmetry were detected, but bees from oil palm showed
larger wings compared to forest areas. Our research highlights that APPs play an important role in
maintaining both taxonomic and functional composition of orchid bees, which could reinforce the
fact that bees use these areas as displacement corridors in a matrix formed by oil palm plantation.

Thus, both LRs and PPAs areas fulfill their purpose of protecting the biodiversity of orchid bees.

Keywords: areas of permanent protection; oil palm; functional diversity; fragmentation; legal

reserve.



Abelhas das orquideas (Apidae: Euglossini) e as plantacoes de palma de dleo
(Elaeis guineensis Jacq.) na Amazonia Oriental: mudanc¢as na composicio de

espécies, tamanho corporal e diversidade funcional.

RESUMO

Neste trabalho, foi avaliado o papel das reservas legais (RL) e das areas de preservagao permanente
(APP) na manutencdo das espécies de abelhas das orquideas, e testada a influéncia de parametros
abioticos e estruturais do habitat sobre a diversidade taxondmica e funcional desse grupo. Além
disso, foi investigada a ocorréncia de variacdes fenotipicas (tamanho corporal e de asas e assimetria
flutuante) como resposta ao estresse ambiental provocado por plantagdes de palma de 6leo. Os
machos de abelhas das orquideas foram coletados em nove areas (3 RL, 3 APP e 3 plantios de
palma de 6leo) no municipio de Tailandia, sudeste do estado do Para. Em cada area foram
instaladas seis estagdes de coleta separadas 500 m entre si, contendo seis armadilhas odoriferas;
totalizando 36 armadilhas por area e 108 por tipo de habitat. Foram comparadas as diferencas na
abundancia e riqueza observadas usando uma ANOVA One-Way, os padrdes de composi¢ao de
espécies foram avaliados através de uma PCoA, e também por uma analise de indicador de
espécies. Uma RDA parcial foi aplicada para avaliar a influéncia de atributos do habitat, do espaco
e do tipo de habitat sobre parametros taxondmicos e funcionais das abelhas. Adicionalmente, foram
comparadas as variacdes de tamanho corporal e de asas dos individuos em fun¢do do tipo de
habitat. Os resultados deste trabalho indicam que os plantios de palma de 6leo sdo caracterizados
pela presencga de poucos individuos e espécies, baixa diversidade funcional e por abelhas de maior
tamanho corporal. Apesar disso, foram registradas quatro espécies associadas as RL, que podem ser
indicadores tUteis de comunidades de abelhas de orquideas da floresta Amazonica. A estrutura do
habitat ndo foi um bom preditor da composi¢do funcional e taxondmica, e ndo foram detectados
niveis de assimetria flutuante, mas as abelhas dos plantios apresentaram asas maiores comparadas
com as das areas de floresta. Esta pesquisa destaca que as APPs desempenham um papel importante
na manuten¢do da composi¢do taxondmica e funcional das abelhas das orquideas, o que poderia
reforcar o fato de que as abelhas utilizam essas areas como corredores de deslocamento em uma
matriz formada por plantagdo de palma de 6leo. Assim, tanto as RLs quanto as PPAs cumprem seu

proposito de proteger a biodiversidade das abelhas das orquideas.

Palavras-chave: areas de preservacdo permanente; palma de o6leo; diversidade funcional;

fragmentacao; reserva legal.



INTRODUCAO GERAL

A polinizacdo ¢ um servico ecossistémico dependente da biodiversidade, sendo uma
atividade essencial para a seguranga alimentar e a perpetuacao de diversas plantas nativas, além de
sua elevada contribuicao para a produtividade de espécies cultivadas (Klein et al. 2007, Ollerton et
al. 2011). Nas ultimas décadas, as a¢des antropicas decorrentes das mudangas no uso da terra e a
perda de habitat, com consequente redug¢do dos recursos florais e dos locais para nidificagdo
(Kremen et al. 2007, Hernandez et al. 2009, Steffan-Dewenter et al. 2005, Klein et al. 2007, De
Palma et al. 2015, Giannini et al. 2015, Oliveira et al. 2016), aliado ao uso indiscriminado de
pesticidas (Henry et al. 2012), tem acarretado o preocupante cendrio de declinio das populagdes de
diversos grupos de polinizadores em todo o mundo. Como resultado, os locais mais impactados sdo
caracterizados pela ocorréncia de espécies generalistas e com dispersdo elevada, cuja composi¢ao
sdo subconjuntos das espécies que ocorrem nos ambientes mais conservados (Vellend et al. 2007,
Karp et al. 2012).

Contudo, essas pressdes ambientais nem sempre afetam todas as espécies de forma idéntica,
e acredita-se que elas sejam mediadas por caracteristicas inerentes a cada espécie (Kassen 2002). As
respostas dos polinizadores frente as diferentes formas de uso da terra sdo frequentemente avaliadas
utilizando métricas de riqueza e/ou abundancia das espécies, ¢ mais recentemente tém sido
enfatizadas e cada vez mais tem sido utilizadas abordagens conjuntas dessas caracteristicas com
atributos morfologicos (ex. tamanho corporal e comprimento da glossa) e comportamentais (ex.
estratégias reprodutivas, socialidade e amplitude de nicho) dos polinizadores (Williams et al. 2010,
Benjamin et al. 2014, De Palma et al. 2015). Em geral, as espécies que apresentam maior
sensibilidade aos processos resultantes da intensificacdo da agricultura e isolamento de habitats sdo
aquelas que possuem nicho mais limitado (especialistas) e um nivel organizacional mais complexo
(como as abelhas sociais), quando comparadas com as espécies generalistas e de habito solitario
(Williams et al. 2010, Kassen 2002).

As mudangas na paisagem podem também afetar a estabilidade do desenvolvimento dos
individuos, reduzindo a energia que seria empregada para crescimento e reproducdo, provocando
alteragcdes no seu arranjo corpéreo (Leung et al. 2000, Koehn e Bayne 1989). Nesse caso, as
populagdes de areas alteradas tendem a apresentar individuos com menor tamanho corporal, ou
ainda, com modificagdes no seu plano simétrico, como a auséncia de simetria (Del Lama et al.
2002, Sanseverino e Nessimian 2008). Essa instabilidade do desenvolvimento pode ser expressada
pelo aumento nos niveis de assimetria flutuante (AF) em alguns caracteres morfoldgicos dos

organismos. Para alguns autores, a AF ¢ definida como um desvio aleatorio e ndo direcional da



simetria bilateral, sendo sua intensidade associada a estresses ambientais sofridos pelo individuo
ainda durante o seu desenvolvimento (Palmer e Strobeck 1986). Essas alteragdes podem ser
provocadas por variagdes de temperatura (Bjorksten et al. 2011), sazonalidade (Silva et al. 2009),
ou ainda pela contaminagao por pesticidas e polui¢ao (Hardersen e Frampton 1999, Abaga et al.
2011).

Em abelhas, o arranjo simétrico e o tamanho corporal (este Gltimo comumente estimado
através da medida da distdncia intertegular) constituem importantes atributos relacionados
diretamente com a distancia de voo e capacidade de dispersdao dos individuos (Cane 1987). Alguns
trabalhos demonstraram a relagao existente entre o tamanho dos polinizadores e as mudangas no uso
da terra, indicando que as respostas do tamanho de corpo de abelhas (maior ou menor) dependem
tanto da proporcdo de habitat natural disponivel, quanto da escala espacial considerada (ex.
paisagem ou local; Steffan-Dewenter et al. 2002, Bommarco et al. 2010, Benjamin et al. 2014).
Além disso, a ocorréncia de altos niveis de AF nas asas pode afetar o forrageamento, a fuga de
predadores e os comportamentos de acasalamento (Cordoba-Aguilar 1995, Stewart ¢ Vodopich
2013).

Uma das principais atividades modificadoras da paisagem na regido Amazdnica nos ultimos
anos tem sido a expansdo das dreas cultivadas com a palma de 6leo Elaeis guineensis Jacq.
(Arecaceae), também conhecida como dendé. No Brasil, mais de 90% dos plantios implementados
encontram-se na por¢do nordeste do estado do Para, que se apresenta como o maior produtor de
6leo de palma do pais (Nahum e Santos 2016, Alves et al. 2013). Contudo, diferentemente dos
plantios situados na Malésia e Indonésia, por exemplo, o estabelecimento de novas areas plantadas
tem ocorrido principalmente pela conversao de pastagens, € uma fragdo muito pequena ¢ resultante
da remocdo de florestas naturais intactas (Benami et al. 2018). Esse cenario tem se concretizado a
partir da implementagdo do Programa de Produgio Sustentavel de Oleo de Palma (PSOP), iniciado
em 2010, submetendo a expansdo do cultivo de palma de dleo exclusivamente a areas ja
antropizadas, obedecendo as regras de recuperacdo de areas degradadas, conservacdo da
biodiversidade e uso racional dos recursos naturais (Carvalho et al. 2015; Brasil PLC N° 119/2013)

Apesar disso, as areas de plantios de palma de 6leo na Amazdnia sdo caracterizadas por um
nimero reduzido de individuos e espécies de alguns grupos de insetos aquaticos (ex. Heteroptera e
Ephemeroptera; Cunha et al. 2015, e imaturos de Plecoptera e Trichoptera; Paiva et al. 2017),
devido principalmente ao comprometimento da qualidade dos cursos d’agua situados em meio aos
plantios, em fun¢do de mudancgas nas caracteristicas fisico-quimicas da dgua e devido a redugdo da
vegetacdo riparia (Bleich et al. 2014, Juen et al. 2016). Ainda assim, apesar do baixo valor de

conservagao apresentado pelos plantios de palma de 6leo quando comparados com areas de floresta



(Lucey e Hill 2011, Livingston et al. 2013), ha evidéncias de que essas areas cultivadas representem
certa permeabilidade a organismos terrestres, como passaros, borboletas e formigas (Koh 2008,
Lucey e Hill 2011), e mesmo para algumas espécies de abelhas (Rosa et al. 2015).

Como a demanda por 6leo de palma tem crescido exponencialmente, ¢ urgente a necessidade
de estabelecer estratégias que minimizem os impactos ambientais provocados pelas plantagdes
(Butler et al. 2009, Fitzherbert et al. 2008). A manutencao de areas de florestas naturais protegidas
nas formas de Reserva Legal (RL) e Areas de Preservacio Permanente (APP), por exemplo,
configuram alguns dos principais mecanismos de protecdo dos servicos ambientais em areas
agricolas no pais (Brasil Lei N° 12.651/2012; Marques ¢ Ranieri 2012). A presenca dessas areas
naturais favorece a ocorréncia de diversas espécies de polinizadores ao proporcionar habitat
disponivel, contribuindo para o equilibrio dos servicos ecossist€émicos, ¢ podendo inclusive
aumentar a produtividade de culturas agricolas que dependem da polinizagdo, situadas em areas
adjacentes aos plantios (De Marco Jr e Coelho 2004, Greenleaf e Kremen 2006, Pywell et al. 2015).

As abelhas das orquideas (Apidae, Euglossini) constituem um importante grupo de
polinizadores endémicos da regido Neotropical (Nemésio e Rasmussen 2011). Com
aproximadamente 250 espécies distribuidas em cinco géneros (4Aglae Lepeletier & Serville, 1825,
Eufriesea Cockerell, 1908, FEuglossa Latreille, 1802, Eulaema Lepeletier, 1841 e Exaerete
Hoffmannsegg, 1817), essas abelhas sdo caracterizadas pelo tegumento metalico e por apresentam
uma forte relagdo com as flores de orquideas, onde os machos ao realizarem coleta de fragrancias,
acabam polinizando-as (Dressler 1982). Além disso, tanto os machos quanto as fémeas sdo
responsaveis pela polinizagdo de diversas plantas nativas (Maués et al. 2002, Ramirez et al. 2002,
Cavalcante et al. 2012, Rocha-Filho et al. 2012).

Alguns estudos tém demonstrado que areas bem preservadas e com cobertura vegetal
continua favorecem a ocorréncia de um maior numero de individuos e espécies de abelhas das
orquideas, e que as areas desmatadas podem representar barreiras ao movimento de algumas
espécies (Tonhasca Jr et al. 2003, Brosi 2009), sendo muitas consideradas especialistas do interior
de florestas e sensiveis a fragmentacdo florestal (Milet-Pinheiro e Schlindwein 2005). Por essas
razdes e, aliado ao fato de serem facilmente amostradas, os Euglossini tém sido considerados um
grupo chave nas avaliagdes de indicadores de perturbacdes ecologicas provocadas por mudangas no
uso da terra (Solar et al. 2015, 2016).

Os resultados encontrados por Livingston et al. (2013) e Rosa et al. (2015), que avaliaram as
respostas de abelhas das orquideas em plantios de palma cultivados na Costa Rica e em um corredor
de Floresta Atlantica no estado da Bahia, respectivamente, revelam que essas abelhas possuem

respostas espécie-especificas, com diferentes niveis de tolerancia e sensibilidade. Além disso, os



Euglossini apresentam certa mobilidade entre os ambientes de floresta e os plantios, mas essas
mudangas estdo possivelmente relacionadas a bases filogenética e funcional (Livingston et al 2013,
Rosa et al 2015). Assim, a incorporacdo de abordagens complementares, como métricas de
diversidade funcional, identificando quais atributos (morfoldgicos e/ou comportamentais) tornam as
espécies mais vulneraveis as acdes antropicas, podem ser ferramentas uteis para uma melhor
compreensdo da relagdo entre os impactos das plantacdes de palma de 6leo e a diversidade de
polinizadores naturais, como as abelhas das orquideas, além de servirem de base para o
direcionamento de prioridades de conservagdo (Rader et al. 2014, Luiza-Andrade et al. 2017).

Diante do exposto, neste trabalho foram exploradas as variagdes de atributos populacionais
(abundancia e riqueza), da composi¢do de espécies, assim como dos aspectos morfométricos e
funcionais de assembleias das abelhas das orquideas, comparando individuos amostrados em areas
de florestas naturais protegidas (as Reservas Legais e as Areas de Preservagio Permanente, aqui
também referidas como “reservas florestais™ e “corredores riparios”, respectivamente) e em plantios
de palma de o6leo (Elaeis guineensis Jacq.) no municipio de Tailandia, nordeste do estado do Para.

A presente tese € composta por trés artigos, cada um correspondente a um capitulo, cujo dois
primeiros estdo publicados e o ultimo encontra-se submetido. No Capitulo 1, foi avaliado o papel
das reservas florestais e dos corredores riparios na conservagao ¢ manutencao da biodiversidade de
abelhas das orquideas, em uma matriz formada por plantios de palma de 6leo. Esse trabalho foi
publicado na Revista Apidologie (Qualis A2-Biodiversidade) com o titulo “Forest reserves and
riparian corridors help maintain orchid bee (Hymenoptera: Euglossini) communities in oil palm
plantations in Brazil”, no qual foram testadas as hipdteses de que (a) a riqueza e abundancia de
abelhas das orquideas sdo maiores nas reservas florestais € menores no plantio de palma de 6leo, e
as APPs (Areas de Preservagdo Permanente) apresentam niveis intermediarios de riqueza e
abundancia, e (b) que existe diferenca nos padrdes de composi¢do de espécies dessas abelhas entre
os trés tipos de usos da terra avaliados.

No Capitulo 2, foram avaliadas a influéncia de caracteristicas do hdbitat e a resposta da
diversidade funcional das abelhas das orquideas a diferentes tipos de habitat (os mesmos utilizados
no capitulo anterior). Para tal, foram testadas as seguintes hipoteses: (a) tanto a variagdo de tamanho
de corpo das abelhas quanto a diversidade funcional sdo maiores nas reservas legais (RL) do que
nos demais tipos habitats, (b) individuos de maior tamanho de corpo ocorrem nas areas de plantio
de palma de 6leo comparados com aqueles encontrados nas areas de floresta (RLs e APPs), e (c)
que parametros abidticos e variaveis da estrutura do hébitat afetam a abundancia e caracteristicas
funcionais das espécies de abelhas das orquideas. Esse capitulo resultou no manuscrito intitulado

“Effects of habitat type change on taxonomic and functional composition of orchid bees (Apidae:



Euglossini) in the Brazilian Amazon”, o qual estd publicado na revista Journal of Insect
Conservation (Qualis B1- Biodiversidade).

Por fim, no Capitulo 3, foi investigada a presenca de variagdes fenotipicas (assimetria
flutuante e tamanho das asas) em abelhas das orquideas como respostas ao estresse ambiental
provocado pelo plantio de palma de o6leo. Para tal, foram utilizados exemplares das espécies
Eulaema (Eulaema) meriana (Olivier, 1789) e Euglossa (Glossura) ignita Smith, 1874 coletados
nos trés tipos de habitat. Neste trabalho, intitulado “The wings of two orchid bee species are larger
but not asymmetrical in oil palm plantations of eastern Amazon”, foi testada a hipotese de que os
individuos de ambas as espécies coletados nas areas de plantio apresentam maiores niveis de AF e
também asas maiores, quando comparados com individuos das areas de floresta (RL e APPs). O
manuscrito resultante desde capitulo foi submetido para a revista Insectes Sociaux (Qualis B1-

Biodiversidade).
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Capitulo 1

Forest reserves and riparian corridors help

maintain orchid bee (Hymenoptera: Euglossini)

communities in oil palm plantations in Brazil
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O capitulo I desta Tese foi elaborado e
formatado conforme as normas da
publicacdo cientifica Apidologie, as
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Abstract — Orchid bees (Apidae, Euglossini) are important pollinators in the Amazon forest. In eastern Brazilian
Amazon, secondary forest and pastures are being replaced by oil palm plantations. Here, we tested the role of forest
reserves and riparian cornidors in maintaining orchid bees. We sampled bees in three different sol-type uses,
comparing richness, abundance. and assemblage composition. Estimated richness was lowest in palm plantations
than in forest reserves and ripanan corridors on diversity of orchid bees. Ripanan corridors had the highest
abundance, followed by reserves, and oil palm plantations. Bee assemblage also varied with land cover. with the
reserves having the most distinct composition. We also identified indicator bees for pnimary forest. Our results
demonsirate riparian corridors and forest reserves can maintain orchid bees in oil palm landscapes.

Amazon ! Euglossini / fragmentation / land use / permanent protection areas

1. INTRODUCTION

One of the greatest challenges facing conserva-
tion biologists in an age of rapid agricultural
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expansion for food, fiber, and fuel 1s understand-
ing how to retain biodiversity and associated eco-
system services within sustainable production
landscapes (MEA 2005; Tomich et al. 2011;
Laurance et al. 2014). Pollination 1s a critical
biodiversity-dependent ecosystem service in both
natural and human landscapes that can be nega-
tively impacted by land-use changes (Steffan-
Dewenter et al. 2005; Klem et al. 2007; Giannini
et al. 2015). In tropical plantations, such as coffee
and cacao, proximity to natural areas and forests
can boost farmers” yields by providing habitat to
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wild pollinators that pollinate farmers® crops
(De Marco Jr and Coelho 2004; Greenleaf and
Kremen 2006). However. despite their ecological
and economic importance. pollinators are
declining worldwide due to habitat loss, land-use
changes, and the pervasive use of pesticides
(Henry et al. 2012; Burkle et al. 2013; Oliveira
et al. 2016).

In the Neotropics, orchid bees (Apidae,
Euglossini) compose an important group of
endemic pollinators containing nearly 250 spe-
cies (Nemésio and Rasmussen 2011). They are
known for their striking metallic colors and
males’ scent=collecting behaviors from blooms-
ing orchids and other flowers, which is alleg-
edly used to attract females (Dressler 1982a).
This behavior makes orchid bees ecologically
critical as long-distance pollinators (Dressler
1982a), where individual plants are often wide-
ly spaced at low densities (Janzen 1971). Or-
chid bees pollinate more than 600 species of
plants and are frequent wisitors to hundreds
more {Dressler 1982a; Ramirez et al. 2002;
Rocha-Filho et al. 2012), including economi-
cally important species like Brazil nuts (Maués
2002). Orchid bees are more diverse in
rainforests (Nemésio and Silveira 2007), and
many species are forest-interior specialists and
are sensitive to forest fragmentation (Milet=
Pinheiro and Schlindwein 2005), in contrary
to most bee groups that are usually more di-
verse in xeric and temperate zones (Michener
2007). Consequently, habitat loss, conversion,
and degradation negatively impact orchid bee
assemblages (Brosi 2009).

In the tropics. oil palm (Elaeis guineensis
Jacq.) 15 one of the of the most important com-
modity plantations, as the oil has multiple uses
from food to cosmetics to biofuel (Fitzherbert
et al. 2008). Oil palm plantations now cover more
than 14.5 million hectares worldwide, and contin-
ue to rapidly expand (Foster et al. 2011;
Livingston et al. 2013). Most o1l palm is in South-
east Asia, but Neotropical ol palm plantations are
expanding, particularly in Brazil where oil palm
production doubled from 46,000 ha m 2001 to
109,000 ha in 2009 (FAO 2013). The great ma-
jonty of o1l palm plantations in Brazil are located
in the State of Pard. within the Belém Endemism

@ Springer
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Center biodiversity hotspot (Gascon et al. 2001;
Brandio and Schoneveld 2015). In general, con-
ventional oil palm plantations have low conserva-
tion value due to the loss of biodiversity and
simplification of habitats compared to native for-
ests (Turner and Foster 2009; Foster et al. 2011).
Further. oil palm plantation insect assemblages are
typically dominated by a few abundant general-
1sts, non-forest species, and pests (Chey 2006;
Fitzherbert et al. 2008).

Some studies in the Neotropics found that or-
chid bee communities are sensitive to oil palm
plantations and increasing isolation from forest
habitat. as well as other landscape changes
(Livingston et al. 2013; Powell and Powell 1987,
respectively). To mitigate some of these effects,
Brazilian law requires land owners to preserve
forest reserves and ripanian comdors (permanent
protection arcas or “Areas de Preservagdo
Permanente” in Portuguese, henceforth APPs),
believing that these refuges may maintain biodi-
versity and cormdors can connect fragmented pop-
ulations (Brazilian Law n® 12,651 2012; Marques
and Ranieri 2012).

In this study, we examined the role of forest
reserves and riparian comidors in conserving and
maintaining orchid bee biodiversity in the oil palm
landscape in the Brazilian State of Pard, the most
important agricultural frontier for oil palm in the
region (Fitzherbert et al. 2008; Butler and
Laurance 2009). Since some orchid bees species
are very sensitive to fragmentation and do not use
the matrix environment summounding forest frag-
ments to disperse throughout their habitats (Milet-
Pinheiro and Schlindwein 2005; Rosa etal. 20135),
we hypothesized that orchid bee richness and
abundance would be greatest in the forest reserves
and lowest in the palm plantation, with the APPs
containing intermediate levels of nchness and
abundance.

2. MATERIALS AND METHODS
2.1. Study site
The study was camied out in o1l palm plan-

tations, forest reserves, and APPs at the
Agropalma Industrial Complex, near the
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municipality of Taildndia, in the southeast of the
state of Pard. Brazil (Figure |). approximately
02°20" and 02°40'S by 48°30" and 49%0"W.
Agropalma consists of 107,000 ha where
64,000 ha are preserved as forest reserves and
the other 40,000 ha are conventional palm plan-
tation (the remainder being company infrastruc-
ture). The region’s climate is hot and humid,
with two well-defined seasons, a dry season
between June and November, when orchid bee
sampling took place. and a rainy season, be-
tween December and May. Mean annual precip-
itation 15 2451 mm, mean temperature approxi-
mately 26 °C, and relative humidity around
88.5% (Albuquerque et al. 2010) and according
to the Kippen classification is defined Af and
Am (Peel et al. 2007; Alvares et al. 2014).
Agropalma has eight large forest reserves in
the region and forested APPs connecting them.
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2.2. Orchid bee sampling

We sampled male orchid bees from 12 July to
28 July 2015 in three areas (sites) of each land-use
type (3 forest reserves, 3 APPs, and 3 oil palm
plantations) (Figure 1), totaling nine sampling
days. This rapid survey approach is appropnate
for this group of bees, and short sampling periods
have been demonstrated to be nearly as effective
in revealing community patterns as year-long sur-
veys (Roubik 2004; Livingston et al. 2013). We
sampled one site per day using 36 scent traps,
displaced in groups of six, constituting a subsams-
pling station, similarly to what has been previous-
ly done by Silva and De Marco Jr (2014) in
Cerrado areas. The six subsampling stations with-
in the same site were separated from one another
by 500 m (Figure 1). The distance between palm
plantation sites ranged from 5 to 10 km; APPs

Agropalma porimener
Rivers
: Ol e ol it Lo
I Foren rosories
Sampleng locavionm
#  Fores fserve
& APP

B Comessonal palm

Subsamplirg slalioee

Figure 1. Map of sudy region near Tailindia in State of Pard, Brazil. and image of forest reserves, oil palm
plantation and APPs, the dominant land uses in the region sampled. The aerial landscape photo shows the oil palm
plantations, APPs (“Areas de Preservacio Permanente™ or permanent prolection areas), and forest reserves. The
second photo shows an example of an APP with a wide, meandering stream. Podnts on map represent the sampled
sites; each point on the map was further subsampled with 6 subsampling stations (below). each with 6 scents. (Photo
credit: Agropalma Industrial Complex, upper feft ; C. Phifer, lower lefi )
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sites were separated from 10 to 11 km apart from
each other, and the distance between forest sites
ranged from 10 to 19 km. Though proximity
between different land-use types was often 1-
2 km and maximum distance was approximately
20 km. Traps were built from empty 2-L PET
plastic bottles with three openings as conceived
by Campos et al. (1989). At each subsampling
station, six scent traps were used and each trap
contained a cotton swab dipped in one of six
scents: vanillin, eucalyptol, methyl cinnamate,
methyl salicylate, benzyl acetate, and eugenol
(Nemésio 2009).

Each land-use type site was sampled three
times, with the sampling location haphazardly
selected based upon existing trails and roads. All
oil palm plantation sites were =2 km from the
edze of the nearest forest reserve. For the forest
sites, we walked along established trails in three
large forest reserves (the smallest 4200 ha; the
largest 16,700 ha, Figure 51), setting one sam-
pling station near the edge, and then every 500 m
along the trail, penetrating approximately 2.5 km
into the forest reserves. Weather was warm with
no rain during the sampling period and palm
flowermg was universally low. Traps were hung
for 24 h (sampling effort of 2592 trap h™") and
then, bees were sampled, pinned, and identified to
species level using taxonomic keys (Dressler
1982b; Roubik and Hanson 2004; Moure 2000;
MNemésio 2009; Oliveira 2006). All bees were
compared with specimens previously confirmed
by Dr. André Nemésio and Dr. Marcio Oliveira,
deposited in Entomology Museum of the
Embrapa Amazdma Onental and Museu Paraense
Emilio Goeldi. Specimens were deposited at the
Entomology Museum of the Embrapa Amazonia
Omental.

2.3, Statistical analysis

We calculated estimators of species richness
based on firsteorder Jackknife using EstimateS
Win9. 10 software (Colwell 2013) for each site,
and we compared the differences between land
uses (APP, forest reserve, and palm plantations)
by performmg a Kruskal-Wallis test due to the
non-normality nature of our data. We also per-
formed accumulation curves of species to each
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land-use types, considering the random method
with 9999 permutations. Differences in observed
species abundance and richness among sites were
compared using a one-way ANOVA, with abun-
dance from each subsampling station log 10 trans-
formed. We performed post hoc compansons of
significant ANOVA results by Tukey test.

To assess the distance dependence among sub-
sampling stations on bee assemblage composi-
tion, richness, and abundance, we performed a
Mantel test. The Mantel test provides a correla-
tion coefficient value (r) of compansons be-
tween the attmbutes of the orchid bees and the
distance of each subsampling station. Patterns of
species composition were evaluated with a prin-
cipal coordinates analysis (PCoA), an ordination
technique where species abundances of each site
(subsamplng station) were log (x + 1) trans-
formed to balance values, and applied the
Bray—Curtis index. To test for differences in
species composition between land uses, we used
a permutational multivariate analysis of vanance
(PERMANOVA) and to compare differences
within groups and determine the effect of hetero-
geneity (dispersion) on significant
PERMANOVA results, we performed pairwise
comparnsons of dispersion using Pnmer 6 soft-
ware (PERMDISP; Anderson 2006). We also
performed a nonmetne multidimensional scaling
(NMDS) only as a complementary analysis,
since contrary to PCoA, this ordination method
does not provide explanation values of each or-
dination axis. We complemented our PCoA anal-
ysis with a species indicator analysis (IndVal;
Dufréne and Legendre 1997; Caceres and
Legendre 2009} to evaluate potential land-use
associations for each species with the three land
uses at our study site. A perfect indicator species
should oceur only in sampling units from a given
category (specificity) and in all sampling units of
that given category (fidelity).

Lastly, we evaluated the patterns of scent
sampling efficiency with a Kruskal-Wallis test,
and these are detailed in the supplementary
material (Figure 51 and Table 52). We follow-
ed the assumptions for all statistical tests,
transforming the data when necessary. We also
assumed an o value of 0.05 mn all analyses. We
performed all analyses using R (20016).
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Figure 2. Cumulative curves of species {solid lines ) with standard deviation {dashed lines ), of orchid bees sampled
at Agropalma, Tailindia municipality, State of Pard, Brazil Land-use codes: APP “Areas de Preservacio
Permanente™ (permanent protection areas), Pafm oil palm plantations, Forest forest reserves.

3. RESULTS

During our sampling period, we collected 2867
male euglossine bees from 25 species belonging
to four genera Ewlaema (EL), Eufriesea (Ef ),
Euglossa (Eg.), and Exaerete (Ex.) (Table 81),
respectively, abbreviated for clanty and brevity
throughout the text. In all three land uses, El
cingulata and El meriana accounted together
for =60% of all bees collected. These two species
were the dominant species in APPs and palm
plantation. In contrast, Eg. chalvbeata was the
most abundant species in forest reserves.

Observed species nichness was greatest in the
forest reserves and APPs, and lowest n palm plan-
tations (Fz sy = 22.577, F < 0.001). Ol palm
plantations had about 14 species less than forest
reserves (P oy, < 0L001) and an amount of 13
species less when compared to APPs (P
Tukey < 0.001). Jackknife species nchness estimates

20

m forest reserves averaged 2161 £ 1.34 (mean =
standard deviation), 17.44 = 443 in APPs, and
7.67 £ 0.16 in palm plantations. Accumulation
curves of species sampled n forest fragments and
APPs were similar, while oil palm areas showed low
values (Figure 2). Species richness estimated of
forest reserves and APP areas were not different
from one another (H g y=o = 7260, P = 0.036)
{Figure 3). Observed abundance patterns were dif-
ferent from species nichness patterns for each land
use. Surprisingly, total abundance of orchid bees
was highest m APPs (382 mdividuals), followed
by foresis (244 mdividuals) and palm (241 mdmvid-
uals) (Online Resource: Table 1), even though these
differences were not significant (Fo 5, = 1.303;
P =0280).

The composition of the orchid bee assem-
blage vaned with land use. Both PCoA and
NMDS tests revealed a clear difference between
forest sites and two other land uses based on the
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32 H iy neg) =7-260, P=0.036

|2
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28

24

20

16
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Species Richness Estimate

Forest APP Palm

Land use type
Figure 3. Comparison of the estimated species richness of euglossine bees by land use in Tailindia municipality,
State of Pard, Brazil, based on first-order jackknife method. Center represents the mean and the bars represent 95%
confidence intervals. Land-use codes: APP “Areas de Preservacio Permanente™ (permanent protection areas), Palm
oil palm plantations, Forest forest reserves.

sample composition (Figure 4a and Figure 52), results from PEEMANOVA and PERMDISP
with the formation of two distinct species groups  tests showed significant differences in the com-
within these areas (Figure 4b). Additionally, munity composition between land uses, except

a b
(LR T 0.4 T
04 .| B2 iog? e
- H - H &p23
= . " : H & -. = m;::u: “:'5 Bpid 3::-8 554
= & - - * 5 ] spd  EpS
- » LI = WEIZ 4 appn spt
e T ] . d -,,,-'-*'Il R R R RREEEEEE = Bl frmmmmmem ewm e Bl o ot e e - de--onm
% . 'l - - E ! spld L)
i L [ &
] '
g - f . ¢ -
| . 0.2 spl [
& APPs i i n
& Palm | H
# Forest ' '
-0.B . -0.4 8
-0.8 0.4 oo 0.4 -] -4 ] oo 0.2 0.4
PCoAl(31.31) PCoAl(31.31)

Figure 4. The principal coordinates analysis (PCoA) for data ordered by samples (a ) and englossine species (b)), Land-
use codes: APP “Areas de Preservacio Permanente™ (permanent protection areas), Palm oil palm plantations, Forest
fiorest reserves. Species codes: spf | Eufitesea ommata | gp2 |, Englossa amazonica ; sp3 | E. augaspis ; spd ., E bidentata ;
sp3 ., E. chalybema © sp6 |, E. crassipuonctata s sp7 , E. dgnita s spd | E imperialis © sp@ | E. intersecta ; spl0), E. modestior ;
spdl | E orellana ; spl2 | E parvulda ;. spi 3, E. securigera ; spld | Euglossa sp.l; spd 5| E townsendi ;. spl6 . Enlgema
bombiformes : spl 7| E cingulata : spl 8, E. meriana ;. spl9 . E mocsanyd © sp20. E nigrita ; sp2d, E. polyzona ; 5p22
E. psewdocingulata , sp23 , Exaerete frontalis | sp24 . E. lepeletieri | sp235, E. smaragding.
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between APP and palm plantation {pairwise
Monte Carlo test; Table I; Figure 4). Finally,
the species indicator analysis revealed five spe-
cies as potential environmental bioindicators
(Table II). Although Eg. bidentata, Eg.
securigera , and Eg imperialis were unique to
forest (Table S1), other four species were indi-
cated as potential indicators of forest reserves
(Eg. amazonica, Eg. augaspis, Eg. bidentata
and Eg. imperialis). Euglossa chalybeata was
considered indicator of preserved areas (APP
and Forest), despite it has been recorded m all
land-use types (Table I, see also Table S1).
Euglossa modestior. Eg. chalvbeata , Eg. ignita,
Eg. augaspis, El bombiformis, El. cingulata,
El meriana, EI. mocsaryi, and El. nigrita were
found in all three land uses, and oil palm plan-
tation was the only land use with none unique
bee species (Figure 5).

We observed an effect of subsampling distances
on bee abundance (Mantel » = 0.12, P = 0.006),
observed richness (Mantel r = 0,10, P = 0.015)
and on the vanation on assemblage similarity
iMantel » = 0.11, P = 0.013). However, as the
explanation of the geographic space on the attri-
butes evaluated was low (Mantel r values <15%),

Table I. Results of PERMANOVA and PERMDISP
tests based on Bray—Curtis dissimilarities (25 species;
o008 permutations). The analysis did not provide values
for the missing cells in the table

df Ms

Source® Pscudo-F
Habitat 2 11,547 7568 ™
Reesiduals 51 15258
Total 53

Groups” T
APP vs palm 34 1.495™
APP vs forest 34 2.494™
Palm vs forest 34 1632™

s not sigmiticant

w0 i) 0]

* Main tests

B Pairwise COMpansons

22

m subsequent analyses, we assumed that sites rep-
resented independent samples.

4. DISCUSSION

In this study, we found significant differences
in the orchid bee assemblages present in forest
reserves, APPs. and oil palm plantations. Contrary
to our hypothesis, APPs did not show intermedi-
ate levels of richness and abundance of orchid
bees. but had an approximately equally diverse
assemblage to forest reserves. The Amazon basin
contains an estimated 127 species of euglossine
bees (Wemésio and Silveira 2007), and we sam-
pled more than 20% of this species pool in a short
time during the dry season when catch rates are
about 38 species (Mateus et al. 2015). Overall, the
community we sampled was dominated by a few
species, with El cingulata and El. meriana ac-
counting for =60% of the total orchid bee abun-
dance. Nevertheless. in both forest and APP areas
the species accumulation curves never plateaued,
indicating that the communities are under-
sampled in land-use type, while sampling in the
oil palm plantation seemed to have reached its
peak nichness.

The sampled APPs mamtamed high levels of
euglossing bee richness and amdance, and we
sampled 20 of the 23 forest species within the APPs,
as well as all the species sampled within the palm
plantations. This suggests that these comdors are
being effectively used by the orchid bees as dispersal
routes, and that they are potentially connecting all
the large forest reserves. In the Atlantic rain forest,
riparian stnps and small forest patches were also
found to be effective stepping-stones or comdors
for orchid bees (Rosa et al. 2015), and APPs are
believed to explain the presence of some Amazonian
orchid bees within the Brazihan savanna (Silva et al.
2013; Martins et al. 2016). Similar results were also
found in northeastern Brazilian humid tropical for-
ests, where riparian forests of the Sio Francisco
River function as biocomdors, providing refuge
arcas and mamtanmg orchid bee species (Moura
and Schlindwein, 2009). Edge-dominated forests,
like the APPs. in Costa Rica also supported diverse
orchid bee communities (Brosi 2009). Throughout
the plantation, the APPs’ width varnied from 50 to
250 m. depending on the size of the stream, habitat
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Table 1L Indicator values (IndVal) for euglossine species collected at different land uses in the municipality of

Tailindia (State of Pard, Brazil)

Species IndVal P Association
Enfriesea ornata 0236 1.000

Englossa (Englossa) amazonica 1.438 0035 Forest
Euglossa (Englossa) bidentata a.zor 0.005 Forest
Englossa (Euglosza) modestior 0236 NA

Euglossa (Englossa) securigera 0236 1.000

Englossa (Englossa) sp. 1 0332 0.345

Englossa (Euglossa) townsendi 0408 0200

Euglossa (Glossura) chalvbeata 0.808 0.5 APP + forest
Englossa ((losnura) ignita 0.707 NA

Euglossa ((lossura) imperialis 0.707 0.5 Forest
Englossa (Clossura) orelfmna 0333 0.570

Euglossa ((lossurela) augaspis 0555 0.035 Forest
Euglossa (Glossurella) crassipunctata 0236 1.000

Englossa ((lossurela) parvila 0451 0060

Euglossa (Glossuropoda) intersecta 0.333 0545

Evlgema (Apeulaemal cingulata 0.933 NA

Ewlaema (Apeulacma) mocsaryi 0304 NA

Evlgema (Apeulaema) nigrita 0512 0110

Evlgema (Apeulaema) prewdocingulaia 0298 0.610

Ewlaema (Ewlaema) bombiformis 0,60 0,050

Eulaema (Eulaema) meriana 0892 NA

Evlaema (Eulaema) polvoona 0289 0.750

Exaerete frontalis 0527 0.075

Exaerete lepeletieri 0236 1000

Evaerete smaragding 0238 100

Ital values mdicate specics as potential environmental biomdicators

NA non-significant values

complexity and intactness, and habitat heterogeneity,
habitat features that may also explain the wider
standard deviation for observed species nchness in
this land-use type in our study area. Other
invertebrate-nparian comdor studies have shown
that these forest comidors can benefit bindiversity,
even if spill-over into palm matrix is low, and forest
maintains greater diversity (Gray et al. 2016).
Forest fragments have been shown to be impor-
tant landscape components for some euglossine
bees. and it has been suggested that some of these
species indeed do not leave the fragments to use
the surrounding matnix (Milet-Pinheiro and
Schlindwemn 2005). Individual male euglossine
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bees routinely travel widely, especially outside of
small fragments that are unlikely to provide all the
life-history requirements needed for stable popula-
tions of several species of large. fast-flying bees
{Tonhasca Jr et al. 2003; Brosi 2009). Additionally.
orchid bees are known to fly long distances
{~30 km in a single day), especially the larger ones
(Janzen 1971; Raw [989; Becker et al. 1991;
Wikelski et al. 2010; Pokomy et al. 2015). Thus,
some EFulaema species (e, El cingulata, El
mocsarvi . El. meriana, and El. bombifarmis )
should be more capable of leaving forest fragments
than smaller bees, as was observed for other large

body size species {e.g.. El migrita) (Raw 1989;
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APPs

583

Forest

Ex. lepelelieri
Ex. smaragdina
Eg. lownsend

El. polyzona

Palm
Figure 5. Venn diagram of species composition in the three land uses in Tailindia municipality, State of Pard, Brazil.
Asterisks refer to species identified as indicators of forest reserves (¥), indicators of preserved areas (forest reserves +
APPs) (**) by the indicator analysis IndVal. No unique species was identified as being part of the oil palm plantation.

Wikelski et al. 2010; Pokomy et al. 2015). The
remarkably simple orchid bee assemblages found
in o1l palm plantations, regarding species nchness,
abundance, and composition, seems to confirm the
importance of forest patches to populations of these
bees in the area.

Our species indicator analysis identified four
euglossine bee species associated with forest re-
serves and one species occurred n both forested
areas (forests and APPs), suggesting they are not
tolerant to disturbance. Therefore, these species
may be useful indicators of intact Amazoman
forest orchid bee communities. Euglossa analis
and Eg. sapphirina are known to be associated
with forest interiors. while other species may not
be affected by habitat loss (Tonhasca Jr et al.
2002; Nemésio and Silvemra 2006). Contrary to
what we expected, based on other studies, EI
nigrita was not identified as an indicator of
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Eg. crassipunciala

Eg. areflana Eg. bidentata”

Eg. panaia Eg. gam.rrig&:ra

Eg. infersecta Eg. imperalis
El. pseudocingulala

Eg. augaspis®

Eg. modestion
Eg. ignifa

Eg. chalybeala™

El. bombiformis

Ef. cingiulata

El. meriana

El. mocsanyi

El. migrita

No unigque species

Ex. fronfalis

disturbed areas, such as the plantations we sam-
pled. Given the ability of this species to occur in
disturbed landscapes and its high flight capacity,
habitat loss is not expected to cause populational
decreases of this species (Silva and De Marco Jr
2014). Nonetheless, this species 15 expected to
benefit in future scenanos of climate change and
deforestation in this biome, what may facilitate its
expansion to Central Amazonia (Silva et al.
2015).

Owerall, our results should still be carefully
mterpreted. This is one of the first studies of its
kind in Amazonian oil palm plantations (e.g..
Shimano and Juen 2016), and we considered only
three coarse land-use types. Future studies should
also consider how land use affects dispersal pat-
terns of orchid bees in the region, including fine-
scale habitat features that may also influence bee
communities, as well as temporal vanations. We
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believe that previous radio-tracking studies in-
volving bees in general (Wikelski et al. 2010;
Hagen et al. 2011) may improve our understand-
img on how these species disperse in oil palm
plantation embedded within landscapes with nat-
ural vegetation.

We also report some low-level of spatial comela-
tion. There is no consensus on the appropnate spatial
design of sampling euglossine bees, with evidence
that both local and landscape features mfluence
species (Giangarelli et al. 2015; Nemésio et al.
2016). The similanty of the orchid bee assemblage,
nichness, and abundance had some relatedness to the
proximity of the sampled sites, but the percentage of
explanation was low (<15%). This result suggests
that the differences we found are caused by the
evahmted land-use types rather than sampling sites’
distances. Moreover, our community results also
suggest a true divergence between forest and non-
forest bees. Only one study explicitly addressed the
effects of spatial autocorrelation upon orchuid bee
diversity, with similar low levels of comelation
(Brosi 2009). Considering the flight capabilities of
these bees descnbed above, ideally, all sampling
pomnts should be long-distanced from one another.
Still, field logistics and site availability usually do
not allow an optimal distnbution of collecting sites,
particularly when working n agricultural landscapes
such as ours. Since we found a certain degree of
space-dependence between sites, new studies that
address this issue must be performed, although
selecting optimal sites in crop areas, which are
delimited primarily by economic reasons, is a chal-
lenging task.

Our results support the hypothesis that or-
chid bee species diversity would be greatest
in the forest reserves and lowest in the palm,
but., surprisingly. orchid bee abundance was
equal in forest and APPs. Despite the world-
wide negative reputation of oil palm planta-
tions for biodiversity (e.g., Lees et al. 2015),
landowners are interested in mitigating biodi-
versity loss. It 1s, therefore, cntical to provide
research results on the efficacy of different
plantation management strategies for retaining
biodiversity. Our research highlights that
large-scale o1l palm plantations with forest
reserves and connecting APPs can be man-
aged to protect orchid bee biodiversity.
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Supplementary material

Table S1. Complete species name and total abundance of orchid bees collected with
scent traps at the Agropalma Industrial Complex study areas, municipality of Tailandia,
Para State, Brazil in July 2015. APP: “Areas de Preservagdo Permanente” (Permanent

Protection Areas).

Conventional Forest

Species APP
oil palm reserve

Eufriesea ornata Mocsary, 1896 0 1 0
Euglossa (Euglossa) amazonica Dressler, 1982 0 1 6
Euglossa (Euglossa) bidentata Dressler, 1982 0 0 15
Euglossa (Euglossa) modestior Dressler, 1982 1 1 3
Euglossa (Euglossa) securigera Dressler, 1982 0 0 1
Euglossa (Euglossa) sp. 1 0 2 0
Euglossa (Euglossa) townsendi Cockerell, 1904 0 3 3
Euglossa (Glossura) chalybeata Friese, 1925 4 16 46
Euglossa (Glossura) ignita Smith, 1874 15 52 25
Euglossa (Glossura) imperialis Cockerell, 1922 0 0 15
Euglossa (Glossura) orellana Roubik 2004 0 2 4
Euglossa (Glossurela) augaspis Dressler, 1982 1 4 19
Euglossa (Glossurella) crassipunctata Moure,
1968 0 1 1
Euglossa (Glossurella) parvula Dressler, 1982 0 1 5

29



Euglossa (Glossuropoda) intersecta Latreille,

1817 0 4 2
Eulaema (Apeulaema) cingulata Fabricius, 1804 137 157 33
Eulaema (Apeulaema) mocsaryi Friese, 1899 1 2 2
Eulaema (Apeulaema) nigrita Lepeletier, 1841 5 7 2
Eulaema (Apeulaema) pseudocingulata

Oliveira, 2006 0 4 1
Eulaema (Eulaema) bombiformis Packard, 1869 3 9 13
Eulaema (Eulaema) meriana Olivier, 1789 74 108 35
Eulaema (Eulaema) polyzona Mocsary, 1897 0 1 2
Exaerete frontalis Guérin, 1844 0 4 7
Exaerete lepeletieri Oliveira & Nemésio, 2003 0 1 1
Exaerete smaragdina Guérin, 1844 0 1 3
Total individuals 241 382 244
Total species 9 22 23
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Table S2. Euglossine bee species attracted to bait scents in Tailandia, Para State, Brazil
(BA = benzyl acetate, EC = eucalyptol, EG = eugenol, MC = methyl cinnamate, MS =

methyl salycilate, VA = vanilin).

BA EC EG MC MS VA

Eufriesea ornata 0 0 1 0 0 0
Euglossa amazonica 1 2 4 0 0 0
Euglossa augaspis 0 0 5 0 0 19
Euglossa bidentata 0 0 4 0 6 5
Euglossa chalybeata 3 32 5 2 19 5
Euglossa crassipunctata 0 0 2 0 0 0
Euglossa ignita 67 4 1 17 3 0
Euglossa imperialis 0 0 0 0 15 0
Euglossa intersecta 0 6 0 0 0 0
Euglossa modestior 0 4 0 1 0 0
Euglossa orellana 0 0 1 3 1 1
Euglossa parvula 0 0 0 0 0 6
Euglossa securigera 0 0 0 0 1 0
Euglossa sp. 1 0 1 0 1 0 0
Euglossa townsendi 0 0 0 0 0 6
Eulaema bombiformis 10 0 0 2 13 0
Eulaema cingulata 19 0 135 0 0 173
Eulaema meriana 79 2 0 59 69 8
Eulaema mocsaryi 4 0 0 0 0 1
Eulaema nigrita 0 4 0 0 1 9
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Eulaema polyzona 1 0 0 0 2 0
Eulaema pseudocingulata 0 0 3 0 0 2
Exaerete frontalis 0 6 0 5 0 0
Exaerete lepeletieri 0 2 0 0 0 0
Exaerete smaragdina 0 2 0 1 0 1
Total individuals 184 65 161 91 130 236
Total species 8 11 10 9 10 12
Exclusive species 0 2 2 0 2 2
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H (5, N=324) =42.968, p<0001
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Figure S1. Kruskal-Wallis results of abundance (A) and richness (B) of orchid bees
collected using different scent baits in Tailandia municipality, State of Para, Brazil.
Center represents the mean and the bars represent 95% confidence intervals. Scent
codes: BA=benzyl acetate, EC=eucalyptol, EG=eugenol, MC=methyl cinnamate,

MS=methyl salycilate, VA=vanilin.
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Capitulo 2

Effects of habitat type change on taxonomic and

functional composition of orchid bees (Apidae:

Euglossini) in the Brazilian Amazon
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Abstract

Land use change impact species richness and functional diversity (FD). In the Brazilian Amazon. we examined the impacts
of oil palm plantations on orchid bee (Apidae: Euglossini) species using abundance and FD. We collected male orchid bees
in oil palm plantation (PALM), legal reserves (LR ), and riparian corridors ( APP), and then we used morphological and life-
history traits to characterize each species. We evaluated differences in bee body size by comparing intertegular span values.
We tested the influence of habitat on taxonomic and functional parameters of orchid bees by applying a partial redundancy
analysis (pPRDA). We contrasted FD by calculating species richness, functional richness. and functional dispersion. We
sampled 1176 bees from 30 species in 18 sampling days across 2015 and 2016. Males from PALM were 13.6% bigger than
those in LR areas. and bees from APP showed a similar pattern compared to LR and PALM. Less than 15% of the variation
in species composition was related to the distance among sampling sites. and 8% was due to habitat structure. In our pRDA,
the spatial difference explained 6% of the variation in orchid bee traits, but there were no effects of habitat parameters upon
FD. FD was reduced with land use change caused by oil palm plantations. Our findings support the belief that many bees
are impacted by cultivated lands. Nevertheless, the functional similarity between LRs and APPs reflects common structural
elements between them, although we did not find significant relationship between functional composition and habitat struc-
ture that we evaluated.

Keywords Body size - Functional dispersion - Functional diversity - Habitat structure - il palm

Introduction

The conversion of natural areas for agricultural activities
caused the need to monitor and predict how plant and animal
communities vary over these landscape gradients (Williams
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the species’ vulnerability to land-use changes, demonstrat-
ing how human-modified landscapes affects the taxonomic
and functional diversity (FD) of communities (Flynn et al.
2009; Laliberté et al. 2010; Die Palma et al. 2015). Although
there is evidence of loss of taxonomic and FD in amphibians
{Correa et al. 2015), birds (Almeida et al. 2016), and some
aquatic organisms (Luiza-Andrade et al. 2017), there is little
consensus on the actual effects of land-use changes on ter-
restrial invertebrate communities. Still, compelling studies
recently published show that human effects upon insects may
be many times greater than previously reported (Hallmann
etal. 2017).

Bees are one of the main terrestrial insect groups that pro-
vides essential pollination services, promoting food security
and contributing to the persistence of many native plants
and domesticated crops (Klein et al. 2007; Ollerton et al.
2011). However, in recent decades, marked changes in most
terrestrial ecosystems, primarily caused by human activities,
have contributed to widespread biodiversity loss, changes
in the structure of ecological communities, and a decrease
of ecosystem services (Mitchell et al. 2015; Newbold et al.
2015). As a result, the most disturbed sites are characterized
by depopulated species pools and homogenous communities,
with only a subset of original bee species present dominated
by generalist species. with high dispersal abilities compared
to pristine bee communities (Vellend et al. 2007; Karp et al.
2012; Solar et al. 2015).

Land-use changes and the conversion of natural habi-
tats to other habitat types can impact bee communities by
reducing floral and nesting resources (Kremen et al. 2007;
Burkle et al. 2013; Brito et al. 2017). The response of bee
species to different forms of habitats are usually determined
using metrics related to species richness andfor abundance
of bees (Winfree et al. 201 1; Benjamin et al. 2014; De Palma
et al. 2015). In general, species with more specialized niches
(space, ime, phenotype, andfor interspecific interactions)
are more sensitive to the effects of agricultural intensifica-
tion compared to generalist species ( Kassen 2002).

Studies have shown that reduction of vegetation cover
influences the distribution pattern of the local bee fauna
and exerts a selective pressure upon the communities
(Steffan-Dewenter and Tscharntke 1999; Silva and Rebélo
2002; Brito et al. 2017; Campbell et al. 2018). Despite the
fact that more complex environments are usually character-
ized by a higher number of species and diversity of niches,
which are related to the availability of feeding resources
(Tews et al. 2004), differences in bee communities among
habitat types may provide a better understanding of spe-
cies patterns in mosaic landscapes. allowing us to identify
more vulnerable and intolerant species to certain physical
factors (Lovejoy et al. 1986). For insects, habitat structure
and abiotic parameters are important factors influencing
community taxonomic composition (Viana et al. 2006;
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Mendes et al. 2017). In addition, in a more refined way, it
is necessary to identify which environmental conditions
are filtering species with certain traits, in order to know
the mechanisms related to FD changes in communities as
a result of environmental changes (Tilman et al. 1997).

Groups of eusocial and semi-social bees have been
strongly affected by the isolation of natural habitats and
the use of pesticides, compared to solitary bees (Wil-
liams et al. 2010; Milet-Pinheiro and Schlindwein 2005;
Brosi et al. 2008), because of their smaller foraging range
(Greenleaf et al. 2007). In addition, measures of morpho-
logical characters reveal that certain traits can specifically
influence the vulnerability of bees to habitat type. i.e. spe-
cies with a wide foraging area may cover a larger area in
fragmented landscapes, but this could increase the prob-
ability of contamination by pesticides in agricultural land-
scapes (Carvalho et al. 2011; Whitehorn et al. 2012; Rader
et al. 2014). Castilla et al. (2016) highlight the importance
of pollinator body size when evaluating the relationship
between biodiversity and ecosystem function, where even
small-bodied pollinators play an important role in the
maintenance of genetic connectivity in plant populations.
Even so, increased bee body size is often translated into
an improved ability to manipulate complex floral struc-
tures, as seen in many buzz-pollinated plant species (Solis-
Montero et al. 2015).

Orchid bees (Apidae, Euglossini) are a Neotropical
group of bees with a strong relationship with orchid flow-
ers. but most species also pollinate many other plant spe-
cies (Dressler 1982a; Ramirez et al. 2002; Rocha-Filho et al.
2012; Cavalcante et al. 2012). Comprising about 250 species
{(Nemésio and Rasmussen 201 1), these bees are sensitive
to environmental changes, habitat isolation, and fragmenta-
tion {Powell and Powell 19587; Nemésio and Vasconcelos
2013; Brito et al. 2017; Storck-Tonon and Peres 2017). They
can also be easily sampled by using inexpensive scent traps,
making them an ideal proxy for evaluating effects of habitat
disturbances (Solar et al. 2015). In recent studies conducted
in Eastern Amazon, orchid bees showed the highest species
diversity in secondary forests, intermediate levels in primary
forests. and only a few species in agricultural areas (Solar
et al. 2016). However, species composition in forested and
non-forested areas is highly differentiated, with apparently
smaller and more specialist species occurring within forests,
while non-forested areas are dominated by larger generalist
species that have a greater flying capability (Milet-Pinheiro
and Schlindwein 2005; Brito et al. 2017). This pattern of
species occurrence throughout the landscape is not surpris-
ing. considering that large orchid bees have a higher disper-
sal capacity (Janzen 1971; Raw 1989; Wikelski et al. 2010;
Pokorny et al. 2015) and, thus, have a greater ability to for-
age in and colonize new areas, even cross Open expanses
{(Nemésio and Silveira 2007).
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In Brazilian Amazon, oil palm (Efaeis sp. Jacg., Are-
caceae) is becoming in one of the most important commer-
cial crops, by producing several products derived from palm
oil (Miiller et al. 2006a; Alves et al. 2013). Results obtained
by previous studies have shown that orchid bee community
of forest habitats may be replaced by non-forest species. as
the distance from forest patches increases (e.g. Livingston
et al. 2013; Storck-Tonon and Peres 2017). However, to
promote forest conservation, the Brazilian government has
a program for the sustainable production of palm oil, pro-
moting oil palm plantations only in the indicated areas that
exclude native vegetation (i.e. forests) (Brazilian Decree, no
T.1722010: Embrapa 2010). Thus, current areas used for oil
palm plantations in the eastern Amazon, are characterized
by the presence of already deforested areas, differing from
the usual scenario found in Asian plantations, for example
(Bicalho et al. 2016).

Although some orchid bee species show some degree of
permeability through oil palm, particular characteristics,
such as the altered abiotic environment and the rarity of
orchids, made this land-use a low-guality matrix compared
to agroforestry systems (Livingston et al. 2012, 2013). Fur-
ther, even though bee species did not show clear variation
in functional traits in forest and oil palm (Livingston et al.
2013}, the study of functional responses to land-use change
and identifying which morphological traits make species
maore or less vulnerable to human impacts may be useful to
guide conservation priorities (Rader et al. 2014).

In Brazil. to allow for economic development of land
and ensure the maintenance of ecosystem services in the
Amazon Biome, rural landowners are required to maintain
50=80% of their properties as natural areas. These protected
areas can be large blocks of contiguous forest, called legal
reserves (LR). devoted to the conserve and rehabilitate of
ecological processes. and promote biodiversity conservation.
The second, include forest patches or native vegetation aside
riparian corridors, called the areas of permanent protection
(APPs). These APPs promote geological stability, water
filtration, and also act as corridors connecting populations
between forest fragments (Brazilian Law. no 12.651/2012).
These mandatory protected natural habitats are considered
one of the main mechanisms for the protection of environ-
mental services in the country (Margues and Ranieri 2012).

In this study, we evaluated the influence of habitat char-
acteristics and the response of FD of orchid bees to different
habitat types. We selected eight morphological traits that
relate to ecological filtering from 26 species that we col-
lected from LR, oil palm plantations (PALM]), and APP in
the Brazilian Eastern Amazon. If large orchid bees have a
greater flight capacity than smaller ones, and habitat struc-
ture may influence community composition of insects, we
hypothesized that the variation of orchid bee body sizes
and FD' would be greater in RLs than in other habitats.

Additionally, we expected that abiotic parameters and habi-
tat variables structuring habitat type conditions would affect
abundance and traits of orchid bee species.

Materials and methods
Study site and sampling

We sampled orchid bees in the southeastern portion of the
state of Para, Brazil, at a large-scale oil palm plantation
(Agropalma Industrial Complex), near the municipality
of Tailindia (approximately 02720" and 02°40°5 by 48°30’
and 49°0"W). between 12 and 28-July-2015 and 17 and
30-August-2016. We attracted and collected the male orchid
bees with six separate sampling stations with six scent traps
each in nine sampling sites (three LR, three APP, and three
PALM: see Fig. | in Brito et al. 2017), for a total of 36 traps
per site and 108 per habitat type. To attract bees, we hung
six scent traps spaced 2 m apart, at each sampling station
with the following unigue scents: benzyl acetate, eucalyptol,
eugenol. methyl cinnamate, methyl salicylate, and vanillin.
The sampling stations within each site were 500 m apart, and
we sampled one site per day.

The proximity between LRs ranged from 10 to 19 km;
APPs were 10-11 km apart. while PALM areas were sepa-
rated from 5 to 10 km. Sites from different habitat type were
at a minimum distance of 1=2 km. and at a maximum dis-
tance of, approximately, 20 km. In LR sites, we established
the first sampling station near to the edge and the subsequent
along every 500 m in established trails inside forest (in a
previously established trail). while in APP sites. the set of
traps were arranged in the middle of the vegetation that fol-
lowed the streams.

We made the scent traps with 2 L PET plastic bottles con-
taining an internal swab cotton, and three equidistant holes
in the medium portion, with landing platforms for entrance
of bees. We hung the sets of these traps for 48 h in each
sampling site (equal amounts of sampling effort during 2015
and 2016; 216 h). Then we removed, pinned. and identified
the captured (males) bees based on taxonomic keys (Dressler
1982b; Moure 2000; Oliveira 2006; Nemésio 2009), and
using reference entomological collection from Embrapa
Amazdnia Oriental and Museu Paraense Emilio Goeldi. We
deposited the sampled specimens at the Entomological Col-
lection of the Embrapa Amazdnia Oriental. Additional infor-
mation on methodology can be found in Brito et al. (2017).

Orchid bee traits
We measured five morphological traits for each captured

orchid bee species (the pinned specimens): intertegular
span (ITS) (as a measure of body size), wing length (WL).
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wing width (WW). interocular distance (ID), and head width
(HW) (Online Resource 1). We selected all species with total
abundance greater than or equal to two specimens, and no
more than 10 individuals per species were measured. For
species with more than 10 individuals sampled, we made
sure to include representative specimens captured in each
one of the habitat type. We obtained individual pictures for
each specimen with a Motic Cam 5.0 coupled to stereomi-
croscope (Motic SMZ 168, 0.75X), and then we analyzed the
pictures in Motic Images Plus 2.0 software. Additionally, we
compiled data from published literature of three life-history
traits known to be affected by habitat changes: dietary spe-
cialization (pollen-specificity), nest construction behavior
(nest type). and sociality (Table 1). When there was no such
data for one species, we used the life-story traits reported
to the nearest phylogenetic related species (Ramirez et al.
2010; Cameron 2004; Online Resource 2).

We based the choice of morphological traits on evidence
that they directly link organism’s performance with envi-
ronmental conditions or ecosystem processes. For example,
body and wing size are related to flight distance capability
and susceptibility to environmental changes, and variations
on these morphological traits will certainly influence the
amount and composition of resources used by bees (Winfree
et al. 2009; Moretti et al. 2016). ITS is a common body size
measurement obtained in bee studies that is correlated to the
specimen’s body mass and wing muscles (Cane 1987), and
also relates to flight distance capacity and foraging behavior
(Greenleaf et al. 2007; Garibaldi et al. 2011). Finally, eye
morphology may be filtered by environmental conditions

Table 1 Traits of orchid bees used in the analysis

that can reflect prey and/or predator recognition (Morett
et al. 2016).

Habitat characterization

To describe physical habitat conditions within each site,
we established one 55 m plot in each sampling station,
resulting in 150 m? of sampling area for each LR, APP, and
PALM site. This protocol was based on Magalhies et al.
(2014) with some adaptations (Online Resource 3). Within
each plot, we measured 16 habitat characteristics (variables):
(1) number of large trees [Diameter at Breast Height (DBH
onwards) > 15 cm]. (2) small trees (DBH < 15 cm). and per-
cent cover of (3) epiphytes. (4) palm trees, (5) shrubs. (6)
grasses, (7) lianas, (8) and soil plant cover, (9) litter height,
(10) canopy opening, (11) canopy height. (12) number of
clearings, (13) dead trees, (14) fallen trunks, and (15) flow-
ering trees, and (16) temperature.

We measured variables 1=8 by visual estimation and we
assessed the canopy opening using non-hemispherical digi-
tal photos analyzed on Gap Light Analyzer 2.0 (Frazer and
Canham 1999). defined as the average from three randomly
locations in each plot (see details on Online Resource 3). For
variables 12-15, we counted the amount of each variable
inside our 5% 5 plot, and we estimated canopy height based
on the highest tree found in the plots. We assessed the mean
daily temperature of each of our sampling days from the
Agropalma’s Weather Station database. We used the same
mean value of temperature for all sampling stations of the

Trait Type Description

Intertegular span Continuous The distance between the nearest edges of the tegulae, the plates covering the bee's wing bases, in mm.
ITS 15 a proxy for body size and foraging distance in bees

Wing length Continuous Measurement from the beginning of the wing (border of the tegulae) o the distal end, in mm. Only the
left anterior wing was measured

Wing width Continuous Larger wing width, in mm. Only the left anterior wing was measured. Wing size is a functionally essential

trait for flight performance. foraging and dispersal abilities (Wooton 1992)

Interocular distance Continuous

Measure of the distance between the two inner edges of the eye, aligned by the insertion of the antennas,

in mm
Head width Continuous Measure of the distance between the two outer edges of the eye, aligned by the insertion of the antennas,
in mm. Head parameters are proxy to environmental perception and recogmition {Srinivasan ot al. 1991)
Sociality Semi-zocial Social structure. based on the descriptions for each genus of orchid bee (Michener 2007; Zucchi et al.
Solitary 1969)
Pollen-specificity  Oligolectic Trophic specialization defined by the range of pollen species collected by females and males. Oligolectic
Polylectic 15 a pollen specialist species that forages on plants from less than one plant family. Polylectic species
are generalist foragers, collecting pollen from two or more plant families (Ramirez et al. 2002: 20140,
Cameron 2004)
Mest type Excavator Excavators build the nest on stems or twigs in the open or dig the chamber within existing substrate.
Renter Renters construct nests within existing cavities, or tunnels regardless of nest location (under buildings,
Cleptoparasitic  preexisting burrows, termile nests). Cleptoparasitic bees parasitizes the nest or brood of other species
{Michener 2007; Ramirez et al. 2002; Augusto and Gardfalo 2004 Zucchi et al. 1969)
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same sampling site, since samples belonging to the same site
were performed in a single day.

Statistical analysis

To test the hypothesis that LRs harbor the greatest varia-
tion of orchid bee body sizes. we compared differences in
body size of orchid bees among sites using ITS values with
a One-Way ANOVA. Significant ANOVA results were com-
pared with post hoc Tukey tests with a=10.05. We also per-
formed One-Way ANOVA for the other four morphometric
measures (WL, WW, ID and HW) only as a complementary
analysis. In all analyses., we tested the data for the assump-
tions of normality and homoscedasticity.

We evaluated the influence of habitat characteristics of
habitat types on taxonomy and functional parameters of
orchid bee assemblages by applying a partial redundancy
analysis (pRDA), a multivariate technique that allows the
ordination of a dependent matrix data and its association
with explanatory variables, controlling the covariate effects
(Borcard et al. 2011). We tested the influence of environ-
mental characteristics (habitat), distance among sampling
stations (space), and habitat types (system) on the varia-
tion of taxonomic (species matrix with abundance values)
and functional composition (traits) (Fig. 1). We obtained
the community-weighted trait means (CWM onwards) using
all continuous traits for each site (Garnier et al. 2004) as
measures of functional composition, using the function
“functcomp” from the FD package (Laliberté and Legendre
2010; Laliberté et al. 2014). This method consists of a post-
multiplication of species per site values by traits per species
values, resulting in a matrix of mean traits per site weighted
by species abundances (“traits matrix™; Fig. la).

We used three sets of predictors to understand the pat-
terns of taxonomic and functional composition of orchid
bee assemblages: habitat matrix (i), space matrix (ii), and
system matrix (1i1). First, we initially made a previous choice
of habitat variables using three selection criteria: (a) the
parameters that did not vary among sampling stations were
excluded from the analyses once they contributed little to
the characterization of habitat types analyzed, (b) variables
with > 60% of zeros values in the original data. and (c) cor-
related parameters (r Pearson > 0.60). Thus, among the 16
original habitat variables, a set of nine variables followed the
selection criteria that we established (see details on Online
Resource 4). Because temperature is an important predictor
for bees, we choose to maintain this variable. Therefore,
ten predictors of habitat variables remained, constituting the
“habitat matrix” (Fig. 1b).

Second, to spatially represent the sites, we generated con-
tinuous spatial variables from latitude and longitude data of
each sampling station by calculating principal coordinates of
neighbor matrices (PCNM; Borcard and Legendre 2002; Dray

et al. 2006). The resulting axes orders (“space matrix™) were
used to quantify the influence of space on the variation of bee
assemblages (Fig. lc). This spatial predictor is necessary to
understand the fraction of the results that could be explained
only by the spatial distribution among the collection sites. This
is because 1t is expected that nearby sites may have similar
species composition, and when this is not verified the spatial
autocorrelation could bias the hypothesis tests (Dormann et al.
2007).

In order to include habitat as a predictor, we transformed
the vector of habitat types (LRs, APPs. and PALM) into con-
tinuous numerical axes. We created the new numerical vari-
able by applying the “dudi.hillsmith™ function of the ade4
package (Dray and Dufour 2007) on the data of habitat type
per sample (“system matrix™) (Fig. 1d).

Then, we used stepwise regression models to select habitat
parameters (using the habitat matrix) and space (using PCNM
matrix) related to functional and taxonomic composition of
orchid bees to be used in pRDA (Fig. le). In these selection
maodels, we applied the function “adonis™ of the vegan pack-
age, using the matrix of species composition per site and for
traits matrix, the CWM matrix. Finally, we performed two
PRDA analyses. In the first pRDA, we tested the associations
between orchid bee taxonomic composition as a dependent
variable, and the explanatory variables habitat, space. and sys-
tem as the predictor variables. In the second pRDA, we used
orchid bee functional composition (CWNM) as a dependent var-
iable (Fig. 1f) against the same predictor variables used before.
This analysis considers the dependence among all three data-
set, expressing the individual fraction of variation explained by
habitat parameters [a]. spatial distribution [b], habitat type [c].
the interaction between them [d, e, f. g] and the unexplained
variation [h] (Fig. 1g). The percentages of explanation of each
explanatory variable and the interaction between them were
obtained with adjusted-R* values, by applying the “varpart”
function of the vegan package (Oksanen et al. 2017).

FD was calculated in terms of species richness (richness),
functional richness (FRic) and functional dispersion (FDis)
with Gower distance matrices and using the “dbFD™ function
of the FD package (Laliberté and Legendre 2010; Laliberté
etal. 2014). We used all traits as response variables and habitat
type as a potential predictor variable. We performed a One-
Way ANOVA followed by a post hoc Tukey test (if ANOVA
differences among the habitat types showed differences) to
test for differences in richness. FRic. and FDis among habitat
types. We performed all analyses using R 3.4 (R Development
Core Team 2017).
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Fig.1 General summary of the analysis employed in our study. a
Obtaining the community-weighted trait (CWM) using all continu-
ous traits for each site pondered by species abundance: b habitat vari-
ables selection based on three critena, forming the “habitat matrix™;
¢ calculating principal coordinates of neighbor matrices (PCNM)
using spatial variables of each sampling station; d creation of the new
numerical variable using the data of habitat type per sample (“system
matrix”); ¢ stepwise regression models to select habitat and space

Results

In 18 sampling days across both years, we collected a total
of 1176 male euglossine bees from 30 species (Online
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composition (“traits matrix™) of orchid bees: f applying a partial
redundancy analysis (pRIDA) to test the influence of selected habitat
and space variables, and habitat types (“system matrix™) on the vari-
ation of both taxonomic and functional composition: g partition of
the variance of each explanatory variable and the interaction between
them

Resource 5). Eulaema cingulata Fabricius, 1804 and E.
meriana Olivier, 1789 were the most common species both
in APP and PALM sites, representing 51.2% of all bees sam-
pled. In LR, E. meriana and Fuglossa chalvbeata Friese,
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1925 were the most abundant, accounting for 30% of total
bees. Complete species name and total abundance are avail-
able in Online Resource 5.

Orchid bee body size varied among habitat types
(Fiz_m1=4-u'ﬁ‘?- P=0.019), with males sampled in PALM
being 13.6% bigger than those in LRs (Tukey's HSD,
P=0.037). Individuals from APPs showed a similar pat-
tern in size compared both to LR {Tukey’s HSD, P=0.111)
and PALM (Tukey’s HSD, P=0.797). In PALM, there was
a greater variation in bee body size (Fig. 2a), which can
be verified also when observing the species individually
(Fig. 2b). Also, males from PALM showed heads about
10.2% wider (Fy g4y =4.788, P=0.009; Tukey’s HSD,
P=0.013), and a difference of 8.7% in distance between
eyes when compared to individuals from LR (F 5 jg4,=4.029,
P=0.019; Tukey's HSD. P=0.013) (Online Resource 6).
The comparisons of both wing measures (WL and WW)
between habitats were non-significative (Online Resource 6).

Stepwise regression models selected five habitat param-
eters (large and small trees, shrubs, lianas, and fallen trunks)
and four spatial variables (FCNM 1, PCNM 2, PCNM 3, and
PCNM 13) related to the taxonomic composition of orchid
bee. Additionally, using functional traits as a response vari=
able in stepwise regression models, we found a significant
relationship with two habitat parameters (large trees and
small trees) and three related to space (PCNM 1, PCNM 2
and PCNM 13).

Although we found significant effects, the taxonomic
composition of orchid bees exhibited a weak relationship
with habitat variables (large trees: RZ=0.067, P <0.001;
small trees: R*=0.090. P <0.001; shrubs: R*=0.038,
P=0.016; lianas: R*=0.030, P=0.047; fallen trunks:
R?=0.035, P=0.025) and with spatial parameters (Online
Resource 7). However, when we used orchid bee functional
traits as a response. an intermediate explanatory value was
recorded for large trees (R*=0.186, P=0.001) and small
trees (R2=D.IEE, P <0.001), and one spatial variable
(PCNM 2: R2=0.364, P <0.001) (Online Resource §). The
other variables showed low explanatory power of the vari-
ation in orchid bee traits (PCNM 1: B> =0.088, P=0.003;
PCNM 13: R*=0.115, P=0.001) {Online Resource 8).

The results of pRDA showed that < 15% of the variation
in orchid bee species composition was related to geographic
distance among sampling sites (Fg 4y=3.046: P=0.001),
only 8% of this variation occurred due to habitat structure
variation (Fz.-u=2-u32: FP=0.020), and most of the variation
(about 69%) may be occurring because of unmeasured fac-
tors (residual) (Fig. 3a). Further, there was no effect of habi-
tat types (system) on orchid bee assemblages (F, ,, =0.817:
P =0.564). When we analyzed functional composition as
a response parameter, the three parameters together (habi-
tat, system, and space) explained 34% of the variation in
orchid bee traits, and the space alone responded for only
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Fig.2 One-way ANOVA results of body size companson of orchid
bees by habitat type based on a ITS and b ITS size variation of male
orchid bees by species sampled in the three habitat types (n=196) in
Tailindia mumicipality, State of Pard, Brazil. The center represents
the mean and the bars represent 95% confidence intervals. Habitat
type codes: LR =legal reserves. APP=areas of permanent protec-
ton. PALM=oil palm plantations. Species codes: Ef_aur = Eufrie-
sea auripes, Eg_mix=Euglossa aff. mixta, Eg_ama=E amazonica,
Eg_aug=FE mugaspis, Eg_bid=E_ bidentata, Eg_cha=E chalybe-
ata, Eg_cog=E. cognata, Eg_cra=E. crassipunctata, Eg_jgn=E.
ignita, Eg_imp=E. imperialis, Eg_int=E imtersecta, Eg_lio=F
lioppoda, Eg_mod=E modestior, Eg_vre=E_ orellana, Eg_par=E.
parvula, Eg_tow=E. townsendi, El_bom=Eulaema bombiformis,
El_cin=E. cingulata, El_mer=E. meriana, El_moc=E. mocsaryi,
El_nig=E nigrita, El_pol=E polyzona, El_pse=E prendocingu-
lata. Ex_fro= Exaerete frontalis, Ex_lep=E. lepeletieni. Ex_sma=E.

smaragding

6% of the variation (F; ,,=3.413; P=0.027) (Fig. 3b). The
other parameters evaluated show no effect on bee functional
composition (habitat: F; 45=0.347; P=0.719; system:
F, 45=2.154; P=0.125) (Fig. 3b).

As expected, species richness, functional richness,
and functional dispersion were significantly reduced with
the differentiation of the habitats (ANOVA Richness:
Fyq=10.212, P<0.001; FRic: Fy 4, =4978, P=0.010;
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Fig.3 Venn diagrams representing the partitioning of the variance in
a orchid bee species, and b functional traits of orchid bees between
sampling sites into fractions explained by habitat. spatal. system dif-
ferences, and the interaction between them. R values (in %) obtained
from pRIDA are given for each fraction. NS non-significant values

FDis: F, ;, =11.980, P <0.001) (Fig. 4). In PALM., there was
a mean decrease of 40% of species compared to LR (Tukey’s
HSD. P <0.001). and of about 28% of species from APP
sites (Tukey's HSD, P=0.008) (Fig. 4a). Functional richness
of orchid bees tended to decline noticeably in PALM (LR vs.

Fig.4 Box plots of FD metrics

(a)

of orchid bees across differ-
ent habitat types in Tailindia
municipality, State of Par,

12

&

PALM: Tukey's HSD, P=0.009) (Fig. 4b). Functional dis-
persion, however, were higher in LR compared both to APP
(LR vs. APP: Tukey's HSD, P=0.032) and PALM areas (LR
vs. PALM: Tukey’s HSD, P <0.001) (Fg. 4c).

Discussion

In a previous study of the same sites, species composition
and richness of orchid bees showed variation with habatat
types, with individuals sampled in forest reserves signifi-
cantly different compared to riparian corridors (APPs) and
o1l palm plantations (Brito et al. 2017). In our current study,
we found additional information about orchid bees at indi-
vidual and species level, with the largest orchid bees occur-
ring in PALM sites, and the smallest individuals present
inside LR areas. According to what we expected, the physi-
cal conditions of the different habitat types analyzed influ-
ence species composition, but the same was not true for FD
of orchid bees in our study area. However, among the three
parameters we analyzed (habitat structure. space, and type
of habitat), the explanation of the variation in both species
composition and functional traits was mainly attributed to
the distance between the sampling sites.

In bees, body size affects characteristics associated with
flight ability and the adaptive value of individuals (Cane
1987; Greenleaf et al. 2007), and some data suggest that
environmental factors, such as rainfall variations, climate
changes, and food availability. may influence body size
heterogeneity in orchid bee populations (Peruguetti 2003;
Silva et al. 2009). This is an important attribute because
it determines the way the organisms perceive the environ-
ment, considering different habitats, environmental gradients
or between distinct regions (Mason et al. 2007). Previous
studies have shown that bees respond in different ways to

Brazil. Boxes show medians and
interguartile ranges; whiskers
extend o values within 1.5x the
interguartile range of the upper
and lower quartiles. a Species
richness, b functional richness,
¢ functional dispersion. Sigmfi-
cant differences are indicated ,
by different letters based on
Tukey's HSDY tests. Habirat
type codes: LK legal reserves,
APP arcas of permanent protec- 7
tion, PALM o1l palm plantations =
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habitat and landscape changes, depending on the mean body
size and the proportion of suitable habitat (Steffan-Dewenter
et al. 2002; Silva et al. 2017). For solitary wild bees, for
example, the species’ perception of the landscape structure
is more affected at local or field spatial scale, and this is
related to their dispersal abilities or foraging ranges (Steffan-
Dewenter et al. 2002).

The large-bodied orchid bees, such as Enlaema ( Enlaema)
and Exaerete species, often use large rainforest areas and
are able to fly across deforested areas (Raw 1989; Tonhasca
et al. 2003; Wikelski et al. 2010) and open-water, with a
range flight of about 5-20 km (Janzen 1971; Wikelski et al.
2010; Storck=Tonon and Peres 2017). This could be related
to the capacity to withstand high temperatures that the larger
euglossine bees produce, compared to the small ones (May
and Casey 1983), and because many small-bodied species
are not able to fly over deforested or degraded areas (Milet-
Pinheiro and Schlindwein 20035). Moreover, these restric-
tions on orchid bee movements may depend on the size and
scale of the habitat change or dispersal barrier, but also on
the presence of high-guality habitat for orchid bees in the
landscape, which could favor dispersal of bees and other
pollinators along them (Pokorny et al. 2015).

There is evidence that isolation of Atlantic Forest islands
and a mainland forest in 7=11 km represents a significant
dispersal barrier for Euglossa cordata Linnaeus, 1758, for
example, leading individuals to genetic differentiation (Boff
etal. 2014). Additionally, for Englossa imperialis Cockerell,
1922, it has been shown that male individuals were recap-
tured at a maximum of 810 m far from the released site
(Pokorny et al. 2015; Opedal et al. 2016). In our study. some
small-bodied species occurred in greater number inside the
forests (although they were also recorded in lower abun-
dances the oil palm areas, see Brito et al. 2017), while most
of them were restricted to forested areas (LR and APPs).
reinforcing the fact that some orchid bee species, mainly the
small bodied ones. seem to be more closely bound to forest
habitats (Milet-Pinheiro and Schlindwein 2005).

Differences in species composition, abundances. and rich-
ness of orchid bees may be associated with small changes in
local abiotic factors (e.g., temperature, humidity and rainfall;
Andrade-Silva et al. 2012; Giangarelli et al. 2014), habitat
characteristics. such as forest canopy, density of understory
and sunlight exposition (Viana et al. 2006), but also with
other unmeasured variables, such as the number and dis-
persal of scents used (Nemésio and Silveira 2006), and the
variation on natural fragrance resources (Armbruster 1993).
Our results demonstrate that, despite a great effort and num-
ber of variables measured, the habitat structure alone is not a
good predictor of the taxonomic and functional composition
of orchid bees. On the other hand, the exclusive presence
of some species we collect in preserved areas (see Online
Resource 5). suggests that even homogeneous plantations of

medium-sized trees, such as the oil palm, may act as barriers
for some Euglossini species, at least for the local fauna of
these bees. Other environmental variables—not measured in
our study=—=likely related to observed patterns of orchid bees
that we documented. The challenge in identifying habitat
structure features that relate to orchid bee communities is
partially because these bees are able to fly long-distances
and just how the bees perceive landscape quality and scale
remains under studied.

Previous research conducted in the same study area found
some low-level of spatial correlation (Mantel r values < 15%)
on abundance, richness, and species composition of orchid
bees (Brito et al. 2017). Brosi (2009) showed that both abun-
dance and community similarity of bees were significantly
spatially autocorrelated, in forest fragments situated in a
matrix of primarily cattle pasture. One potential explana-
tion is that that landscape variables, such as size and shape
of forest fragments and connectivity between them. are the
most important in determining at least abundance of orchid
bees (Brosi 2009; Winfree et al. 2007), while richness and
diversity show negative relationship with increasing edge
index (Storck=Tonon et al. 2013). And given the variety of
resources used by all bees during their life cycle (e.g.. pol-
len. nectar, and nest-construction materials) found in differ-
ent habitats (Miiller et al. 2006b), habitat structure may not
have altered bee communities because adjacent and nearby
forest patches may be able to supplement resources for plan-
tation dwelling bee species (Roberts et al. 2017).

Our findings that land-use change negatively affected
both orchid bee species richness and FD supports the widely
held belief that many bees are significantly impacted by cul-
tivated, human-altered habitats (Livingston et al. 2013; For-
rest et al. 2015). Planting and agricultural land-use provide
changes not only in the species richness and abundance, but
also species and trait compositions of pollinator communi-
ties (Rader et al. 2014). Changes in pollinator communities
occurs because these land uses share some attributes, such
as loss of native plant species and soil compaction, that may
impact distinct functional groups (Forrest et al. 2015). Evi-
dence suggest that in other taxa, areas with intensive agri-
culture leads to a reduced functional-trait diversity (Flynn
et al. 2009; Laliberté et al. 2010). In a study conducted in
the same area of our study, Luiza-Andrade et al. (2017)
demonstrated that both taxonomic and functional richness
of aguatic insect communities (i.e. ephemeropteran, plecop-
teran. and trichopteran) were affected by oil palm plantation,
and the authors emphasize the need of active conservation
measures in order to conserve the diversity of these groups
in streams associated with oil palm plantations. Differences
in heteropteran (Cunha et al. 2015) and bird (Lees et al.
2015; Almeida et al. 2016) communities were also recorded
in 01l palm plantations in eastern Amazonia compared to the
other available land uses.
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In general. species richness as the sole measure of
biodiversity may not be sufficient to describe the species
communities, other parameters that reflect the variation
in species composition are recommended, as we have pre-
sented here (Wilsey 2005). Using species traits is a com-
plementary and refined way of describing biodiversity and
to document at how communities of interacting species
can be affected by land-use change (Cernansky 2017). For
example, Braaker et al. (2017) demonstrated a positive
relationship between species traits and environment vari-
ables. where social bees were positively associated with
green roofs and with flower abundance.

Although we sampled bees using scent traps in a short
period of time. our sampling was sufficient and compara-
ble with other studies, which the expected catch rates is
of < 40 species (Mateus et al. 2015; Storck-Tonon et al.
2009). These rapid. targeted sampling has been demon-
strated to be almost as effective in revealing community
patterns of orchid bees as long-term surveys (Roubik 2004;
Livingston et al. 2013). The use of passive scent traps
remains the standard for landscape-level sampling like
ours, because of the difficult logistics in sampling large
areas at the same time, and because it removes bias inherit
in hand netting {as reported by Ferreira et al. 201 1). None-
theless, additional sampling techniques like hand-netting
may capture additional species not collected with scent
traps (Nemésio and Morato 2004; Nemésio 20012). In our
related work (Brito et al. 2017), we found that the commu-
nity-wide sampling to reveal distinct orchid bee communi-
ties with robust statistical results, and we are confident the
current work reveals true ecological communities.

Ouwr results support the idea of including morphologi-
cal attributes to describe insect communities in ecological
studies. The long-distance flight capacity of the orchid
bees suggests that the large-bodied species could travel far-
ther into oil palm. while smaller bees are more restricted
to forest reserves. Nevertheless, the APPs seem to play
an important role in the maintenance of both taxonomic
and functional composition of orchid bee communities,
since the APPs showed similar patterns to forest reserves
and oil palm plantations. These results suggest that forest
patches and semi-natural habitats connected with the APPs
are being used by the bees as corridors of displacement
between the forest fragments, in a matrix formed by oil
palm. The functional similarity between LRs and APPs
reflects the structural elements common to them, although
relations between the taxonomic and functional composi-
tions have not been verified with the physical structure
of the habitat of the land uses that we evaluated. Future
studies evaluating these gquestions regarding bee species.
habitat structure and dispersal need to be replicated else-
where to check whether our results are also found in other
geographic locations.

&) Springer

Acknowledgements We thank CAPES (Coordenagdo de Aper-
feicoamenta de Pessoal de Nivel Superior) for supporting this research
{Grant FAPAC 007/2014 for the first author). Authors CCP and JLK
were supported by the National Science Foundation (Award Number
124344). We are indebted o Agropalma Group, especially 1. Mar-
tins Ir. and P. Gaia, for facilitating our research. The Programa de Pés
Graduagio em Zoologia at the Universidade Federal do Para and Con-
servation International Brazil helped us support and establish this part-
nership with Agropalma. We also thank J. Gomes and A Monteiro Jr.
for their field assistance. and Dr. F. Rogue (UFMS) and Dr. L. Duarie
(UFRGS) for their contributions in the text. Lastly, we thank the Brazil-
ian Embrapa Amazdnia Oriental and Musen Paraense Emilio Goeldi
agencies for their support in identifying the bee specimens and provid-
ing the consulting reference collection. We are also grateful to CNPqg
(Conselho Nacional de Desenvolvimento Clentifico e Tecnologico) for
zranting a PhD scholarship to LSB (Process 140111/2015-8).

Compliance with ethical standards

Conflict of interest All authors declare that they have no conflict of
interest.

References

Almeida SM, Silva LC, Cardoso MR, Cerqueira PV, Juen L, Dantas-
Santos MP (2016) The effects of oil palm plantations on the
functional diversity of Amazonian birds. J Trop Ecol 32:510-525

Alves SA0, Amaral WAN, Horbach MA. Antiqueira LMOR, Dias
IFS (2013) Indicadores de Sustentabilidade da Agroindistna do
dendé no estado do Pard. Energia na Agricultura 28(4):240-246

Andrade-Silva ACR, Nemésio A, Oliveira FF, Oliveira FS (2012)
Spatial-temporal variation in orchid bee commumties (Hyme-
noptera: Apidae) in remnants of arboreal Caatinga in the Cha-
pada Dizmantina region. state of Bahia, Brazil. Neotrop Entomaol
41:296-305

Armbruster WS (1993) Within-habitat heterogeneity in baiting sam-
ples of male euglossine bees: possible causes and implications.
Biotropica 25(2):122-128

Augusto SC. Gardfalo CA (2004) Nesting biology and social structure
of Euglossa { Englossa) townsendi Cockerell (Hymenoptera, Api-
dae, Euglossini). Insect Soc 51:400-409

Benjamin FE. Reilly TR, Winfree R (2014) Pollinator body size medi-
ates the scale at which land use drives crop pollination services.
I Appl Ecol 51:440-449

Bicalho T, Bessou V. Pacca $A (2016) Land use change within EU sus-
tainability criteria for biofuels: The case of oil palm expansion in
the Brazilian Amarzon. Renew Energy 89588597

Boff 8, Som A, Paxton RJ, Alves-dos-Santos 1 (2014) Island isolation
reduces genetic diversity and connectivity but does not signifi-
cantly elevate diploid male production in a neotropical orchid
bee. Conserv Genet 15(5):1123-1135

Borcard D, Legendre P (2002) All-scale spatial analysis of ecological
data by means of principal coordinates of neighbor matrices.
Ecol Model 153:51-68

Borcard D, Gillet F, Legendre P (201 1) Numerical ecology with B, use
R. Springer, New York

Brasker 8, Obrist MK, Ghazoul J, Moretti M (2017) Habital connectiv-
ity and local conditions shape taxonomic and functional diversity
of arthropods on green roofs. 1 Amm Ecol 86(3):521-531

Brasil. Decreto n® 7.172, de 7 de maio de 2010 (2010) Diario Oficial
da Repiblica Federativa do Brasil, Poder Legislauvo, Brasilia

Brasil. Lei n® 12,651 de 15 de Maio de 2012 {2012) Didrio Oficial
da Repiblica Federativa do Brasil, Poder Legislativo, Brasilia_

45



Journal of Insect Conservation

Brita TF, Phifer CC, Knowlton JL, Fiser CM, Becker NM, Barros
FC. Contrera FAL, Manés MM, Juen L. Montag LFA, Web-
ster CR. Flaspohler DI, Santos MPD, Silva DP (2017} For-
est reserves and riparian corridors help maintain orchid bee
(Hymenoptera: Euglossini) communities in oil palm planta-
tions in Brazl. Apidologie 48(5):575-587

Brosi BY (2009) The effects of forest fragmentation on euglossine
bee communities (Hymenoptera: Apidae: Euglossini). Biol
Conserv 142:414423

Brosi BJ, Daily GC. Shih TM., Oviedo F, Durdn G (2008) The effects
of forest fragmentation on bee communities in tropical coun-
tryside. ] Appl Ecol 45(3):773-783

Burkle LA, Marlin JC, Knight TM (2013) Plant-pollinator interac-
tions over 120 years: loss of species. co-occurrence, and func-
tion. Science 339:1611-1615

Cameron 5A (2004) Phylogeny and biology of neotropical orchid
bees (Euglossini). Ann Rev Entomol 49377404

Campbell Al, Carvalheiro LG, Maués MM, Jaffe . Giannim TC.
Freitas MAB, Coelho BWT. Menezes C (2018) Anthropogenic
disturbance of tropical forests threatens pollination services to
agai palm in the Amazon river delta. I Appl Ecol. hitps:/fdoi.
orgf10.111171365-2664.1 3086

Cane JH (1987) Estimation of bee sire using intertegular span
(Apoidea). 1 Kans Entomol Soc 60:145-147

Carvalho §, Roat T, Pereira AM, Silva-Zacarin E, Nocelli R, Car-
valho C, Malaspina O {2011) Losses of Brarilian bees: an
overview of factors that may affect these pollinators. In: 11th
international symposium of the ICP-BR Bee Protection Group.
Wageningen, 2—4 November 2011, pp 159-166

Castilla AR, Pope NS, O"Connell M. Rodriguer MF. Trevido L.
Santos A, Jha 5 (2016) Adding landscape genetics and indi-
vidual traits o the ecosystem function paradigm reveals
the importance of species functional breadth. PNAS
114(48):12761-12766

Cavalcante MC, Oliveira F, Mawés MM, Freitas BM (2012) Pol-
lination requirements and the foraging behavior of poten-
tial pollinators of cultivated Brazil nut (Bertholletia excelsa
Bonpl.) trees in Central Amaron Rainforest. Psyche. https:/
dot.org/ 101 1552012978019

Cernansky R (2017) The biodiversity revolution. Nature 546:22-24

Correa F3. Juen L, Rodrigues LC, Silva-Filho HF, Santos-Costa MC
(2015) Effects of o1l palm plantations on anuran diversity in
the Eastern Amazon. Anim Biol 65:321-335

Cunha EJ. Montag LFA, Juen L (2015) il palm crops effects on
environmental integrity of Amazonian streams and Heterop-
teran (Hemiptera) species diversity. Ecol Indic 52:422-429

De Palma A, Kohlmann M. Robents SPM., Pouts SG, Borger L. Hud-
son LM, Lysenko I. Newbold T. Purvis A (2015) Ecological
traits affect the sensitivity of bees to land-use pressures in
European agricultural landscapes. 1 Appl Ecol 52:1567-1577

Dormann CF, McPherson JM. Aradjo MB, Bivand R, Bolliger 1.
Carl G, Davies RG, Hirzel A, Jetz W, Kissling WD, Kiihn
I. Ohlemiiller B, Peres-Neto PR, Reincking B, Schrivder B,
Schurr FM., Wilson B (2007) Methods to account for spatial
autocorrelation in the analysis of species distributional data: a
review. Ecography 30(5):609-628

Dray 5, Dufour AB (2007) The ade4 package: implementing the
duality diagram for ecologists. J Stat Softw 22(4):1-20

Dray 5. Legendre P, Peres-Neto PR (2006) Spatial modelling: a
comprehensive framework for principal coordinate analysis
of neighbour matrices (FCNM). Ecol Model 196:483-493

Diressler RL (1982a) Biology of the orchid bees (Euglossini). Annu
Rev Ecol Evol Syst 13:373-394

Dressler RL (1982b) New species of Euglossa (Hymenoptera: Api-
dae). Rev Biol Trop 30:121-150

Embrapa (2010) Zoneamento agroecolégice, produgio ¢ manejo da
cultura de palma de dleo na Amazdnia. Embrapa Solos. Rio de
Janeiro

Ferreira MG, de Pinho OC, Balestieri JBP, Faccenda O (201 1) Fauna
and stratification of male Orchid Bees (Hymenoptera: Apidae)
and their preference for odor baits in a Forest Fragment. Neotrop
Entomol 40(6):639-646

Flynn DFB, Gogol-Prokurat M, Nogeire T, Molinari N, Richers TB,
Lin BB, Simpson N, Mayfield MM, DeClerck F (2009) Loss of
functional diversity under land-use intensification across multiple
taxa. Ecol Lett 12(1):22-33

Forrest JRK, Thorp BW, Kremen C, Willhams NM (2015) Contrasting
patterns in species and functional-trait diversity of bees in an
agricultural landscape. I Appl Ecol 52:Tb-T15

Frazer GW, Canham CD (1999) Gap light analyzer. Simon Fraser Uni-
versity, Burnaby, British Columbia, Canada. Institute of Ecosys-
tem Studies, Millbrook

Ganbaldi LA, Steffan-Dewenter [, Kremen C, Morales 1M, Bommarco
R, Cunningham SA, Carvalheiro LG, Chacoff NP, Dudenhiffer
JH. Greenleaf 88, Holeschuh A, [sascs R, Krewenka K. Man-
delik Y, Mayficld MM, Morandin LA, Potts G, Ricketts TH.
Szentgyirgyi H, Viana BF, Westphal C, Winfree R. Klein AM
(201 1) Swbility of pollination services decreases with 1sola-
tion from natural areas despite honey bee visits. Ecol Lett
14(10):1062-1072

Garnier E, Cortez J, Billés G, Navas ML, Roumet C, Debussche
M., Lavrent G, Blanchard A, Aubry D, Bellmann A, Neill C,
Toussaint J-P (2004) Plant functional markers capture eco-
system properties during secondary succession. Ecology
B5(9):2630-263T

Giangarelli DC. Aguiar WM, Sofia SH (2014) Orchid bee (Hymenop-
tera: Apidac: Euglossin) assemblages from three different threat-
ened phytophysiognomies of the subtropical Brazilian Atlantic
Forest. Apidologie 46(1):71-83

Greenleaf 88, Williams NM, Winfree B, Kremen C (2007) Bee for-
aging ranges and their relationship to body size. Oecologia
153(3):589-596

Hallmann CA, Sorg M, Jongejans E, Siepel H. Hofland N, Schwan H,
Stenmans W, Miiller A, Sumser H, Hiérren T, Goulson D, De
Kroon H (2017 More than 75 percent decline over 27 years in
total flying insect biomass in protected areas. PLoS ONE. htips
Mdoi.org/10.137 lfjournal pone 0185809

Janzen DH (1971} Euglossine bees as long-distance pollinators. Sci-
ence 171:203-205

Karp DS, Rominger Al, Zook J, Ranganathan J, Ehrlich PR, Daily GC
(2012) Imensive agriculture erodes beta-diversity at large scales.
Ecol Lent 15:963-970

Kassen R (2002) The experimental evolution of specialists, generalists,
und the maintenance of diversity. J Evol Biol 15:173-190

Klein AM, Vaissiére BE. Cane JH, Steffan-Dewenter I, Cunningham
SA. Kremen C, Tscharntke T (2007) Importance of pollinators
in changing landscapes for world crops. Proc R Soc Lond B Biol
Sci1 274:303-313

Kremen C, Williams NM, Aizen MA_ Gemmill-Herren B, LeBuhn G,
Minckley R, Packer L, Potts 5G, Roulston T, Steffan-Dewenter
I. Varquez DP, Winfree R, Adams L. Crone EE, Greenleaf 58,
Keitt TH, Klein A-M, Regetz J, Ricketts TH (2007) Pollination
und other ecosystem services produced by mobile organisms: a
conceptual framework for the effects of land-use change. Ecol
Len 10:299-314

Laliberté E. Legendre P (2010) A distance-based framework for
measuring functional diversity from multiple traits. Ecology
91:299-305

Lalibenié E, Wells JA, DeClerck F. Metcalfe DI, Canerall CP, Quei-
oz C, Aubin [, Bonser SP, Ding Y. Fraterngo JM, McNamara
5. Morgan IW, Merlos DS, Vesk PA, Mayfield MM (2010)

) Springer

46



Joumal of Insect Conservation

Land-use intensification reduces functional redundancy and
response diversity in plant communities. Ecol Let 13:76-86

Laliberté E, Legendre P, Shipley B (2004) FD: measuring functional
diversity from multiple traits, and other tools for functional ecol-
ozy. R package version 1:0-12

Lees AC, Moura NG, Almeida AS. Vieira IC {2015) Poor prospects
for Avian biodiversity in Amazonian oil palm. PLoS ONE. https
Mdoi.orgf 10,137 Wjournal pone 0122432

Livingston G, Philpont M, de la Mora Rodriguez A (2012) Do species
sorting and mass effects drive assembly in tropical agroecologi-
cal landscape mosaics? Biotropica 45(1):10-17

Livingston G, Tha S, Vega A, Gilbert L (2013) Conservation value and
permeability of neotropical oil palm landscapes for orchid bees.
PLoS ONE. hups://doi.org/10.137 1 fjournal pone 0078523

Lovejoy TE, Bierregaard Junior RO, Bylands AB, Malcon JR, Quintela
CE. Harper L. Brown Junior K5, Powell AH, Powell GVN, Schu-
bart HOR.. Hays MB (1986) Edge and other effects on isolation
on Amaron forest fragments. In: Soule ME (ed) Conservation
binlogy: the science of scarcity and diversity. Sinauer Press, Mas-
sachusents, pp 257-285

Luiza-Andrade A, Brasil LS, Benone NL, Shimano Y, Farias API,
Montag LFA, Dolédec 5, Juen L (2017) Influence of oil palm
monoculture on the taxonomic and functional composition of
aquatic insect communitics in castern Brazilian Amazonia. Ecol
Indic 82:478—483

Magalhfies JLL, Lopes MA. Queiroz HL (2014) Development of a
Flooded Forest Anthropization Index (FFAI) applied to Amazo-
nian areas under pressure from different human activities. Ecol
Indic 48440447

Margues EM, Rantenn VEL (2012) Determinantes da decisfio de manter
direas protegidas em terras privadas: o caso das reservas legais do
estado de Sio Paulo. Ambient Soc 15:131-145

Mason NWH, Lanoiselee C, Mouillot D, Irz P, Argillier C (2007) Func-
tional characters combined with null models reveal inconsistency
in mechamsms of species turnover in lacustrine fish communi-
tics. Oecologia 153:441-452

Mateus 5, Andrade-Silva ACR, Gardfalo CA (2015) Diversity and
temporal variation in the orchid bee commumnity (Hymenoptera:
Apidae) of a remnant of a Neotropical seasonal semi-deciduous
forest. Sociobiology 62:571-577

May ML, Casey TM (1983) Thermoregulation and heat exchange in
Euglossine bees. Physiol Zool 56:541-551

Mendes TP, Luiza-Andrade A, Cabette HSR, Juen L (2017) How
does environmental variation affect the distribution of dragon-
fly larvae {Odonata) in the Amazon-Cerrado transition zone in
Central Brazil? Neotrop Entomol. https:/fdoi.org/10.1007/s1374
4-017-0506-2

Michener CD {2007) The bees of the world, 2nd edn. The Johns Hop-
kins University Press, Baltimore

Milet-Pinheiro P, Schlindwein C (2005) Do cuglossine males { Apidae,
Euglossini} leave tropical rainforest to collect fragrances in sug-
arcane monocultures? Rev Bras Zool 22{4):853-858

Mitchell MGE, Suarcz-Castro AF, Martincz-Harms M, Maron M,
MeAlpime C, Gaston KJ, Johansen K. Rhodes JR (2015) Refram-
ing landscape fragmentation’s effects on ecosystem services.
Trends Ecol Evol 3064):190-198

Moretti M, Dias ATC, Bello F, Altermatt F, Chown SL, Azcirate FM,
Bell JR, Fournier B, Hedde M, Hortal J, Thanez S, E'ckingcr E,
Sousa IP, Ellers J, Berg MP (2016) Handbook of protocols for
standardized measurement of terrestrial invertebrate functional
traits. Funct Ecol 31(3):558-567

Moure JS (2000) As espécies do género Enlaema Lepeletier. 1841
(Hymenoptera, Apidae, Euglossinae). Acta Biol Parana 29:1-70

Miiller AA, Jinior JF, Filho PC (2006a) A Embrapa Amazonia Ori-
ental & 0 Agronegocio do Dende no Pard. Embrapa Amardnia
Oriental, Belém

@ Springer

Miiller A, Diener 8. Schoyder 5, Stutz K, Sedivy C, Dorn § (2006b)
Quantitative pollen requirements of solitary bees: implications
for bee conservation and the evolution of bee-flower relation-
ships. Biol Conserv [30(4):604-615

Nemésio A (2009) Orchid bees (Hymenoptera: Apidac) of the Brazilian
Atlantic forest. Zootaxa 2041:1-242

Nemésio A (2012) Methodological concerns and challenges in ecologi-
cal studies with orchid bees (Hymenoptera: Apidae: Euglossina).
Biosci 1 28:118-135

Nemésio A, Morato EF (2004) Euglossina (Hymenoplera: Apidae:
Apinip of the Humaita Reserve, Acre state, Brazilian Amazon,
with comments on bait trap efficiency. Rev Tecnol ¢ Ambient
10:7T1-80

Nemésio A, Rasmussen C (201 1) Nomenclatural issues in the orchid
bees (Hymenoptera: Apidae: Euglossina) and an updated cata-
logue. Zootaxa 42:1-42

Nemésio A, Silveira FA (2006) Edge effects on the orchid bee fauna
(Hymenoptera: Apidac) at a large remnant of Atlantic Forest in
southeastern Brazil. Neotrop Entomaol 35:313-323

Nemésio A. Silveira FA (2007) Diversity and distnibution of orchid
bees (Hymenoptera: Apidac) with a revised checklist of species.
Neotrop Entomol 36:874-888

Nemésio A, Vasconcelos HL {2013) Beta diversity of orchid bees in
a tropical biodiversity hotspot. Biodiv Consery 22:1647-1661

Newbold T, Hudson LN, Hill SLL, Contu 8, Lysenko I, Senior RA,
Birger L. Bennewt D), Choimes A, Collen B, Day I, De Palma
A, Diaz 8, Echeverria-Londofio 8, Edgar MJ, Feldman A, Garon
M. Harrison MLK, Alhusseini T, Ingram DJ, ltescu Y, Katige
1. Kemp V, Kirkpatrick L. Kleyer M, Correia DLP, Mantin CD,
Meiri 8, Novosolov M, Pan Y, Phillips HRP. Purves DW, Rob-
inson A, Simpson J, Tuck SL, Weiher E, White HJ, Ewers RM,
Mace GM, Scharlemann JPW, Purvis A (2015) Global effects
of land use on local terrestrial biodiversity. Nature 520:45-50

Oksanen J, Blanchet FG. Friendly M., Kindt R, Legendre P, McGlinn
D. Minchin PR. 0"Hara RB, Simpson GL., Solymos P, Sievens
MHH, Szoecs E, Wagner H (2017) vegan: community ecology
package. R package version 2.4-3. hitps:fCRAN R-projectorg/
package=vegan. Accessed 22 May 2017

Oliveira ML (2006) Trés novas espécies de abelhas da Amardnia pert-
encentes a0 género Eunlaema Lepeletier, 1841 (Hymenoptera:
Apidae: Euglossini). Acta Amazon 36:121-128

Ollerton J, Winfree R, Tarrant § (2011) How many flowering plants
are pollinated by animals? Oikos 120:321-326

Opedal GH. Falahati-Anbaran M. Albertsen E. Armbruster WS, Pérez-
Barrales R, Stenpien HEK, Pélabon C (2016) Euglossine bees
mediate only limited long-distance gene flow in a tropical vine.
Mew Phytol 213:1898-1908

Peruguettn RC {2003) Variagio do tamanho corporal de machos de
Enlaema nigrita Lepeletier (Hymenoptera, Apidae, Eugloss-
ini). Resposta materna a flutnagio de recursos? Bev Bras Zool
20(2):207-212

Pokomy T, Loose D, Dyker G, Quezada-Evan JJG, El T (2015) Dis-
persal ability of male orchid bees and direct evidence for long-
range flights. Apidologie 46(2):224-237

Powell AH, Powell GVN (1987) Population dynamics of male Eugloss-
ine bees in Amaronian forest fragments. Biotropica 19:176-179

B Development Core Team (2017) R: a language and environment for
statistical computing_ B Foundation for Statistical Computing,
Vienna

Rader R, Bartomeus 1. Tylianakis IM, Laliberté E (2014) The winners
and losers of land use intensification: pollinator community dis-
assembly is non-random and alters functional diversity. Divers
Distrib 20(8):906—917

Ramirex 5, Dressler RL. Ospina M (2002) Abejas euglosinas (Hyme-
noptera: Apidac) de la Region Neotropical: Listado de especies
con notas sobre su biologia. Biota Colombiana 3:7-118

47



Joumal of Insect Conservation

Ramirez SR, Roubik DW, Skov C, Pierce NE (2010) Phylogeny.,
diversification patterns and historical biogeography of eugloss-
ine orchid bees (Hymenoptera: Apidae). Biol J Linn Soc
100:552-572

FRaw A (1989) The dispersal of Euglossine bees between isolated
patches of castern Brazilian wet forest (Hymenoptera, Apidac).
Rev Bras Entomol 33:103-107

Roberts HP, King DI. Milam J (2017) Factors affecting bee commu-
nities in forest openings and adjacent mature forest. [For Ecol
Manag 394:111-122

Rocha-Filho LC, Krug C. Silva CI. Gardfalo CA (2012) Floral
resources used by Englossim Bees (Hymenoptera: Apidae) in
coastal ecosystems of the Atlantic Forest. Psyche. hitps:/idod.
orgf10.1155/2012/434951

Roubik DW (2004) Long-term studies of solitary bees: what the orchid
bees are telling us. In: Freitas BM, Pereira JO (eds) Solitary
bees? Conservation, rearing, management for pollination. Imp-
rensa Universitaria, Fortaleza, pp 97-103

Silva F5, Rebélo JMM (2002) Population dynamics of Euglossinae
bees (Hymenoptera, Apidae) in an early second- growth forest
of Cajual Island. in the state of Maranhio, Braznl. Braz J Biol
62(1):15-23

Silva MC, Lombnaco C, Augusto 5C. Kerr WE (2009) Climatic
and anthropic influence on size and fluctuating asymmetry of
Euglossine bees (Hymenoptera, Apidae) in a semideciduous sea-
sonal forest reserve. Genet Mol Res 8(2):730-737

Silva DP, Nogueira DS, De Marco Ir P (2017) Contrasting patterns in
solitary and eusocial bees while responding to landscape fea-
tures in the Brazilian Cerrado: a multiscaled perspective. Neotrop
Entomol 46:264-274

Solar RRC, Barlow J, Ferreim I, Berenguer E, Lees AC, Thomson JR,
Louzada J, Maués M., Moura NG, Oliveira VHF. Chaul JCM.
Schoereder JH. Vieira ICG, Mac Nally R, Gardner TA (2015)
How pervasive is biotic homogenization in human-modified
tropical forest landscapes? Ecol Lett 18:1108-1118

Solar RRC. Barlow I, Andersen AN, Schoereder TH. Berenguer E, Fer-
reira JN, Gardner TA (2016) Biodiversity conseguences of land-
use change and forest disturbance in the Amazon: a multi-scale
assessment using ant communitics. Biol Conserv 197:98-107

Solis-Montero L., Vergara CH. Vallejo-Marin M (2015) High incidence
of pollen theft in natural populations of a buzz-pollinated plant.
Arthropod-Plant Interact 9:599-611

Srinivasan MV, Lehrer M, Kirchner WH. Zhang SW (1991) Range per-
ception through apparent image speed i freely flying honeybees.
Vis Neurosci 6:519-535

Steffan-Dewenter [, Tscharntke T (1999) Effects of habitat isolation
on pollinator communities and seed set. Oecologia 121:432-440

Steffan-Dewenter 1, Miinzenberg U, Birger C, Thies C, Tscharntke
T (2002) Scale-dependent effects of landscape context on three
pollinator guilds. Ecology §3:1421-1432

Storck-Tonon D, Peres CA (2017) Forest patch 1solation drives local
extinctions of Amazonian orchid bees in a 26 years old archi-
pelago. Biol Conserv 214:270-277

Storck-Tonon [, Morato EF, Oliveira ML (2009) Fauna de Euglossina
({Hymenoptera: Apidae) na Amazdonia Sul-Ocidental. Acre Brasil
Acta Amazon 39(3):693-T06

Storck-Tonon D, Morato EF, Melo AWF, Oliveira ML (2013) Orchid
bees of forest fragments in Southwestern Amazonia. Biota Neo-
trop 13:133-141

Tews J, Brose U, Grimm V, Tielbtrger K, Wichmann MC, Schwager
M. Jeltsch F (2004) Animal species diversity driven by habitat
heterogeneity/diversity: the importance of keystone structures. J
Biogeogr 31:79-92

Tilman D, Knops I, Wedin D, Reich P, Ritchie M. Siemann E (1997)
The influence of functional diversity and composition on ecosys-
tem processes. Science 277:1300-1302

Tonhasca A, Albuguerque GS, Blackmer JL (2003) Dispersal of
Euglossine bees between fragments of the Brarihan Atlantic
Forest. J Trop Ecol 19:99-102

Wellend M, Verheyen K. Flinn KM, Jacquemyn H. Kolb A, Van Calster
H. Peterken G, Grase Bl Bellemare J, Honnay O, Brunet J, Wulf
M, Gerhardt F, Hermy M (2007) Homogenization of forest plant
communities and weakening of species-environment relation-
ships via agricultural land use. J Ecol 95(3):.565-5T3

Viana BF, Melo AMC, Drumond PD (2006) Variacio na estrutura do
habitat afetando a composigio de abelhas ¢ vespas solitinas em
remancscentes florestais urbanos de Mata Atlantica no Nordeste
do Brasil. Sitientibus Série Ciéncias Biologicas 6(4):282-295

Whitchorn PR, O'Connor §, Wackers FL., Goulson D (2012) Neoni-
cotinoid pesticide reduces bumble bee colony growth and queen
production. Science 336:351-352

Wikelski M, Moxley J. Eaton-Mordas A, Lopez-Uribe MM, Holland
R. Moskowitz D, Roubik DW, Kays R (2010) Large-range move-
ments of Neotropical orchid bees observed via radio telemetry.
PLo0S ONE. hups:ffdoi.orgf 10,137 1/journal pone. 0010738

Willlams NM. Crone EE. Roulston TH. Minckley RL. Packer L.
Potts 5G (2010) Ecological and life-history traits predict bee
species responses to environmental disturbances. Biol Conserv
143:2280-2291

Wilsey BJ (2005) Relationships among indices suggest that richness
is an incomplete surrogate for grassland biodiversity. Ecology
BH:1178-1184

Winfree R, Griswold T, Kremen C (2007) Effect of human distur-
bance on bee communities in a forested ecosystem. Conserv Biol
21:213-223

Winfree R, Aguilar R, Vizquez DP, Lebuhn G, Aizen MA (2009) A
meta-analysis of bees' responses to anthropogenic disturbance.
Ecology 90(8):2068-2076

Winfree R, Bartomeus I, Cariveau DP (201 1) Native pollinators in
anthropogenic habitats. Annu Rev Ecol Evol Syst: 42:1-22

Wooton RJ (1992) Functional morphology of insect wings. Annu Rev
Entomol 37:113-140

Zucchi R, Sakagami SF, de Camargo JMF (1969) Biological observa-
tions on a neotropical parasocial bee, Enlgema nigrita. with a
review on the biology of Euglossinae (Hymenoptera, Apidae).
A comparative study. ] Fac Sci Hokkaido Univ Ser V1 Zool
17:271-380

) Springer

48



Online Resource 1 Morphological traits measured in orchid bee species sampled in this study

Intertegular span (ITS)
Wing length (WL)

Wing width (WWwW)
Interocular distance (ID)
Head width (HW)
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Online Resource 2 Mean size of morphological traits (in mm) and life-history traits of each orchis bee species collected in legal reserves, permanent protection areas and oil palm

plantations, in Agropalma Industrial Complex, municipality of Tailandia, state of Para, Brazil. In this table are included the references of previous works used to classify the orchid

bee species into two categories of social behavior (solitary or semi social), two categories of dietary specialization (oligoletic or polyletic), and three categories of nest construction

behavior (renter, excavator or cleptoparasitic). Traits codes: ITS = intertegular span, WL = wing length, WW = wing width, ID = interocular distance, HW = head width

: - pollen
Species ITS WL WWwW ID HW sociality specifity nest type Reference
Pollen-specifity: Ramirez et al. 2002 (based on phylogeny
Ef. auripes 5933 15900 5.303 3.720 6.887 solitary polyletic renter Cameron et al. 2004). Sociality and Nest type: Michener 2007,
Zucchi et al. 1969.
Pollen-specifity: Mori and Boeke 1987; Dressler (obs. pers.) (In
Eg. aff. mixta 3.504 8.095 2365 2.526 4.498 semi social polyletic excavator Ramirez et al. 2002). Sociality and Nest type: Michener 2007,
Zucchi et al. 1969.
Pollen-specifity: Ramirez et al. 2002 (based on phylogeny
Eg. amazonica 3251 8.136 2.408 2.358 4.420  semi social polyletic excavator Ramirez et al. 2010). Sociality and Nest type: Michener 2007,
Zucchi et al. 1969.
Pollen-specifity: Ramirez et al. 2002 (based on phylogeny
Eg. bidentata 3363 8.756 2.692 2.544 4.543 semi social polyletic excavator Ramirez et al. 2010). Sociality and Nest type: Michener 2007;
Zucchi et al. 1969.
Pollen-specifity: Ackerman 1983b, Mori and Boeke 1987 (In
Eg. cognata 3.830 9.800 2.855 2.785 4.985 semi social polyletic excavator Ramirez et al. 2002). Sociality and Nest type: Michener 2007,
Zucchi et al. 1969.
. L . Pollen-specifity: Dressler 1982c (In Ramirez et al. 2002).
Eg. liopoda 3233 8.059 2446 2356 4318 semi social polyletic excavator Sociality and Nest type: Michener 2007; Zucchi et al. 1969.
Eg. modestior 3221 7901 2351 2416 4455 semisocial  polyletic excavator  Lollen-specifity: Dressler 1982¢ (In Ramirez et al. 2002).
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Sociality and Nest type: Michener 2007; Zucchi et al. 1969.



Cont.

Species

ITS

WL

Ww

ID

HW

sociality

pollen
specifity

nest type

Reference

Eg. townsendi

Eg. chalybeata

Eg. ignita

Eg. imperialis

Eg. orellana

Eg. augaspis

Eg. crassipunctata

Eg. parvula

3.090

3.618

3.609

3.840

3.530

2.993

2.847

2.792

7.114

10.168

10.297

10.665

10.343

8.457

6.908

7.116

2.163

3.094

3.113

3.274

3.177

2.467

2.096

2.176

2.257

2.610

2.614

2.741

2.697

2.250

2.025

1.678

4.157

5.085

4.922

5.184

5.072

4.127

3.696

2.954

semi social

semi social

semi social

semi social

semi social

semi social

semi social

semi social

polyletic

oligoletic

polyletic

polyletic

oligoletic

oligoletic

oligoletic

oligoletic
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excavator

excavator

excavator

excavator

excavator

excavator

excavator

excavator

Pollen-specifity: Ackerman 1985, Dressler (obs. pers.) (In
Ramirez et al. 2002). Sociality and Nest type: Michener
2007; Zucchi et al. 1969; Augusto and Garo6falo 2004;
Garofalo et al. 1993.

Pollen-specifity: Mori and Boeke 1987 (In Ramirez et al.
2002). Sociality and Nest type: Michener 2007; Zucchi et
al. 1969.

Pollen-specifity: Ducke 1901, 1902a, 1906 (In Zucchi et
al. 1969); Singer and Sazima 2001, Dodson 1966a,
Dressler 1968b (In Ramirez et al. 2002). Sociality and
Nest type: Roberts and Dodson 1967 (In Ramirez et al
2002); Michener 2007; Zucchi et al. 1969.

Pollen-specifity: Ackerman 1983, 1985, Ackerman et al.
1982, Kymsey 1984, Zimmerman and Madrifian 1988 (In
Ramirez et al. 2002). Sociality and Nest type: Roberts and
Dodson 1967 (In Ramirez et al 2002); Michener 2007;
Zucchi et al. 1969.

Pollen-specifity: based on phylogeny (Ramirez et al.
2010). Sociality and Nest type: Michener 2007; Zucchi et
al. 1969.

Pollen-specifity: Dressler (obs. pers.; In Ramirez et al.
2002). Sociality and Nest type: Michener 2007; Zucchi et
al. 1969.

Pollen-specifity: Dressler (obs. pers.; In Ramirez et al.
2002). Sociality and Nest type: Michener 2007; Zucchi et
al. 1969.

Pollen-specifity: based on phylogeny (Ramirez et al.
2010). Sociality and Nest type: Michener 2007; Zucchi et
al. 1969.



Cont.

Species

ITS

WL

Ww

ID

HW

sociality

pollen
specifity

nest type

Reference

Eg. intersecta

El cingulata

El mocsaryi

EL nigrita

El pseudocingulata

El. bombiformis

4.794

5.753

5.367

5.147

5.555

7.770

12.377

17.355

16.357

16.078

17.003

22.688

3.981

5.586

5.090

5.383

5.534

7.857

3.034

3.342

3.005

3.021

3.228

3.886

5.984

6.504

5.880

5.840

6.401

7.564

semi social

semi social

semi social

semi social

semi social

semi social

polyletic

polyletic

polyletic

polyletic

polyletic

polyletic
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renter

renter

renter

renter

renter

renter

Pollen-specifity: Ducke 1901, 1902a (In Zucchi et al.
1969b); Dodson 1966a (In Ramirez et al. 2002). Sociality
and Nest type: Michener 2007; Zucchi et al. 1969.

Pollen-specifity: Friese 1930 (In Zucchi et al. 1969b);
Dodson 1982, 1966a, Singer and Sazima 2001, Ackerman
1985, Ramirez (obs. pers.), Schemske and Horvitz 1984,
Janzen 1971, Oliveira 2000, Lopes and Machado 1998,
Vogel 1966, Armbruster 1993 (In Ramirez et al. 2002).
Sociality and Nest type: Michener 2007; Zucchi et al.
1969.

Pollen-specifity: Ducke 1901, 1902a (In Zucchi et al.
1969b); Dodson 1966a, Williams and Dodson 1972 (In
Ramirez et al. 2002); Romer and Warford 1995 (In
Oliveira 2000). Sociality and Nest type: Michener 2007;
Zucchi et al. 1969.

Pollen-specifity: Ackerman 1983a, Ackerman et al. 1982,
Oliveira 2000 (In Ramirez et al. 2002); Zucchi et al. 1969.
Sociality and Nest type: Pereira-Martins and Kerr 1991
(In Ramirez et al. 2002); Michener 2007; Zucchi et al.
1969

Pollen-specifity: based on phylogeny (Ramirez et al.
2010). Sociality and Nest type: Michener 2007; Zucchi et
al. 1969.

Pollen-specifity: Dressler 1979b, Mori and Boeke 1979,
Ackerman 1983a (In Ramirez et al. 2002). Sociality and
Nest type: Michener 2007; Zucchi et al. 1969.



Cont.

Species

ITS

WL

Ww

ID

HW

sociality

pollen
specifity

nest type

Reference

El. meriana

ElL polyzona

Ex. frontalis

Ex. lepeletieri

Ex. smaragdina

7.219

5.370

6.010

5.095

4.179

21.876

16.120

23.620

19.905

17.443

7.572

5.723

7.419

6.565

5.927

3.785

2.957

3.418

3.095

2.829

7.031

5.997

6.536

5.760

5.503

semi social

semi social

solitary

solitary

solitary

polyletic

polyletic

polyletic

polyletic

polyletic

renter

renter

cleptoparasitic

cleptoparasitic

cleptoparasitic

Pollen-specifity: Dodson 1966a, Ackerman 1985,
Armbruster 1988, Ackerman et al. 1982, Prance 1976,
Janzen 1971 (In Ramirez et al. 2002); Dodson and
Frymire 1961b, Vogel 1966 (In Zucchi et al. 1969).
Sociality and Nest type: Michener 2007; Zucchi et al.
1969.

Pollen-specifity: Dressler (obs. pers.), Dodson 1966a (In
Ramirez et al. 2002); Ducke 1902b (In Zucchi et al.
1969). Sociality and Nest type: Michener 2007; Zucchi et
al. 1969.

Pollen-specifity: Ackerman 1983, 1985, Ackerman et al.
1982, Kimsey 1979 (In Ramirez et al. 2002). Sociality
and Nest type: Michener 2007; Zucchi et al. 1969.

Pollen-specifity: based on phylogeny (Ramirez et al.
2010). Sociality and Nest type: Michener 2007; Zucchi et
al. 1969.

Pollen-specifity: Dressler (obs. pers.), Ducke 1901,
Dodson 1966a, Ackerman 1985, Kimsey 1979 (In
Ramirez et al. 2002). Sociality and Nest type: Michener
2007; Zucchi et al. 1969.
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Online Resource 3 Habitat and abiotic variables and type of each data (States) evaluated on 5 x 5 m plots (54 plots), in
legal reserves, areas of permanent protection, and oil palm plantations, in Agropalma Industrial Complex, municipality

of Tailandia, state of Para, Brazil

Variable States Definition

large trees Rank! Estimated number of trees with DAP
>15cm.

small trees Rank! Estimated number of trees with DAP
<15cm.

epiphytes Rank! Estimated number of epiphytes.

palm trees Rank' Estimated number of palm trees.

shrubs Rank! Estimated number of shrubs, with up to 3m
in height.

grasses Rank' Estimated number of grasses.

lianas Rank! Estimated number of vines.

soil cover Rank! Visual estimate of vegetation cover/litter.

litter height Continuous Litter height (when present). Average value

of the measurements taken with a ruler, at
three different points in the plot.

canopy opening Percentage Canopy openness, obtained by the average
of three photographs taken in 3 different
points of the plot, at 1.30 m from the
ground. Values in percentage.

canopy height Continuous Estimated value of canopy height, in meters.
dead trees Presence/absence Presence of dead standing trees.

clearings Continuous Number of clearings

fallen trunks Continuous Number of trunks in the ground.

flowering trees Continuous Number of flowering trees.

temperature Continuous Mean daily temperature, in °C.

Rank': value ranges from 0 to 4, where 0 represents absence of the variable evaluated; 1 indicates its presence in <10%
considering all the plot; 2, the variable occurred in 10 to 40%; 3, between 40 to 75%; and 4, it occurred in >75%.
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Online Resource 4 Results of the tree selection criteria of habitat and abiotic variables evaluated on 5 x 5 m plots (54 plots), in legal reserves, areas of permanent protection, and oil
palm plantations, in Agropalma Industrial Complex, municipality of Taildndia, state of Para, Brazil. Asterisks (*) represent significative values of (*) low variation on the original

data (<60), (°) high proportion of zeros values (>60%), and () correlated parameters (Pearson >0.60).

Pearson Correlation®

Habitat Variation® Z(e): robs large  small canopy canopy . dead . palm . soil . fallen flowering

variable ) trees  trees opening  hight clearings trees PP hytes trees shrubs - grasses  liana cover litter trunks trees
large trees 78.70 14.81 X - - - - - - - - - - - - - -
small trees 112.31 44.44 0.53 X - - - - - - - - - - - - -
canopy 98.50 0.00  -0.51 -0.33 X - - - - - - - - - - - -
opening
ﬁi‘i‘gﬁy 48.50*  0.00  0.80* 0.62*  -0.60 X - - - - - - - - - - -
clearings 110.76 50.00 -0.52  -0.39 0.22 -0.42 X - - - - - - - - - -
dead trees 315.99 90.74* 0.08 0.18 -0.14 0.11 -0.18 X - - - - - - - - -
epiphytes 126.27 48.15 0.14  -0.10  -0.19 0.25 0.02 -0.01 X - - - - - - - -
palm trees 56.73* 12.96 -0.30 -0.49 0.23 -0.34 0.27 -0.14 0.39 X - - - - - - -
shrubs 119.15 44.44 0.28 0.47 -0.22 0.34 -0.09 0.15 -0.13 -0.40 X - - - - - -
grasses 182.42 68.52*  -042 -0.32 0.27 -0.37 0.40 -0.11 0.00 0.17 -0.35 X - - - - -
liana 129.74 51.85 0.55 0.58 -0.40 0.49 -0.24 0.03 -0.21 -0.39 031  -0.33 X - - - -
soil cover 69.81 25.93 0.52 0.52 -0.48 0.51 -0.46 0.28 0.02 -0.51  0.19 -0.36 0.59 X - - -
litter 147.74 53.70 0.35 0.39 -0.03 0.24 -0.43 0.19 -0.10 -0.35 0.07 -0.38 046 0.63* X - -
fallen trunks 166.24 59.26 0.32 0.44 -0.17 0.32 -0.18 0.17 -0.12 -0.25 0.15 -024 038 034 043 X -
gggseri“g 379.29  92.59*  0.07  0.03  0.02 0.08 023 009 -009 -0.12 -006 044 0.09 -0.02 0.14 -0.12 X

temperature 1.74* 0.00 -0.35  -0.17 0.17 -0.23 0.40 0.08 -0.10 0.r1 -0.19 0.12 -032 -040 -0.13 0.14 -0.07
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Online Resource 5 Complete species name and total abundance of male orchid bees collected with scent traps at the
Agropalma Industrial Complex study areas in July 2015 and August 2016, municipality of Tailandia, Para State, Brazil.

Forest: Habitat type codes: LR = legal reserves, APP = areas of permanent protection, PALM = oil palm plantations

Species LR APP PALM Total
Eufriesea auripes (Gribodo, 1882) 3 3
Eufriesea ornata Mocsary, 1896 1 1
Euglossa (Euglossa) aff. mixta Friese, 1899 6 2 8
Euglossa (Euglossa) amazonica Dressler, 1982 6 2 8
Euglossa (Euglossa) bidentata Dressler, 1982 15 1 16
Euglossa (Euglossa) cognata Moure, 1970 2 2
Euglossa (Euglossa) gaianii Dressler, 1982 1 1
Euglossa (Euglossa) liopoda Dressler, 1982 1 2 2 5
Euglossa (Euglossa) magnipes Dressler, 1982 1 1
Euglossa (Euglossa) modestior Dressler, 1982 10 11 10 31
Euglossa (Euglossa) sp. 1 1 2
Euglossa (Euglossa) townsendi Cockerell, 1904 4 5

Euglossa (Glossura) chalybeata Friese, 1925 59 17 6 82
Euglossa (Glossura) ignita Smith, 1874 25 59 22 106
Euglossa (Glossura) imperialis Cockerell, 1922 17 1 18
Euglossa (Glossura) orellana Roubik 2004 4 2 6
Euglossa (Glossurella) augaspis Dressler, 1982 29 5 4 38
Euglossa (Glossurella) crassipunctata Moure, 1968 2 1 3
Euglossa (Glossurella) parvula Dressler, 1982 6 1 7
Euglossa (Glossuropoda) intersecta Latreille, 1817 6

Eulaema (Apeulaema) cingulata Fabricius, 1804 33 158 141 332
Eulaema (Apeulaema) mocsaryi Friese, 1899 3 1 6
Eulaema (Apeulaema) nigrita Lepeletier, 1841 2 10 10 22
Eulaema (Apeulaema) pseudocingulata Oliveira, 2006 16 71 46 133
Eulaema (Eulaema) bombiformis Packard, 1869 15 9 4 28
Eulaema (Eulaema) meriana Olivier, 1789 46 130 94 270
Eulaema (Eulaema) polyzona Mocsary, 1897 2 1 3
Exaerete frontalis Guérin, 1844 12 5 17
Exaerete lepeletieri Oliveira & Nemésio, 2003 1 1 2
Exaerete smaragdina Guérin, 1844 6 1 7
Total of individuals 327 501 348 1176
Total of species 28 22 16 30
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Online Resource 6 Mean values of morphological traits used in this study and results of land use comparisons. The
standard error is shown in parentheses. Levene’s test and One-Way ANOVA results of the comparisons of each trait
among habitat types. Significant differences are indicated by different letters based on Tukey’s HSD tests. Habitat type
codes: LR = legal reserves, APP = areas of permanent protection, PALM = oil palm plantations. Traits codes: ITS =

intertegular span, WL = wing length, WW = wing width, ID = interocular distance, HW = head width

Land use Levene One-Way ANOVA

Trait Forest PPA Palm F P-value F P-value
Intertegular span ~ 4.194 (0.138) *®  4.644 (0.188) >¢  4.902 (0.239) ° 1.670  0.191 4.067 0.019
Wing length 12.437 (0.539) 13.948 (0.727)  14.084 (0.826) 0.394 0.675 2.256 0.107
Wing width 3.919 (0.196) 4.527 (0.250) 4.533 (0.300) 0.495 0.610 2.475 0.087
Interocular 2.743 (0.051)*  2.897 (0.070) ¢ 3.007 (0.087)¢  1.596  0.205 4029  0.019
distance
Head width 5.148 (0.110) *®  5.546 (0.149) ¢ 5.736 (0.180) ° 1.267 0.284 4.788 0.009
Amount of
measured 97 60 40
specimens
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Online Resource 7 Results of analysis of variance of stepwise regressions models of habitat and spatial variables with
influence on male orchid bee assemblages collected at the Agropalma Industrial Complex, municipality of Tailandia,

Para State, Brazil

Type of Variable Df Sum of Mean F model R2 Pr (>F)

parameter squares  squares

Habitat large trees 1 0.789 0.789 4.438 0.067 <0.001*
small trees 1 1.061 1.061 5.964 0.090  <0.001*
canopy opening 1 0.268 0.268 1.505 0.023 0.147
clearings 1 0.069 0.069 0.389 0.006 0.940
epiphytes 1 0.166  0.166  0.933 0.014 0.484
shrubs 1 0.445 0.445 2.505 0.038 0.016*
lianas 1 0.353 0.353 1.986 0.030 0.047*
soil cover 1 0.167 0.167 0.937 0.014 0.477
fallen trunks 1 0412 0.412 2.316 0.035 0.025%*
temperature 1 0.306 0.306 1.718 0.026 0.084
Residuals 42 7.469 0.178 0.636
Total 53 11.741 1.000

Spatial PCNMI 1 0.544 0.544 2.983 0.046 0.007*
PCNM2 1 1.789 1.789 9.813 0.152  <0.001%**
PCNM3 1 0.431 0.431 2.366 0.037 0.020*
PCNM4 1 0.362 0.362 1.986 0.031 0.050
PCNMS5 1 0.165 0.164 0.902 0.014 0.503
PCNM6 1 0.167 0.167 0.918 0.014 0.491
PCNM7 1 0.188 0.188 1.031 0.016 0.403
PCNMS 1 0.101 0.101 0.553 0.009 0.828
PCNM9 1 0.149 0.149 0.817 0.013 0.581
PCNMI10 1 0.137 0.137 0.752 0.012 0.642
PCNMI11 1 0.107 0.107 0.585 0.009 0.805
PCNMI12 1 0.083 0.083 0.457 0.007 0.899
PCNM13 1 0.591 0.591 3.241 0.050 0.003*
PCNM14 1 0.328 0.328 1.802 0.028 0.076
PCNM15 1 0.057 0.056 0.310 0.005 0.949
PCNM16 1 0.135 0.135 0.742 0.012 0.652
PCNM17 1 0.025 0.025 0.139 0.002 0.992
PCNM18 1 0.258 0.258 1.414 0.022 0.186
PCNM19 1 0.123 0.123 0.675 0.010 0.714
PCNM20 1 0.063 0.063 0.346 0.005 0.905
PCNM21 1 0.105 0.105 0.579 0.009 0.803
Residuals 32 5.833 0.182 0.497
Total 53 11.741 1.000

*The test was significant (P < 0.05), but with a very low power of explanation (R?< 0.10).
**The test was significant (P < 0.05), with a medium power of explanation (R?> 0.10).
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Online Resource 8 Results of analysis of variance of stepwise regressions models of habitat and spatial variables with
influence on functional traits of male orchid bees collected at the Agropalma Industrial Complex, municipality of

Tailandia, Para State, Brazil

Type of Variable Df Sumoof  Mean F model R2 Pr (>F)

parameter squares  squares

Habitat large trees 1 11.309  11.309 15.952 0.186 0.001**
small trees 1 11.404  11.405 16.087 0.188  <0.001%**
canopy opening 1 2.442 2.442 3.445 0.040 0.073
clearings 1 0.328 0.328 0.462 0.005 0.496
epiphytes 1 0.827  0.827 1.166 0.014 0.286
shrubs 1 1.265 1.265 1.784 0.021 0.193
lianas 1 0.080 0.080 0.113 0.001 0.748
soil cover 1 0.021 0.021 0.029 0.000 0.896
fallen trunks 1 0.008 0.008 0.012 0.000 0.952
temperature 1 2.239 2.239 3.159 0.037 0.081
Residuals 42 29.775 0.709 0.490
Total 53 60.816 1.000

Spatial PCNM1 1 5.366 5.366 10.755 0.088 0.003*
PCNM2 1 22.150  22.150  44.394 0.364  <0.001**
PCNM3 1 1.212 1.212 2.429 0.020 0.131
PCNM4 1 1.885 1.885 3.778 0.031 0.058
PCNM35 1 0.011 0.011 0.021 0.000 0.915
PCNM6 1 0.410 0.410 0.821 0.007 0.371
PCNM7 1 0.401 0.401 0.804 0.007 0.379
PCNMS 1 0.252 0.252 0.505 0.004 0.485
PCNM9 1 0.766 0.766 1.536 0.013 0.225
PCNM10 1 0.196 0.196 0.392 0.003 0.538
PCNM11 1 0.290 0.290 0.581 0.005 0.452
PCNM12 1 0.800 0.800 1.603 0.013 0.221
PCNM13 1 7.018 7.018 14.066 0.115 0.001**
PCNM14 1 0.297 0.297 0.595 0.005 0.444
PCNM15 1 0.269 0.269 0.540 0.004 0.460
PCNM16 1 0.986 0.986 1.977 0.016 0.169
PCNM17 1 0.173 0.173 0.346 0.003 0.552
PCNM18 1 1.956 1.956 3.920 0.032 0.056
PCNM19 1 0.302 0.302 0.606 0.005 0.433
PCNM20 1 0.046 0.046 0.092 0.001 0.729
PCNM21 1 0.066 0.066 0.131 0.001 0.735
Residuals 32 15.966 0.499 0.263
Total 53 60.816 1.000

*The test was significant (P < 0.05), but with a very low power of explanation (R?< 0.10).
**The test was significant (P < 0.05), with a medium power of explanation (R?> 0.10).
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Capitulo 3

Orchid bees (Apidae, Euglossini) from oil palm

plantations in eastern Amazon have larger but not

asymmetrical wings
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Abstract

Phenotypic variation in both morphology and symmetry of individuals may appear as a result of environmental stress
caused by land-use changes. Fluctuating asymmetry (FA), a measure of individual’s body sides, and it is considered as a
useful indicator of environmentally induced stresses because it reflects developmental changes in the symmetry of
specimens in altered habitats. Here, we evaluated FA and wing size variations of two orchid bee species, Euglossa
ignita Smith, 1874 and Eulaema meriana (Olivier, 1789), a small- and a large-bodied species, respectively, comparing
11 wing traits of individuals from legal reserves (LR), areas of permanent protection (APP), and oil palm plantations
(PALM) in Eastern Amazonia. We calculated FA as the absolute difference between 11 wing measurements made in
right and left wings of specimens, and also the wing size of both species. We found no effect of FA between land-use
types in any of the wing traits of orchid bee species considered in the analysis. However, we observed individuals of
both Euglossa. ignita and Eulaema. meriana from PALM areas having larger wings compared to those from LR areas.
Bees from APP areas had intermediary values of what was found in both LR and PALM areas. Our results demonstrate
that at least for the two species analyzed, there seems to be a pressure exerted by land-use change associated with palm
oil cultivation favoring individuals with larger wings, although both species had shown substantial permeability of oil

palm.

Keywords Fluctuating asymmetry, land-use, measurement error, morphological trait, wing size.

63



Introduction

Environmental changes may cause phenotypic changes in organisms, modifying their morphological, physiological, and
behavioral characteristics. Many of these changes can be attributed to the ability of individuals to make changes without
genetic variation, known as “phenotypic plasticity” (Leung et al. 2000; Silva et al. 2009), and it can be considered as an
important tool for adaptation to heterogeneous and unstable environments (Parsons 1990). The way in which the
environment can influence phenotypes is complex, and many traits can be altered by a single environmental factor,
although not all of these changes can be recognized or studied (Agrawal 2005; Agarwala 2007). Consequently, it is
difficult to ascertain whether or not altered phenotypes are beneficial (van Kleunen and Fischer 2005).

Phenotypic variation in morphological traits (e.g., body or wing size) or in the symmetry of the body axes may
result from human-induced environmental stress and habitat loss (Delgado-Acevedo and Restrepo 2008). Consequently,
individuals from populations of altered and impacted habitats could have smaller body sizes, greater body size
variation, and the absence of perfect bilateral symmetry (Del Lama et al. 2002; Sanseverino and Nessimian 2008).
There are at least three kinds of bilateral asymmetry, distinguished by differences in the distribution of left-right values
of a trait among individuals. Directional asymmetry occurs when a trait has a higher value, usually, on one side of the
body (e.g., the human heart in the left side of our thorax). When dealing with antisymmetry, as in the claws of male
lobsters and fiddler crabs, whose individuals in a population are a random mixture of left- and right-handed (Graham et
al. 2010), most individuals in a population are asymmetric, but the side showing greater development is not always the
same for all individuals (Graham et al. 1993; Leary and Allendorf 1989). Finally, fluctuating asymmetry (FA) describes
deviations between values of right and left traits of normally bilaterally symmetrical organisms, and without a trend for
one side to have a higher value than the other side (Leary and Allendorf 1989; De Block et al. 2008).

Both directional and antisymmetry morphologies result from normal development, and only FA has been
considered a useful indicator of environmentally induced stress, since this feature reflects developmental changes in the
individual’s body resulting from altered environments (Leary and Allendorf 1989). It is hypothesized that individuals
sampled in altered areas could have an increase in environmental stressors that are not related to evolutionary processes,
showing a less stable development compared to individuals from conserved areas (Palmer and Strobeck 1986; Leung et
al. 2000; Silva et al. 2009). The relationship between AF and developmental stress could be interpreted as a
compensatory effect when the organism is submitted to a stressor, there is an increase in the amount of energy required
for its development that could reduce the energy necessary for normal growth, reproduction, and developmental
precision maintenance (Koehn and Bayne 1989; Sommer 1996). Thus, FA analyses may offer several advantages as
bioindicators of environmental development stress (Clarke 1993).

For flying organisms, wing shape and size directly influence flight distance and dispersal ability, and it is
expected that symmetric individuals would fly more efficiently and aerodynamically when compared to the asymmetric
ones (De Block et al. 2008). The occurrence of high levels of FA in the wings may be caused by several factors, such as
exposure to sun and rain, lack of food, and high temperatures during developmental stages (Lima et al. 2016; Kanegae
and Lomonaco 2003). Thus, asymmetrical wings may affect the individual’s foraging activities, chances of escaping
predators, and also mating behaviors (Stewart and Vodopich 2013).

Orchid bees (Apidae: Euglossini) are a diverse and charismatic group of bee endemic to the Neotropical
region. These bees are sensitive to the effects of land-use change and environmental disturbances (Nemésio and
Vasconcelos 2013; Brito et al. 2017; Storck-Tonon and Peres 2017), and can be readily sampled with scent traps,
making them a useful model to study the effects of disturbance on FA and other biometric and geomorphic analysis

(Peruquetti 2003; Silva et al. 2009; Pinto et al. 2015). In this group of bees, morphological trait changes have been
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related to seasonality and consequent scarcity of food sources caused by deforestation (Peruquetti 2003), but also to
different habitats and environments (Brito et al. 2018).

In the Brazilian Amazon, the expansion of cultivated areas with the oil palm (Elaeis guineensis Jacq.,
Arecaceae) is one of the main modifying activities of the landscape (Alves et al. 2013). Despite historical links between
deforestation and oil palm worldwide, recent studies show that in the Eastern Amazon about 90% of oil palm areas were
mostly established from converting pastures, and less than 3% were from direct conversion of intact forests (Benami et
al. 2018). In addition to public policies to reduce deforestation, the Brazilian environmental legislation requires the
maintenance of 20-80% of natural areas in all rural properties, including oil palm plantations, in the form of two types
of preserved areas: the Legal Reserves (LR) and Areas of Permanent Protection (APP) (Brasil 2012). The LR
encompasses a percentage of the entire rural property (the value depends on the biome) where native vegetation has to
be maintained, while the APPs preserve both the source and the banks of streams, protecting against erosion, and act as
corridors for the local fauna, connecting forest fragments (Brasil 2012; Silva and Ranieri 2014). The width of the APPs
varies from 30-500m, depending on the width of the watercourse (Brasil 2012).

Even though oil palm and other crops provide some level of permeability for the movement and the occurrence
of organisms (Koh 2008; Livingston et al. 2013; Rosa et al. 2015), these land-uses have remarkable reduced richness,
abundance, and diversity of invertebrate communities (Lucey and Hill 2011; Cunha et al. 2015; Shimano and Juen
2016; Brito et al. 2017), and have a more simplified species composition compared to forest areas (Livingston et al.
2013; Brito et al. 2017; Paiva et al. 2017). Thus, the habitat simplification caused by oil palm planted areas is expected
to increase the stress on the individuals, because these areas are characterized by low habitat complexity and limited
food resources compared with forest environments (Turner et al. 2011).

The orchid bees Fulaema (Eulaema) meriana (Olivier, 1789) and Euglossa (Glossura) ignita Smith, 1874 are
among the most common species for most Brazilian biomes, especially in the Amazon (Storck-Tonon et al. 2009; 2013;
Moure et al. 2012). Despite the extraordinary dispersal ability of the group (Raw 1989; Wikelski et al. 2010, Pokorny et
al. 2015), Eg. ignita individuals seem to be more restricted to forest in some areas (Milet-Pinheiro and Schlindwein
2005), while most Eulaema species can be found in different phytophysiognomies (Costa and Francoy 2017), which
suggests that these species may have different levels of tolerance to environmental modifications or have different
dispersal capabilities.

The relative ease and low costs involved in taking wing size measurements and FA compared to other
biomarkers (e.g. life history, direct fitness markers, or molecular biomarkers), is an advantage of using morphological
traits as an estimator of how changes in environmental or habitat conditions are affecting bee species (Leung et al.
2003). Recently, it has also been shown that FA is a good predictor of environmental stress (Beasley et al. 2013). In this
context, based on the assumption that wing size and symmetry directly influence the dispersion of flying individuals
(De Block et al. 2008), here we hypothesized that orchid bee specimens from oil palm plantations would show both
greater FA and wing sizes compared to individuals from LR areas, while bees from APP sites would show intermediate

levels. This because larger wing sizes would permit great flight distances in the monocultured plantations.

Material and methods

Study sites and sampling methods

We broadly sampled the orchid bee communities in three oil palm plantations (PALM), three legal reserves (LR), and in
three protected areas along river banks (APP), at the Agropalma Industrial Complex (approximately 02°20° and 02°40°S
by 48°30° and 49°0°W), near Tailandia township, eastern Amazonian rainforest (Fig. 1). Sampling took place in the wet

seasons of July 2015 and August 2016.
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We collected male orchid bees with scent traps (2L PET plastic bottles with three openings for the entrance of
bees; Fig. 1b) containing an internal swab cotton, on which we used one of the following scent attractants: vanillin,
benzyl acetate, eucalyptol, eugenol, methyl cinnamate, and methyl salicylate. In each one of our nine sites, we set up six
sampling stations with one set of six scent traps each, 500 m apart, and we sampled one site per day. The distance
between different land-use types was 1-2 km, while the maximum distance was about 20 km. The LRs are natural
unflooded forest fragments, ranging from 5,000 to 17,000 ha (Bolfe and Batistella 2011), while the APP sites are
riparian corridors, mainly composed of secondary forests, at least in our study area (TB personal observation). The
overall sampling methods applied are detailed in Brito et al. (2017).

From the total number of species collected, we selected two species that occurred in high numbers in all of our
sampling sites (see Online Resource 1.). The choice of these species was also based on the large difference in body size
between them, which we believed may be an important factor in the responses of the individuals to the different land-
uses we evaluated. The first, Euglossa ignita (Fig. 2a), is a small-bodied orchid bee species, with total length of about
14.0 mm (Nemésio 2009). The second, Eulaema meriana (Fig. 2b), is much larger, with a body length of approximately
26.0 mm (Nemésio and Rasmussen 2011). Both species are widely distributed from Central América to southeastern
Brazil (Nemésio and Rasmussen 2011; Oliveira 2007).

From the total number of specimens of Eg. ignita and El. meriana collected (106 and 270, respectively, from
both years) in all land-use types, we selected 5 individuals from each species in each one of our nine sampled areas
(excepting for PALM 3, in which we sampled two individuals; see Online Resource 1). In sites with more than five
specimens sampled, we randomly choose only five representative bees. In total, 41 specimens of Eg. ignita and 45 of

El meriana were used in our analyses.

Orchid bees’ wing traits

We removed both fore and hind wings from specimens with tweezers and mounted the wings on microscope slides. The
wings from both left and right slides were photographed with a digital camera with an achromatic objective 0.5X
(diameter 58 mm) and a planapochromatic objective 1.0X (diameter 80 mm) coupled on a stereoscopic microscope
(Leica DFC450). We measured eight wing venules in the fore wings and three in hind wings, following Pinto et al.
(2015), with some adaptations (Fig. 2¢). For each wing, we performed three different measurements, always done by
the same researcher (author TB), but on different days, in order to account for measurement errors (Palmer and
Strobeck 1986; Palmer 1994). The wing veins provide well-defined morphological markings and are commonly used in

morphological analyses (Klingenberg and McIntyre 1998).

Statistical analysis

We followed the same protocol used by Pinto et al. (2015) by calculating fluctuating asymmetry as the absolute
difference between measurements made in the specimen’s right (R) and left (L) wings (Palmer and Strobeck 1986). To
assess the magnitude of the measurement error of each wing trait (ME) in the morphometric traits, we used a factorial
mixed model ANOVA, with “individual” as a random explanatory factor and “side” as a fixed explanatory factor. The
mean squares of the interaction between individual and side (MSidsiee) and the mean square of errors (MSewor) Were
used to estimate FA, excluding ME (see Fig. 2 in Pinto et al. 2015). In this model, if the mean square of errors values
are significantly higher than the mean squares of the interaction, then the variation of measurements between both R and
L wings could not be attributed to the occurrence of FA (Palmer and Strobeck 1986). In this case, only wing traits with

low ME were used in the subsequent analysis.
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To exclude the possibility of the other types of asymmetry, we performed a t test of each measured feature
against zero, and a Kolmogorov-Smirnov test to check for the bimodal distribution in our FA data (Palmer and
Strobeck 1992). As demonstrated in other studies (e.g., Babbitt 2006), the distribution of FA is best described by a
double Pareto-lognormal distribution, and not necessary it is adjust to a Gaussian distribution. We assumed that
measurements with non-normal distributions were useful in the FA analysis, since we observed few categories of FA
(leptokurtic distributions) in many traits, which may reflect false positives (Graham et al. 2003). Finally, we compared
FA levels and the size of each trait of Eg. ignita and El. meriana individuals with a One-Way ANOVA, and evaluated
whether these attributes of specimens sampled in PALM sites were bigger than those from LR sites. Finally, we

performed post hoc Tukey test comparisons on the significant One-Way ANOV A results.

Results

We found that the measurement error was smaller than FA in six traits of Eg. ignita (M1, M3, M4, M5, M9 and M10),
and in nine traits of E/. meriana (M1-M6, M9-M11), compared to the effects of both “individuals” and “side” (Table 1).
According to our ¢ tests of each measured trait against zero, some showed means different than zero on both orchid bee
species (Table 2), indicating a level of antisymmetry. However, we discard antisymmetry as a possible cause of the
observed variations in the morphological characters of the species analyzed because we found leptokurtic curves in the
distributions of measurement data. Additionally, at least five traits of Eg. ignita (excepting M5) and two of El. meriana
showed normal distributions (Table 2).

We found no effect of FA in relation to land-use types (LR, APP, and PALM areas) in any of the wing traits of
either orchid bee species considered in the analysis (Table 3). Nevertheless, we observed that individuals of both Eg.
ignita and El. meriana sampled in PALM plantations were bigger than those sampled from LR, in most of the wing
traits (excepting for M10 of Eg. ignita, and M9 for El. meriana) (Fig. 3). Considering the mean values of all significant
wing trait comparisons, El. meriana males collected in PALM were bigger than those from LR areas from between 1.59
to 5.78%, while in Eg. ignita the difference of M9 of males from PALM to LR was about 30.43% (F2.243 = 6.873; P =
0.001). Conversely, the wing trait M10 of Eg. ignita males was higher in LR and APP samples compared to PALM
(F2,243=10.994; P =0.001).

We also found that individuals from APP sites were similar to those sampled in both LR and PALM when we
analyzed the traits M1 and M2 of El. meriana (Fig. 3). Additionally, on trait M5 of this same species, we found a
gradual increase in wing measurements on the individuals from the LR to PALM, with specimens collected in APPs

showing intermediate values (F267 = 15.003; P <0.001, Fig. 3).

Discussion
In this study, we expected that Eg. ignita and EL meriana specimens sampled in PALM would show higher FA values
in their wings traits compared to individuals sampled in LR, since we hypothesized that the human-modified habitat
(and the consequent reduction in food sources) could act as stress factors to the bees. Contrary to our predictions, we
did not find significant differences in the FA indexes of the individuals between the three land-use types we evaluated
(LR, APP, and PALM). However, our findings indicate that orchid bee males sampled in PALM have larger wing
measurements compared to LR areas, specifically two wing traits of Eg. ignita and six traits of El meriana.
Additionally, individuals of both species sampled in APP sites seem to be a mixture of what is found in LR and PALM
sites.

Although anthropogenic stressors can show more severe effects on FA levels (Parsons 2005), in wild studies

organisms are exposed to different environmental factors, and it is not always easy to detect which stressors different
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measures of FA could be associated with, because of the presence of confounding effects that could potentially mask
the response of FA to stressors (Beasley et al. 2013). Further, normally individual development is buffered against these
"accidents" occurring by homeostatic mechanisms to produce symmetrical individuals (Palmer and Strobeck 1986).
Also, morphological characteristics could react differently to stressing factors caused by land-use changes, by adjusting
developmental instability and providing symmetrical individuals (Markow 1995).

Another factor that may have contributed to the absence of FA levels in our results relates to the flight
distances of orchid bees naturally reaching in their environments. It has been reported that individual bees can fly as far
as 2.5 km over open water (female bees; Janzen 1971), while others are able to travel more than 40 km across even
terrain (Pokorny et al. 2015; Wikelski et al. 2010). In addition, they have specific foraging routes (known as
“traplines”), which enable the bees to cross large arecas composed of a mosaic of landscapes, especially when there are
several small forest fragments severing as effective stepping-stones or corridors for their movement (Moura and
Schlindwein 2009; Rosa et al. 2015). Therefore, the individuals we collected in the three land-use types may not have
developed in their respective sampled areas, but rather in distant locations subjected to distinct environmental
conditions during their development, as has been previously cited by Pinto et al. (2015). Consequently, the bees
collected in our PALM sites, for example, may have been oviposited, may have hatched and developed in forests with
adequate floral resources that were provisioned by their mothers and little environmental stressors that would cause
malformed wings and increases in FA. We suspect that it is important to evaluate the effects of FA on bees from forest
fragments adjacent to other land-use types than ours since our results showed that oil palm plantations may not enough
to cause FA on the orchid bees.

Recent studies carried out on oil palm sites and preserved forest patches have shown that species richness and
abundance of orchid bees declines with increasing distance to forests (Livingston et al. 2013), and that the species
composition of these bees in the oil palm matrix is a smaller subset of that found in the forest, and in a lower abundance
(Brito et al. 2017). Despite this, not all species are affected similarly. Some traits are correlated with vulnerability to
multiple threats and stressors (Williams et al. 2010), and the use of morphological, behavioral and functional traits are
useful attributes in ecological assessments to detect the susceptibility of species to differences in land-use (Rader et al.
2014; de Palma et al. 2015; Brito et al. 2018). These previous results reinforce the sensitivity these bees show to
environmental changes, but also suggest that orchid bees are able to move between forest and oil palm plantations, and
that some species are able to establish populations in landscapes having both kinds of habitats (Livingston et al. 2013).

Size variation in morphological traits of bees (e.g. body size) is usually associated with flight ability and the
adaptive value of individuals (Cane 1987; Greenleaf et al. 2007). In our study, we found significant differences in two
wing size traits of Eg. ignita and in six traits of EI. meriana, comparing individuals sampled in three types of land-uses,
with emphasis mainly on the differences between individuals collected in LR and those collected in PALM sites. Our
results are consistent with a study carried in the Brazilian Cerrado, showing wing size differences between Eulaema
nigrita Lepeletier, 1841 males sampled near intensely-used agricultural and natural areas (Pinto et al. 2015). These
authors suggested that a possible mechanism driving wing size differences was the lack of food resources near
agricultural areas as a consequence of human activities.

For some orchid bees, especially Euglossa species, changes in microhabitat characteristics such as forest
canopy, understory vegetation and high temperatures caused by exposure in open areas appear to be negative predictors
for some species occurrence (Viana et al. 2006). Our results show that, at least for Eg. ignita and El. meriana, there
seems to be pressure exerted by the physical structure of the oil palm plantation favoring individuals with larger wings,
while orchid bees with small wing size traits seems to be more restricted to forest patches. Although both species show

substantial permeability of oil palm, we suspect that in addition to the physical structure, the low availability of food
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resources for the bees in the oil palm plantations may be forcing the development of individuals with larger wings to
allow them a greater flight capability.

Differences in wing traits were also recorded for FEuglossa pleosticta Dressler, 1982 males sampled in
Neotropical savannah (Brazilian cerrado), indicating that seasonal variation is an important predictor for the
development of individuals of this species (Silva et al. 2009). These findings highlight the fact that the increase in food
availability as a consequence of higher rainfall levels may have an important effect on the size of orchid bees (Crozier
and Pamilo 1996; Peruquetti 2003).

Our results presented here indicate that land-use change associated with oil palm plantation have affected the
structure of two orchid bee species’ morphological traits, although the variation in wing size traits we observed occur
during the developmental stages of the individuals, and are not the direct effect of the conditions of sites in which
individuals were captured. The studies of FA on orchid bees in different land-uses or forest cover have not
demonstrated significant effects of environmental stress on individuals' characteristics, and this could be the result of
unmeasured factors, especially when the areas sampled are subject to uncontrolled conditions. Nevertheless, FA
estimates can be a useful technique associated with analysis of multiple traits to identify which types of species are most

vulnerable to land-use change and habitat conversion and loss.

Acknowledgments

We thanks CAPES (Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior) for supporting this
research (grant FAPAC 007/2014), and Agropalma Group for permitting this research on their property. We are grateful
to the Embrapa Amazonia Oriental agency for its laboratory support and bee reference collection access. We also thank

the US National Science Foundation for its support (grant numbers 124344 and DEB—1019928) of this research.

References

Agrawal AA (2005) Future directions in the study of induced plant responses to herbivory. Entomol Exper et Appl 115:
97-105.

Agarwala BK (2007) Phenotypic plasticity in aphids (Homoptera: Insecta): components of variation and causative
factors. Current Science 93(3): 308-313.

Alves SAO, Amaral WAN, Horbach MA, Antiqueira LMOR, Dias IFS (2013) Indicadores de Sustentabilidade da
Agroindustria do dendé€ no estado do Para. Energia na Agricultura 28(4): 240-246.

Babbitt GA (2006) Inbreeding reduces power-law scaling in the distribution of fluctuating asymmetry: an explanation
of the basis of developmental instability. Heredity 97: 258—-268.

Beasley DAE, Bonisoli-Alquati A, Mousseau TA (2013) The use of fluctuating asymmetry as a measure of
environmentally induced developmental instability: A meta-analysis. Ecol Indic 30: 218-226.

Benami E, Curran LM, Cochrane M, Venturieri A, Franco R, Kneipp J, Swartos A (2018) Oil palm land conversion in
Paré, Brazil, from 2006-2014: evaluating the 2010 Brazilian Sustainable Palm Oil Production Program. Environ
Res Lett 13: 034037.

Bolfe EL, Batistella M (2011) Analise floristica e estrutural de sistemas silviagricolas em Tome-Acu, Para. Pesquisa
Agropecuaria Brasileira 46:1139-1147.

Brasil. (2012) Lei n°® 12.651 de 15 de Maio de 2012. Diario Oficial da Republica Federativa do Brasil, Poder
Legislativo, Brasilia, DF. URL: http://www.planalto.gov.br/ccivil 03/ ato2011-2014/2012/1ei/112651.htm.
Accessed 6 June 2018.

69



Brito TF, Contrera FAL, Phifer CC, Knowlton JL, Brasil LS, Maués MM, Silva DP (2018) effects of habitat type
change on taxonomic and functional composition of orchid bees (Apidae: Euglossini) in the Brazilian Amazon. J
Insec Conserv. Doi: 10.1007/s10841-018-0073-9.

Brito TF, Phifer CC, Knowlton JL, Fiser CM, Becker NM, Barros FC, Contrera FAL, Maués MM, Juen L, Montag
LFA, Webster CR, Flaspohler DJ, Santos MPD, Silva DP (2017) Forest reserves and riparian corridors help
maintain orchid bee (Hymenoptera: Euglossini) communities in oil palm plantations in Brazil. Apidologie 48(5):
575-587.

Cane JH (1987) Estimation of bee size using intertegular span (Apoidea). J Kans Entomol Soc 60: 145-147.

Clarke GM (1993) Fluctuating asymmetry of invertebrate populations as a biological indicator of environmental quality.
Environ Pollut 82: 207-211.

Costa CP, Francoy TM (2017) The impact of different phytophysiognomies on the composition of orchid bee
communities (Hymenoptera: Apidae: Euglossini) in the Atlantic Forest in Brazil. Ann Entomol Soc Am 110(3):
255-262.

Crozier RH, Pamilo P (1996). Evolution of social insect colonies: Sex Allocation and Kin Selection. Oxford University
Press, New York, 306 p.

Cunha EJ, Montag LFA, Juen L. (2015) Oil palm crops effects on environmental integrity of Amazonian streams and
Heteropteran (Hemiptera) species diversity. Ecol Indic 52: 422—429.

De Block M, Campero M, Stocks R (2008) Developmental costs of rapid growth in a damselfly. Ecol Entomol 33:313—
318.

De Palma A, Kuhlmann M, Roberts SPM, Potts SG, Borger L, Hudson LN, Lysenko I, Newbold T, Purvis A (2015)
Ecological traits affect the sensitivity of bees to land-use pressures in European agricultural landscapes. J Appl
Ecol 52: 1567-1577.

Del Lama SN, Lopes IF, Del Lama MA (2002) Genetic variability and level of differentiation among Brazilian wood
stork populations. Biochem Genet 40: 87-99.

Delgado-Acevedo A, Restrepo C (2008) The contribution of habitat loss to changes in body size, allometry, and
bilateral asymmetry in two Eleutherodactylus frogs from Puerto Rico. Conserv Biol 22(3): 773-782.

Graham JH, Freeman DC, Emlen JM (1993) Antisymmetry, directional asymmetry, and dynamic morphogenesis.
Genetica 89: 121-137.

Graham JH, Shimizu K, Emlem JM, Freeman DC, Merkel J (2003) Growth models and the expected distribution of
fluctuating asymmetry. Biol J Linn Soc 80(1): 57-65.

Graham JH, Raz S, Hel-Or H, Nevo E (2010) Fluctuating Asymmetry: Methods, Theory, and Applications. Symmetry
2: 466-540.

Greenleaf SS, Williams NM, Winfree R, Kremen C (2007) Bee foraging ranges and their relationship to body size.
Oecologia 153: 589-596.

Janzen DH (1971) Euglossine bees as long-distance pollinators of tropical plants. Science 171: 203-205.

Kanegae AP, Lomoénaco C (2003) Plasticidade morfologica, reprodutiva e assimetria flutuante de Myzus persicae
(Sulzer) (Hemiptera: Aphididae) sob diferentes temperaturas. Neotrop Entomol 32: 37-43.

Klingenberg CK, Mclntyre GS (1998) Geometric morphometrics of developmental instability: Analyzing patterns of
fluctuating asymmetry with procrustes methods. Evolution 52: 1363-1375.

Koehn RK, Bayne BL (1989) Towards a physiological and genetical understanding of the energetics of the stress
response. Biol J Linn Soc 37: 157-171.

70



Koh LP (2008) Can oil palm plantations be made more hospitable for forest butterflies and birds? J Appl Ecol 45:
1002-1009.

Leary RF, Allendorf FW (1989) Fluctuating Asymmetry as an indicator of stress: implications for Conservation
Biology. Tree 4(7): 214-217.

Leung B, Forbes MR, Houle D (2000) Fluctuating asymmetry as a bioindicator of stress: comparing efficacy involving
multiple traits. Am Nat 155: 101-115.

Leung B, Knopper L, Mineau P (2003) A critical assessment of the utility of fluctuating asymmetry as a biomarker of
anthropogenic stress. In: Polak M (ed) Developmental Instability: Causes and Consequences, Oxford University
Press, New York, pp. 415-426

Lima CBS, Nunes LA, Carvalho CAL, Ribeiro MF, Souza BA, Silva CSB (2016) Morphometric differences and
fluctuating asymmetry in Melipona subnitida Ducke 1910 (Hymenoptera: Apidae) in different types of housing.
Braz J Biol 76(4): 845-850.

Livingston G, Jha S, Vega A, Gilbert L (2013) Conservation value and permeability of neotropical oil palm landscapes
for orchid bees. PLoS One 8, €78523.

Lucey JM, Hill JK (2011) Spillover of insects from Rain Forest into adjacent Oil Palm Plantations. Biotropica 44: 368—
377.

Markow TA (1995) Evolutionary ecology and developmental instability. Ann Rev Entomol 40: 105-120.

Milet-Pinheiro P, Schlindwein C (2005) Do euglossine males (Apidae, Euglossini) leave tropical rainforest to collect
fragrances in sugarcane monocultures? Rev Bras Zool 22(4): 853-858.

Moura DC, Schlindwein C. (2009) Mata ciliar do rio Sdo Francisco como biocorredor para Euglossini (Hymenoptera:
Apidae) de florestas tropicais tmidas. Neotrop Entomol 38(2): 281-284.

Moure JS, Melo GAR, Faria Jr LRR (2012) Euglossini Latreille, 1802. In: Moure JS, Urban D, Melo GAR (eds)
Catalogue of Bees (Hymenoptera, Apoidea) in the Neotropical Region - online version. Available at
http://www.moure.cria.org.br/catalogue.

Nemésio A (2009) Orchid bees (Hymenoptera: Apidae) of the Brazilian Atlantic forest. Zootaxa 2041: 1-242.

Nemésio A, Vasconcelos HL (2013) Beta diversity of orchid bees in a tropical biodiversity hotspot. Biodiv Conserv
22(8): 1647-1661.

Nemésio A, Rasmussen C (2011) Nomenclatural issues in the orchid bees (Hymenoptera: Apidae: Euglossina) and an
updated catalogue. Zootaxa 3006: 1-42.

Oliveira ML (2007) Catalogo comentado das espécies de abelhas do género Eulaema Lepeletier, 1841 (Hymenoptera:
Apidae). Lundiana 8(2):113-136.

Paiva CKS, Faria APJ, Calvdo LB, Juen L (2017) Effect of oil palm on the Plecoptera and Trichoptera (Insecta)
assemblages in streams of eastern Amazon. Environ Monit Assess 189: 393.

Palmer AR (1994) Fluctuating asymmetry analysis: a primer. In: Markow TA (ed) Developmental instability: its origins
and evolutionary implications, Kluwer, Dordrecht, pp. 335-364.

Palmer AR, Strobeck C (1992) Fluctuating asymmetry as a measure of developmental stability: implications of non-
normal distributions and power of statistical tests. In: Zakharov MV, Graham JH Developmental Stability in
Natural Populations, Vol. 191. Acta Zoologica Fennica, Finnish Zoological Publishing Board, Helsinki, pp. 57-72.

Palmer AR, Strobeck C (1986) Fluctuating asymmetry: measurement, analysis and patterns. Ann Rev Ecol Syst
17:391-421.

Parsons PA (1990) Fluctuating asymmetry: an epigenetic measure of stress. Biol Rev 65: 131-145.

71



Parsons PA (2005) Environments and evolution: interactions between stress, resource inadequacy and energetic
efficiency. Biol Rev 80: 589-610.

Peruquetti RC (2003) Variagdo do tamanho corporal de machos de Eulaema nigrita Lepeletier (Hymenoptera, Apidae,
Euglossini). Resposta materna a flutuag@o de recursos? Rev Bras Zool 20(2): 207-212.

Pinto NS, Silva DP, Rodrigues JG, De Marco Jr P (2015) The size but not the symmetry of the wings of Fulaema
nigrita Lepeletier (Apidae: Euglossini) is affected by human-disturbed landscapes in the Brazilian Cerrado
Savanna. Neotrop Entomol 44(5): 439-447.

Pokorny T, Loose D, Dyker G, Quezada-Euan JJG, Eltz T (2015) Dispersal ability of male orchid bees and direct
evidence for long-range flights. Apidologie 46: 224-237.

Rader R, Bartomeus I, Tylianakis JM, Laliberté E (2014) The winners and losers of land use intensification: pollinator
community disassembly is non-random and alters functional diversity. Divers Distrib 20(8): 908-917.

Raw A (1989) The dispersal of Euglossine bees between isolated patches of eastern Brazilian wet forest (Hymenoptera,
Apidae). Rev Bras Entomol 33: 103—107.

Rosa JF, Ramalho M, Monteiro D, Silva MD (2015) Permeability of matrices of agricultural crops to Euglossina bees
(Hymenoptera, Apidae) in the Atlantic rain Forest. Apidologie 46: 691-702.

Sanseverino AM, Nessimian JL (2008) Larvas de Chironomidae (Insecta: Diptera) em depositos de folhigo submerso
em um riacho de primeira ordem da Mata Atlantica (Rio de Janeiro, Brasil). Rev Bras Entomol 52: 95-104.

Shimano Y, Juen L (2016) How oil palm cultivation is affecting mayfly assemblages in Amazon streams. Ann Limnol -
Int J Lim 52: 35-45.

Silva JS, Ranieri VEL (2014) The legal reserve areas compensation mechanism and its economic and environmental
implications. Ambiente & Sociedade 17(1): 115-132

Silva MC, Lomonaco C, Augusto SC, Kerr WE (2009) Climatic and anthropic influence on size and fluctuating
asymmetry of Euglossine bees (Hymenoptera, Apidae) in a semideciduous seasonal forest reserve. Genet Mol Res
8(2): 730-737.

Sommer C (1996) Ecotoxicology and developmental stability as an in-situ monitor of adaptation. Ambio 25(5): 374—
376.

Stewart SS, Vodopich DS (2013) Variation in fluctuating asymmetry among nine damselfly species. Int J Odonatol 16:
67-717.

Storck-Tonon D, Peres CA (2017) Forest patch isolation drives local extinctions of Amazonian orchid bees in a 26
years old archipelago. Biol Conserv 214: 270-277.

Storck-Tonon D, Morato EF, Melo AWF, Oliveira ML (2013) Orchid bees of forest fragments in Southwestern
Amazonia. Biota Neotrop 13(1): 133-141.

Storck-Tonon D, Morato EF, Oliveira ML (2009) Fauna de Euglossina (Hymenoptera: Apidae) na Amazodnia Sul-
Ocidental, Acre, Brasil. Acta Amaz 39(3): 693-706.

Turner EC, Snaddon JL, Ewers RM, Fayle TM, Foster WA (2011) The impact of oil palm expansion on environmental
change: putting conservation research in context. In: Bernardes MAS (ed) Environmental impact of biofuels,
Rijeka, InTech Press, pp. 19-40.

Van Kleunen M, Fischer M (2005) Constraints on the evolution of adaptive phenotypic plasticity in plants. New Phytol
166: 49-60.

Viana BF, Melo AMC, Drumond PD (2006) Variagdo na estrutura do habitat afetando a composi¢do de abelhas e
vespas solitdrias em remanescentes florestais urbanos de Mata Atlantica no Nordeste do Brasil. Sitientibus Sér

Cién Biol 6(4): 282-295.

72



Wikelski M, Moxley J, Eaton-Mordas A, Lopez-Uribe MM, Holland R, Moskowitz D, Roubik DW, Kays R (2010)
Large-range movements of Neotropical orchid bees observed via radio telemetry. PLoS One 5: ¢10738.
Williams NM, Crone EE, Roulston TH, Minckley RL, Packer L, Potts SG (2010) Ecological and life history traits

predict bee species responses to environmental disturbances. Biol Conserv 143(10): 2280-2291.

73



Table 1 Factorial mixed model ANOVA (sides as a fixed factor and individuals as a random factor) results with mean
squares of individuals (MSing), side (MSsiqe), interaction (MSing#siae), and error estimate (MSerror) Of the measurements in
both left and right wings of two orchid bee species sampled in different land-use types at Agropalma Industrial
Complex, state of Para, Brazil (* p <0.05)

ANOVA
Specie Wing trait

MSing MS;iqe MSing*siee ~ MSerror
M1 0.0376 0.0177* 0.0032 0.0027
M2 0.0446* 0.0269 0.0093 0.0093
M3 0.0046* 0.0002 0.0014 0.0012
M4 0.0184 0.0107* 0.0014* 0.0006
M5 0.0117* 0.0278* 0.0053 0.0046
Eg.ignita M6 0.0866* 0.0254 0.0145 0.0554
M7 0.0875* 0.0000 0.0011 0.0420
M8 0.0679* 0.0415 0.0079 0.0316
M9 0.0529 0.0876* 0.0180%* 0.0020
M10 0.0184 0.0001 0.0019* 0.0004
Ml11 0.0562* 0.0025 0.0117 0.0129
Ml 0.3091 0.0013 0.1716* 0.0357
M2 0.2097 0.2655* 0.0893* 0.0070
M3 0.0147 0.0052* 0.0070* 0.0003
M4 0.2121 0.0044 0.0755* 0.0015
M5 0.1326 0.1201%* 0.0503* 0.0004
El. meriana M6 0.6561%* 0.1992 0.1903 0.1705
M7 1.0546* 0.0017 0.1307 0.3316
M8 4.0855* 0.3554 0.2951 1.1173
M9 0.1355 0.0023 0.0721%* 0.0015
M10 0.1413 0.0801* 0.0429* 0.0008
Ml1 0.4511* 3.7296* 0.1929* 0.0839

Wing traits highlighted in bold were removed from the analyses because of the high measurement errors between the three different measures (see “Material and methods” for further

explanation).
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Table 2 Normality distribution according to Kolmogorov-Smirnov test, and ¢ tests of a sample against zero of the mean
R-L (right minus left) wing traits of two orchid bee species sampled in different land-use types at Agropalma Industrial
Complex, state of Para, Brazil

Specic VtVir.lg One-sample t test Normality test
rait T P K-Sd P Mean FA

Ml 2.350 0.024 0.083  >0.05 0.0170

M3 0.339 0.736 0.141  >0.05 0.0016

Eg. ignita M4 2.805 0.008 0.086  >0.05 0.0132
M5 -2.288 0.028 0213 <0.05 -0.0213

M9 2.206 0.033 0.109  >0.05 0.0377

M10 -0.260 0.796 0.132  >0.05 -0.0015

Ml 0.088 0.930 0.326 <0.01 0.0045

M2 -1.724 0.092 0.353 <0.01 -0.0627

M3 -0.865 0.392 0.225 <0.05 -0.0088

M4 -0.241 0.810 0.363 <0.01 -0.0081

El meriana M5 -1.545 0.129 0.329 <0.01 -0.0422
M6 -1.023 0.312 0.200 >0.05 -0.0543

M9 0.179 0.859 0.287 <0.01 0.0058

M10 -1.366 0.179 0.294 <0.01 -0.0345

Mil1 4.398 <0.001 0.116 > 0.05 0.2351
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Table 3 One-Way ANOVA results of the fluctuating asymmetry (FA) of wing traits for two orchid bee species sampled
in different land-use types at Agropalma Industrial Complex, state of Para, Brazil. Land-use codes: LR = legal reserves,
APP = areas of permanent protection, PALM = oil palm plantations

Specic \iVir.lg Mean FA One-Way ANOVA
rait LR APP PALM d.f. F P

M1 0.026 0.016 0.007 38 0.5903 0.5592

M3 0.004 0.004 -0.004 38 0.6582 0.5236

Eg. ignita M4 0.010 0.018 0.012 38 0.6656 0.5198
M5 -0.023 -0.034 -0.005 38 1.2832 0.2889

M9 0.027 0.061 0.023 38 2.0872 0.1380

M10 -0.012 -0.014 0.027 38 0.4870 0.6182

M1 0.031 0.031 -0.049 42 1.9401 0.1564

M2 -0.037 0.001 -0.153 42 1.8232 0.1741

M3 0.003 0.001 -0.030 42 20222 0.1210

M4 0.029 0.023 -0.077 42 0.9879 0.3808

El meriana M5 -0.018 -0.011 -0.098 42 1.1558 0.3246
M6 0.160 -0.098 -0.225 42 0.3963 0.6753

M9 0.019 0.060 -0.062 42 0.6855 0.5094

MI10 -0.031 -0.018 -0.055 42 1.1533 0.3254

Mil11 0.332 0.384 -0.010 42 0.3109 0.7345
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Figure Captions

Fig. 1 Map of study region and sampling sites (a) at the Agropalma Industrial Complex, in state of Para, Brazil. Image
of a trail on a Legal Reserve with scent traps installed (b), a permanent protection area following a stream (c), and oil

palm plantation (d) (Photos credit: T. Brito)

Fig. 2 Image of individuals of Euglossa ignita (a) and Eulaema meriana (b), and representation of the measured venules
(c) in both fore (M1-M8) and hind (M9-M11) wings of orchid bee males sampled in this study (Photo credits: Public

domain images by Alejandro Santillana, available on insectsunlocked.org).

Fig. 3 One-Way ANOVA results of the mean size of wing traits (in mm) of two orchid bee species sampled in forest
reserves (LR), areas of permanent protection (APP) and oil palm plantations (PALM), in the municipality of Tailandia,
state of Para, Brazil. Significant One-Way ANOVAs are shown with p-values of Tukey test comparisons performed

among land-use type
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Online Resource 1 Abundance of male orchid bee species collected with scent traps at the Agropalma Industrial Complex study areas in July 2015 and August 2016,
municipality of Tailandia, Para State, Brazil. Forest: Land-use codes: LR = legal reserves, APP = areas of permanent protection, PALM = oil palm plantations.

LR APP PALM Total

Species LR1 LR2 LR3 APP1 APP2 APP3 PALM 1 PALM 2 PALM3
Eufriesea auripes (Gribodo, 1882) 3 3
Eufriesea ornata Mocsary, 1896 | 1
Euglossa (Euglossa) aff. mixta Friese, 1899 | | 4 1 1 8
Euglossa (Euglossa) amazonica Dressler, 1982 3 | 2 2 8
Euglossa (Euglossa) bidentata Dressler, 1982 5 4 6 1 16
Euglossa (Euglossa) cognata Moure, 1970 2 2
Euglossa (Euglossa) gaianii Dressler, 1982 1 1
Euglossa (Euglossa) liopoda Dressler, 1982 1 1 1 2 5
Euglossa (Euglossa) magnipes Dressler, 1982 1 1
Euglossa (Euglossa) modestior Dressler, 1982 3 7 6 3 2 4 2 4 31
Euglossa (Euglossa) townsendi Cockerell, 1904 1 1 2 2 3 9
Euglossa (Glossura) chalybeata Friese, 1925 7 8 44 3 8 6 3 3 82
Euglossa (Glossura) ignita Smith, 1874 13 5 7 9 46 4 8 12 2 106
Euglossa (Glossura) imperialis Cockerell, 1922 4 7 6 1 18
Euglossa (Glossura) orellana Roubik 2004 2 2 6
Euglossa (Glossurella) augaspis Dressler, 1982 16 4 9 4 1 1 3 38
Euglossa (Glossurella) crassipunctata Moure, 1968 2 1 3
Euglossa (Glossurella) parvula Dressler, 1982 1 2 3 1 7
Euglossa (Glossuropoda) intersecta Latreille, 1817 1 2 4 1 1 9
Euglossa (Euglossa) sp. 1 1 2
Eulaema (Apeulaema) cingulata Fabricius, 1804 16 7 10 20 110 28 39 73 29 332
Eulaema (Apeulaema) mocsaryi Friese, 1899 1 1 1 2 1 6
Eulaema (Apeulaema) nigrita Lepeletier, 1841 2 3 6 1 2 3 5 22
Eulaema (Apeulaema) pseudocingulata Oliveira, 2006 9 2 5 32 20 19 8 12 26 133
Eulaema (Eulaema) bombiformis Packard, 1869 7 4 4 2 2 5 3 1 28
Eulaema (Eulaema) meriana Olivier, 1789 31 8 7 34 67 29 14 28 52 270
Eulaema (Eulaema) polyzona Mocsary, 1897 2 1 3
Exaerete frontalis Guérin, 1844 2 6 4 2 2 1 17
Exaerete lepeletieri Oliveira & Nemésio, 2003 1 1 2
Exaerete smaragdina Guérin, 1844 4 2 1 7
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CONCLUSOES GERAIS

Mudangas no uso da terra, como a conversao de hébitats naturais ou semi-naturais por
atividades humanas, podem afetar significativamente as comunidades de abelhas. Os Euglossini, ou
abelhas das orquideas, sdo um grupo particularmente importante de abelhas neotropicais, devido sua
contribui¢do como polinizadores de diversas espécies de orquideas, bem como de muitas plantas
nativas. As abelhas desse grupo possuem a capacidade de transpor longas distancias em voo, o que
os torna bons polinizadores especialmente nas florestas tropicais, onde a maioria das espécies
vegetais apresenta distribuicdo espacial aleatéria. Diversos estudos t€ém demonstrado que essas
abelhas sdo suscetiveis as alteracdes ambientais, como a fragmentacdo, isolamento de habitats e
mudangas climdticas, sugerindo que a manuten¢do da diversidade de abelhas das orquideas requer a
preservacao de areas florestais.

Os resultados do presente estudo demonstram que poucas espécies de Euglossini sdo
capazes de suportar as condi¢des ambientais presentes em areas de plantio de palma de 6leo, sendo
encontradas com maior frequéncia nessas areas espécies generalistas e de maior tamanho de corpo,
como as espécies do género Eulaema. Analisando o padrao de tamanho de corpo de cada espécie
nos trés tipos habitat, era esperado que os individuos das espécies de maior tamanho corporal (e que
consequentemente apresentam maior capacidade de voo), também fossem maiores nos plantios do
que aqueles encontrados nas areas de floresta. Contudo, pelo menos para quatro espécies (Eulaema
bombiformis, El. nigrita e El. pseudocingulata e Exaerete frontalis) os maiores valores de tamanho
corporal foram registrados para os individuos coletados no interior das florestas. Uma possivel
explicagdo para esse fato seria que as areas de floresta sdo um hébitat de alta qualidade, fornecendo
recursos alimentares suficientes para os machos de Euglossini. Além disso, apesar de as espécies de
Eulaema apresentarem uma alta capacidade de voo (cerca de 40 km, em Dressler 1982), ¢ notavel
que algumas espécies deste género nao sdo capazes de transpor fragmentos florestais para voar em
areas abertas, e que provavelmente o mesmo ocorra entre individuos da mesma espécie.

A avaliagdo dos caracteres morfologicos dos individuos pode fornecer informagdes valiosas
sobre a intensidade da resposta das espécies frente as alteracdes ambientais. De maneira geral,
embora nao tenham sido evidenciadas varia¢des na simetria dos individuos pertencentes as espécies
Eulaema meriana e Euglossa ignita, as diferencas fenotipicas encontradas principalmente em
termos de tamanho corporal (medida pela distancia intertegular; Capitulo 2) e tamanho de asas
(medida pelo comprimento das vénulas das asas anterior e posterior; Capitulo 3) sugerem uma
selegdo determinada pela estrutura fisica e pela baixa disponibilidade de recursos alimentares para

as abelhas nas plantacdes de palma de dleo, o que pode estar forcando o desenvolvimento de
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individuos com asas maiores para permitir voos mais distantes em areas abertas. A diferenga de
tamanho encontrada entre os machos coletados no plantio comparada com aqueles das areas
florestadas (RLs e APPs) pode ainda, ser o reflexo da maior quantidade de espécies do género
Euglossa nessas areas preservadas, o que acaba diminuindo a média geral do tamanho das abelhas.
Ainda assim, ¢ importante ressaltar que os individuos coletados nos trés diferentes tipos de habitat
podem ndo ter se desenvolvido nessas areas, mas em locais distantes e submetidos a condic¢des
ambientais distintas durante o seu desenvolvimento.

Apesar da reputagao negativa das plantagdes de palma de oleo para a biodiversidade, os
resultados apresentados neste estudo destacam que os plantios em larga escala com a presenca de
areas protegidas nas formas de reservas legais (RL) e areas de preservacdo permanente (APP),
servem ao propodsito que preconiza o Codigo Florestal de proteger as comunidades, a exemplo dos
Euglossini. As APPs se revelaram como eficientes corredores ecoldgicos, abrigando uma riqueza
similar e uma abundancia de abelhas das orquideas superior a encontrada nas RLs, mesmo sendo
formadas basicamente por vegetacdo secundaria na regido do estudo. Adicionalmente, foi possivel
indicar pelo menos cinco espécies com baixa tolerancia aos plantios, das quais quatro (Euglossa
amazonica, Eg. augaspis, Eg. bidentata e Eg. imperialis) estiveram intimamente relacionadas as
RLs, demonstrando que essas espécies podem ser utilizadas como indicadores das florestas
preservadas na Amazdnia.

Considerando a capacidade de voo dos Euglossini, como mencionado acima, é importante
destacar que o delineamento amostral utilizado neste estudo teve algumas limita¢des logisticas, ndo
permitindo uma distribuicdo ideal dos locais de coleta, e esse fato pode ter contribuido para a
presenca de auto correlacdao espacial entre as unidades amostrais, embora relativamente baixa (<
15%). Efeito similar também foi verificado ao analisar a contribui¢do das distancias entre as
unidades amostrais sobre a composi¢do taxondmica e funcional das abelhas das orquideas,
sugerindo que os reais efeitos das mudancas no uso da terra e de caracteristicas do habitat podem ter
sido mascarados ou ndo detectados em funcdao da proximidade entre os locais avaliados. Esses
resultados reforcam a necessidade de abordagens em diferentes escalas, utilizando varidveis ou
conjunto de varidveis que sejam capazes de captar a variacdo de cada ambiente, a fim de serem
relacionadas com métricas morfoldgicas, funcionais e taxondmicas dos organismos, em especial,
dos grupos de abelhas.

Nos estudos sobre a resiliéncia dos ecossistemas as mudan¢as ambientais € 0s servigos
ecossistémicos, tem sido cada vez mais apreciada a inclusdo de analises funcionais dos grupos
bioldgicos, e alguns indices de diversidade funcional sdo capazes de identificar com maior clareza
essas funcdes ambientais. A dispersdao funcional (FDis), por exemplo, apresenta, dentre outras

caracteristicas desejaveis, o fato de considerar a abundancia relativa e de ser pouco influenciada
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pelo numero de espécies, ao contrario da riqueza funcional (FRic). Neste estudo, os indices de
diversidade funcional utilizados foram capazes de detectar os efeitos dos diferentes tipos de habitat
sobre as assembleias de abelhas das orquideas, sugerindo que, aliada a uma reducdo dos atributos
populacionais, nos plantios de palma também sao observadas perdas de funcionalidade das espécies
desse grupo. Além disso, a similaridade funcional encontrada entre as RLs e APPs pode ser o
reflexo de elementos estruturais comuns a essas areas, embora nao tenham sido constatadas relagdes
entre a estrutura fisica do habitat e as composi¢des taxondmica e funcional dos Euglossini. Isso
porque, em estudos realizados no campo, os organismos acabam sendo expostos a diferentes
variaveis ambientais que muitas vezes nao sao mensuradas, ou tem seus efeitos confundidos.

Os resultados apresentados nos trés capitulos dessa pesquisa, sdo consistentes e
complementares em revelar as respostas das abelhas aos diferentes tipos de héabitat. Ao considerar
areas modificadas pela implementagao de monocultura palma de 6leo, € imperativa a manutengao
de areas florestais preservadas ndo somente na forma de grandes fragmentos florestais, sendo os
corredores riparios (APPs) tdo importantes quanto, por serem ambientes adequados para abelhas
dependentes de florestas e intolerantes a locais expostos. Os padrdes aqui encontrados sao
relevantes para as politicas de responsabilidade socioambiental e conservacao da biodiversidade,
considerados elementos chave para a produgdo sustentavel de palma de 6leo na Amazonia, € podem
ser replicados em outros biomas a fim de verificar se os resultados obtidos sdo compativeis ou

ocorrem em diferentes niveis em outras localiza¢des geograficas, e em outros tipos de cultivo.
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ANEXOS

Anexo 1 - Normas da revista Apidologie, na qual foi publicado o Capitulo 1

Apidologie

Instructions for Authors

SCOPE

Apidologie publishes original research articles, reviews and scientific notes on the biology of insects
belonging to the superfamily Apoidea (Michener, 1944), the term “biology” being used in the
broader sense. The main topics include: behavior, ecology, pollination, genetics, physiology,
toxicology and pathology. Systematic research can also be submitted to the extent that it concerns
the Apoidea. Also accepted are research papers, including economic studies, on the rearing,
exploitation and practical use of Apoidea and their products, as far as they make a clear contribution
to the understanding of bee biology. Preference will be given to studies that are hypothesis driven.
Papers which are only of descriptive kind and of local interest are not accepted.

TYPES OF ARTICLES

The journal Apidologie publishes original articles, review articles, scientific notes, proceedings of
scientific meetings and extensive bibliographies in English.

It is the author’s responsibility to ensure that the manuscript is written in appropriate English.

Non English-speaking authors are strongly encouraged to consult a professional proof-reading
service prior to submission. The editorial board maintains the option of returning, before evaluation,
manuscripts which do not meet the instructions and/or acceptable standards of English.

Original and review articles have an abstract in English.

A- Original articles: they should be no longer that ten pages as a rule, i.e. about 30,000 characters
(spaces excluded), including tables and figures (see ‘Manuscript structure’ for more information).

B- Review articles: Their length is limited to about 60,000 characters, spaces excluded. The usual
division into ‘materials and methods, results and discussion’ may be replaced by a more adapted
structure.

C- Proceedings of scientific meetings: Summaries of communications are limited to 1700
characters, spaces excluded. They have no chapters, bibliographic references, tables or
acknowledgements and are published by prior arrangement with the Editorial Board.

D- Scientific notes: Apidologie publishes brief notes to report information and observation for
which replication is not possible or additional data cannot be easily obtained and which have
an exceptional scientific interest. The authors must justify in the cover letter the appropriateness
of presenting their data as a Scientific Note.

The length of such notes will be strictly restricted to 3 pages (i.e about 9,000 characters, spaces
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excluded, if only text and references) and publication will depend on the availability of space in the
journal and general interest to readers of Apidologie. This form is intended to augment scientific
communication and is by no means for articles that are not of sufficient rigor to be published as full
papers. All submissions must include ‘scientific note’ in the title. Only the title is translated in
French and German; there is no summary.

E- Extensive bibliographies: A two-pages synopsis of introduction is published in the printed
version, the bibliography itself being available online only. Before preparation and submission of
such bibliographies, authors are advised to contact the Editorial office. References are published in
HTML format in addition to PDF format.

All manuscripts are examined initially by Apidologie scientific editors for their appropriateness to
the journal. Those which do not match the scope of Apidologie or are of insufficient general interest
are sent promptly to their authors. Other manuscripts are sent to a minimum of two experts chosen
by the handling editor. Reviewers are invited to present their comments and/or suggestions within 4
weeks after getting access to the manuscript.

Reviewers’ comments are sent to the authors without their names to remain anonymous. Final
acceptance is a decision of the handling editor and is based on the reviewers’ reports and the
editorial board advice.

In case of revision, the authors must indicate in which ways the comments and suggestions were
taken into account or why they were not. The corrected version should be returned to the handling
editor within 2 months after the decision has been made. After this delay, it will be considered as a
new manuscript. Depending on the handling editor’s decision, revised manuscripts may be sent out
to reviewers a second time.

Please read these instructions carefully before submitting your manuscript: the Editorial
Board maintains the option of returning to authors, before the reviewing process, any
manuscript not in compliance with these recommendations.

Submission of a paper implies that it reports original unpublished work, that it has not been
accepted and is not under consideration for publication elsewhere. A/l authors must have read and
approved the manuscript.

The accepted language is English. The papers (original and review articles) are published with an
abstract in English.

Authors have to submit their manuscripts online https://www.editorialmanager.com/apid/ .
Electronic submission substantially reduces the editorial processing and reviewing times and
shortens overall publication times. Please follow the hyperlink “Submit online” on the right and
upload all of your manuscript files following the instructions given on the screen.

Authors wishing to include figures, tables, or text passages that have already been published
elsewhere are required to obtain permission from the copyright owner(s) for both the print and
online format and to include evidence that such permission has been granted when submitting their
papers. Any material received without such evidence will be assumed to originate from the authors.
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The manuscript should be submitted in Word (please do not submit docx files) and typed in Times
12 double-spaced with margins of at least 3 cm at the top, bottom and sides for editor’s marking.
Lines and pages should be numbered.

The manuscripts (original articles) should be arranged as follows: title page, authors’ names and
addresses, short title, abstract and keywords, introduction, materials and methods, results,
discussion/conclusion; acknowledgements, references, figures captions, tables, figures.

Tables and figures, with their captions, should not appear in the text, but be placed together in the
end of the text.

1. Introduction

2. Material and Methods
3. Results

4. Discussion/ Conclusion
Acknowledgements

The name of the funding organizations should be written in full.
Please do not use more than three levels of displayed headings.

Title

With no more than 150 characters, spaces excluded (i.e. 3 lines max. on the printed page).

If there are Latin names of plants and animals, please do not mention the name of the author in the
title. (This authority needs to appear only once in the article, with the first mention of the taxon in
the text)

Authors:
First names (in full) and last names of each author.
Address of all authors; detailed address of the corresponding author with his/her mail address.

Short title:
No more than 45 characters, including spaces.

Abstract
It should be no more than 850 characters and should contain no paragraphs, footnotes, references,
cross-references to figures or tables and undefined abbreviations.

Keywords
Up to five keywords should be supplied, separated by slashes, in bold lowercase letters.

Acknowledgements
Acknowledgements of people, grants, funds, etc. should be placed in a separate section. The names
of funding organizations should be written in full.

References

The list of references should only include works that are cited in the text and that have been
published or accepted for publication. An author citing a paper 'in press' should either provide a
DOI or a proof of acceptance to the editors, otherwise it should be cited as 'unpubl. data'.
Unpublished data or personal communication should not appear in the list but should be cited in the
text as “‘unpubl. data’.
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Reference list entries should be alphabetized by the last name of the first author of each work.

In case of a reference with more than 10 authors, list only the first 5 authors and then ‘et al.’

If an author has several publications, the order is as follows: publications of the single author in
chronological order, publications of this senior author with one co-author in chronological order,
publications of this author with more than one co-author in chronological order.

The titles of the journals should be abbreviated, with punctuation marks, according to the ISSN List
of Title Word Abbreviations (see: www.issn.org/2-22661-LTW A-online.php)
The authors’ initials should be punctuated as well.

Examples of the layout and punctuation to be used are given below:

Article of a journal:
Burgett, M., Burikam, 1. (1985) Number of adult honey bees (Hymenoptera: Apidae) occupying a
comb: a standard for estimating colony populations. J. Econ. Entomol. 78 (6), 1154-1156

Article by DOI:
Bevk, D., Kralj J., Cokl, A. (2011) Coumaphos affects food transfer between workers of honeybee
Apis mellifera. Apidologie, DOI:10.1007/s13592-011-0113-x

Book:
Bailey, L., Ball, B. V. (1991) Honey Bee Pathology. Academic Press Ltd., London.

Book Chapter:
Henderson, P. J. F. (1992) Statistical analysis of enzyme kinetic data, in: Eisenthal, R. and Danson,
M. J. (Eds.), Enzyme assays: a practical approach. Oxford University Press, Oxford, pp. 277-316

Electronic material:

Agreste, MAAPRAT (2011) Répartition du Territoire. 2009-2010 semi-définitive [online]
http://www.agreste.agriculture.gouv.fr/thematiques/territoire-environnement (accessed on 05 July
11)

Citation in the text: refer to author(s) and year of publication (Dupont 1956). When there are more
than two authors, give the first author’s name followed by ‘et al.’.

Abbreviations:

The acronyms and scientific abbreviations should be defined at first mention in the text, except for
the common ones (DNA, RFLP, PCR, ANOVA, etc.).

The authors’ initials and the abbreviated titles of the journals should be presented with punctuation
marks in the list of references.

Units

Units should be from the International System of Units (SI) (English version available at:
http://www.bipm.org/en/si/).

For example, hectares and ppm do not belong to the SI and should be changed into m2 and mg/kg or
uL/L, respectively.

On the SI website you also find the official abbreviation of each unit. For example: 1 h =60 min =
3600sand 1d=24h

The official abbreviation of liter is L. We use L to discriminate from 1 (one).
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Time is expressed as follows: 1150 h for 11h50 a.m. and 1715 h for 5h15 p.m.

Latin names

The Latin names as well as the authority must be cited in full at the first mention in the text and
then the genus abbreviated in the following citations. The authority should not appear in the title or
the abstract. Latin genus and species must be italicized.

Varroa
The word should not be used like a common noun (varroa) but be replaced either by the Latin
binomial (V. destructor or V. jacobsoni) or by « mites » when the meaning is unequivocal.

Races of honeybees

The honeybee subspecies should be mentioned in Latin only if morphometric or genetic proof of the
race can be produced. If not, use a circumlocution such as « derived from Carnolian honeybees”.
For the sake of accuracy, the terms European-derived and African-derived should be used for
studies involving honey bees in the New World in which the origins or racial makeup of the study
population needs to be stated.

Geographical coordinates
When the location of the experiment is meaningful, geographic coordinates of the place should be
added.

DNA Sequences

Apidologie requires that sequence data generated and used in studies published in the journal be
submitted to Genbank prior to publication and the Accession numbers then placed in the manuscript
text (or in figures and tables). [http://www.ncbi.nlm.nih.gov/genbank/submit.html]

All tables are to be numbered using Latin numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the table.
Identify any previously published material by giving the original source in the form of a
reference at the end of the table caption.

» Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for
significance values and other statistical data) and included beneath the table body.

For the best quality final product, it is highly recommended that you submit all of your artwork —
photographs, line drawings, etc. — in an electronic format. Your art will then be produced to the
highest standards with the greatest accuracy to detail. The published work will directly reflect the
quality of the artwork provided.

e Supply all figures electronically.

¢ Indicate what graphics program was used to create the artwork.

e For vector graphics, the preferred format is EPS; for halftones, please use TIFF
format. MS Office files are also acceptable.
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e Vector graphics containing fonts must have the fonts embedded in the files.
e Name your figure files with "Fig" and the figure number, e.g., Figl.eps.
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¢ Definition: Black and white graphic with no shading.

¢ Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

¢ All lines should be at least 0.1 mm (0.3 pt) wide.

e Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

e Vector graphics containing fonts must have the fonts embedded in the files.

e Definition: Photographs, drawings, or paintings with fine shading, etc.
¢ If any magnification is used in the photographs, indicate this by using scale bars
within the figures themselves.
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Halftones should have a minimum resolution of 300 dpi.
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Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
Combination artwork should have a minimum resolution of 600 dpi.

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one
another when converted to black and white. A simple way to check this is to make a
xerographic copy to see if the necessary distinctions

between the different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about
2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt
type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue
the consecutive numbering of the main text. Do not number the appendix figures,
"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material)
should, however, be numbered separately.
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Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.
Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide
and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide
and not higher than 198 mm.

If you include figures that have already been published elsewhere, you must obtain permission from
the copyright owner(s) for both the print and online format. Please be aware that some publishers do
not grant electronic rights for free and that Springer will not be able to refund any costs that may
have occurred to receive these permissions. In such cases, material from other sources should be

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article. This feature can add dimension to
the author's article, as certain information cannot be printed or is more convenient in electronic

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name,
author names; affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other
problems during downloading.

Always use MPEG-1 (.mpg) format.

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets should be converted to PDF if no interaction with the data is intended.

If the readers should be encouraged to make their own calculations, spreadsheets
should be submitted as .xIs files (MS Excel).
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e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

e [t is possible to collect multiple files in a .zip or .gz file.

e If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.

e Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", “... additional data are given in Online Resource 4”.

e Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

¢ For each supplementary material, please supply a concise caption describing the
content of the file.

e FElectronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

Upon acceptance of your article you will receive a link to the special Author Query Application at
Springer’s web page where you can sign the Copyright Transfer Statement online and indicate
whether you wish to order Open Choice, offprints, or printing of figures in color. Once the Author
Query Application has been completed, your article will be processed and you will receive the
proofs.

In addition to the normal publication process (whereby an article is submitted to the journal and
access to that article is granted to customers who have purchased a subscription), Springer provides
an alternative publishing option: Springer Open Choice. A Springer Open Choice article receives all
the benefits of a regular subscription-based article, but in addition is made available publicly
through Springer’s online platform SpringerLink. We regret that Springer Open Choice cannot be
ordered for published articles.

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher
exclusive publication and dissemination rights). This will ensure the widest possible protection and
dissemination of information under copyright laws.

Open Choice articles do not require transfer of copyright as the copyright remains with the author.
In opting for open access, they agree to the Springer Open Choice License.

Offprints can be ordered by the corresponding author.
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Online publication of color illustrations is free of charge. For color in the print version, authors will
be expected to make a contribution towards the extra costs.

The purpose of the proof is to check for typesetting or conversion errors and the completeness and
accuracy of the text, tables and figures. Substantial changes in content, e.g., new results, corrected
values, title and authorship, are not allowed without the approval of the Editor. After online
publication, further changes can only be made in the form of an Erratum, which will be hyperlinked
to the article.

The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be cited by
issue and page numbers.

At acceptance, you can provide a list of max. 10 email addresses of colleagues: the journal will send
them a complimentary copy of the PDF of your paper. This may definitely help disseminating your
study and increasing its potential impact, as well as the impact of the journal.
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Anexo 2 - Normas da revista Journal of Insect Conservation, na qual foi publicado o Capitulo 2.
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Instructions for Authors

MANUSCRIPT SUBMISSION

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is not under consideration for
publication anywhere else; that its publication has been approved by all co-authors, if any, as well as by the responsible authorities —
tacitly or explicitly — at the institute where the work has been carried out. The publisher will not be held legally responsible should

there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published elsewhere are required to obtain
permission from the copyright owner(s) for both the print and online format and to include evidence that such permission has been
granted when submitting their papers. Any material received without such evidence will be assumed to originate from the authors.
Online Submission

Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files following the instructions given on

the screen.

Additional request
Upon submission, the e-mail addresses of all authors will be requested. At the end of the submission process, the corresponding
author will receive an acknowledgement e-mail and all co-authors will be contacted automatically to confirm their affiliation to the

submitted work.

TITLE PAGE

Title Page

The title page should include:

e The name(s) of the author(s)

e A concise and informative title

95



e The affiliation(s) and address(es) of the author(s)
e The e-mail address, and telephone number(s) of the corresponding author
e [favailable, the 16-digit ORCID of the author(s)

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined abbreviations or unspecified

references.

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.

e Use a normal, plain font (e.g., 10-point Times Roman) for text.

e Use italics for emphasis.

e Use the automatic page numbering function to number the pages.

e Do not use field functions.

e Use tab stops or other commands for indents, not the space bar.

e Use the table function, not spreadsheets, to make tables.

e Use the equation editor or MathType for equations.

e Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX.
LaTeX macro package (zip, 182 kB)

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.
Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference included in the reference list.
They should not consist solely of a reference citation, and they should never include the bibliographic details of a reference. They
should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case letters (or asterisks
for significance values and other statistical data). Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.
Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The names of funding

organizations should be written in full.

Important note:

All authors are requested to use the continuous line numbering function for their manuscripts.
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SCIENTIFIC STYLE
Please always use internationally accepted signs and symbols for units (SI units).

SCIENTIFIC STYLE
Nomenclature: Insofar as possible, authors should use systematic names similar to those used by Chemical Abstract Service or
IUPAC.

REFERENCES

Citation

Cite references in the text by name and year in parentheses. Some examples:
Negotiation research spans many disciplines (Thompson 1990).
This result was later contradicted by Becker and Seligman (1996).
This effect has been widely studied (Abbott 1991; Barakat et al. 1995a, b; Kelso and Smith 1998; Medvec et al.
1999, 2000).

Reference list

The list of references should only include works that are cited in the text and that have been published or accepted for publication.
Personal communications and unpublished works should only be mentioned in the text. Do not use footnotes or endnotes as a
substitute for a reference list.
Reference list entries should be alphabetized by the last names of the first author of each work. Order multi-author publications of the
same first author alphabetically with respect to second, third, etc. author. Publications of exactly the same author(s) must be ordered
chronologically.
e Journal article
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high intensity
intermittent training on heart rate variability in prepubescent children. Eur J Appl Physiol 105:731-738.
https://doi.org/10.1007/s00421-008-0955-8
Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will also be accepted:
Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J Med 965:325-329
e Article by DOI
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med.
https://doi.org/10.1007/s001090000086
e Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
e Book chapter
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn. Wiley, New
York, pp 230-257
e Online document
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007
e Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations, see
ISSN LTWA
If you are unsure, please use the full journal title.

For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations and reference list.

EndNote style (zip, 2 kB)

TABLES
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e All tables are to be numbered using Arabic numerals.

e Tables should always be cited in text in consecutive numerical order.

e For each table, please supply a table caption (title) explaining the components of the table.

e Identify any previously published material by giving the original source in the form of a reference at the end of the table
caption.

e Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values and other
statistical data) and included beneath the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission

e Supply all figures electronically.

e Indicate what graphics program was used to create the artwork.

e For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice files are also
acceptable.

e Vector graphics containing fonts must have the fonts embedded in the files.

e Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art
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e Definition: Black and white graphic with no shading.

e Do not use faint lines and/or lettering and check that all lines and lettering within the figures
are legible at final size.

e All lines should be at least 0.1 mm (0.3 pt) wide.

e Scanned line drawings and line drawings in bitmap format should have a minimum resolution
of 1200 dpi.

e Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

e Definition: Photographs, drawings, or paintings with fine shading, etc.
e [fany magnification is used in the photographs, indicate this by using scale bars within the
figures themselves.

e Halftones should have a minimum resolution of 300 dpi.
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Combination Art
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Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive lettering, color

diagrams, etc.
Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main information will still be visible. Many

colors are not distinguishable from one another when converted to black and white. A simple way to check this is to

make a xerographic copy to see if the necessary distinctions between the different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

e To add lettering, it is best to use Helvetica or Arial (sans serif fonts).
e Keep lettering consistently sized throughout your final-sized artwork, usually about 2—3 mm (812 pt).

e Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and 20-pt type for

the axis label.
e Avoid effects such as shading, outline letters, etc.

e Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.
Figures should always be cited in text in consecutive numerical order.
Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the consecutive numbering of the

main text. Do not number the appendix figures,

"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should, however, be numbered

separately.
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Figure Captions

e Each figure should have a concise caption describing accurately what the figure depicts. Include the captions in the text
file of the manuscript, not in the figure file.

e Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type.

e No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the caption.

e Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate points in graphs.

e Identify previously published material by giving the original source in the form of a reference citation at the end of the
figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.
When preparing your figures, size figures to fit in the column width.
For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide and not higher than 198 mm.
Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the copyright owner(s) for both
the print and online format. Please be aware that some publishers do not grant electronic rights for free and that Springer will not be
able to refund any costs that may have occurred to receive these permissions. In such cases, material from other sources should be

used.
Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please make sure that
All figures have descriptive captions (blind users could then use a text-to-speech software or a text-to-Braille hardware)
Patterns are used instead of or in addition to colors for conveying information (colorblind users would then be able to
distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL
Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be published online
along with an article or a book chapter. This feature can add dimension to the author's article, as certain information cannot be

printed or is more convenient in electronic form.

Before submitting research datasets as electronic supplementary material, authors should read the journal’s Research data policy. We

encourage research data to be archived in data repositories wherever possible.
Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names; affiliation and e-mail
address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very long download times and

that some users may experience other problems during downloading.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3
Maximum file size: 25 GB
Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, mdv, 3gp

Text and Presentations
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Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets
Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).
Specialized Formats
Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also be supplied.
Collecting Multiple Files
It is possible to collect multiple files in a .zip or .gz file.
Numbering

If supplying any supplementary material, the text must make specific mention of the material as a citation, similar to
that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online Resource 3)", “...
additional data are given in Online Resource 4”.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

For each supplementary material, please supply a concise caption describing the content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author without any conversion, editing, or

reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary files, please make sure that The
manuscript contains a descriptive caption for each supplementary material
Video files do not contain anything that flashes more than three times per second (so that users prone to seizures caused by

such effects are not put at risk)

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on Publication Ethics

(COPE) the journal will follow the COPE guidelines on how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in the journal, the professionalism of
scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of the research and its presentation can be

achieved by following the rules of good scientific practice, which include:

e The manuscript has not been submitted to more than one journal for simultaneous consideration.

e The manuscript has not been published previously (partly or in full), unless the new work concerns an expansion of
previous work (please provide transparency on the re-use of material to avoid the hint of text-recycling (“self-
plagiarism”)).

e A single study is not split up into several parts to increase the quantity of submissions and submitted to various journals
or to one journal over time (e.g. “salami-publishing”).

e No data have been fabricated or manipulated (including images) to support your conclusions

e No data, text, or theories by others are presented as if they were the author’s own (“plagiarism”). Proper
acknowledgements to other works must be given (this includes material that is closely copied (near verbatim),
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summarized and/or paraphrased), quotation marks are used for verbatim copying of material, and permissions are
secured for material that is copyrighted.
Important note: the journal may use software to screen for plagiarism.

e Consent to submit has been received explicitly from all co-authors, as well as from the responsible authorities - tacitly
or explicitly - at the institute/organization where the work has been carried out, before the work is submitted.

e Authors whose names appear on the submission have contributed sufficiently to the scientific work and therefore share
collective responsibility and accountability for the results.

e Authors are strongly advised to ensure the correct author group, corresponding author, and order of authors at
submission. Changes of authorship or in the order of authors are not accepted after acceptance of a manuscript.

e Adding and/or deleting authors and/or changing the order of authors at revision stage may be justifiably warranted. A
letter must accompany the revised manuscript to explain the reason for the change(s) and the contribution role(s) of the
added and/or deleted author(s). Further documentation may be required to support your request.

e Requests for addition or removal of authors as a result of authorship disputes after acceptance are honored after formal
notification by the institute or independent body and/or when there is agreement between all authors.

e Upon request authors should be prepared to send relevant documentation or data in order to verify the validity of the
results. This could be in the form of raw data, samples, records, etc. Sensitive information in the form of confidential

proprietary data is excluded.

If there is a suspicion of misconduct, the journal will carry out an investigation following the COPE guidelines. If, after investigation,
the allegation seems to raise valid concerns, the accused author will be contacted and given an opportunity to address the issue. If
misconduct has been established beyond reasonable doubt, this may result in the Editor-in-Chief’s implementation of the following

measures, including, but not limited to:

If the article is still under consideration, it may be rejected and returned to the author.

If the article has already been published online, depending on the nature and severity of the infraction, either an erratum
will be placed with the article or in severe cases complete retraction of the article will occur. The reason must be given
in the published erratum or retraction note. Please note that retraction means that the paper is maintained on the
platform, watermarked "retracted" and explanation for the retraction is provided in a note linked to the watermarked
article.

The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and professional conduct have
been followed, authors should include information regarding sources of funding, potential conflicts of interest (financial or non-
financial), informed consent if the research involved human participants, and a statement on welfare of animals if the research

involved animals.

Authors should include the following statements (if applicable) in a separate section entitled “Compliance with Ethical Standards”

when submitting a paper:

Disclosure of potential conflicts of interest
Research involving Human Participants and/or Animals

Informed consent

Please note that standards could vary slightly per journal dependent on their peer review policies (i.e. single or double blind peer
review) as well as per journal subject discipline. Before submitting your article check the instructions following this section carefully.
The corresponding author should be prepared to collect documentation of compliance with ethical standards and send if requested
during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned guidelines. The author will be held

responsible for false statements or failure to fulfill the above-mentioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST
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Authors must disclose all relationships or interests that could have direct or potential influence or impart bias on the work. Although
an author may not feel there is any conflict, disclosure of relationships and interests provides a more complete and transparent
process, leading to an accurate and objective assessment of the work. Awareness of a real or perceived conflicts of interest is a
perspective to which the readers are entitled. This is not meant to imply that a financial relationship with an organization that
sponsored the research or compensation received for consultancy work is inappropriate. Examples of potential conflicts of

interests that are directly or indirectly related to the research may include but are not limited to the following:

e Research grants from funding agencies (please give the research funder and the grant number)
e Honoraria for speaking at symposia

e Financial support for attending symposia

e Financial support for educational programs

e Employment or consultation

e Support from a project sponsor

e Position on advisory board or board of directors or other type of management relationships

e Multiple affiliations

e Financial relationships, for example equity ownership or investment interest

e Intellectual property rights (e.g. patents, copyrights and royalties from such rights)

e Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial interests) that may be important to readers
should be disclosed. These may include but are not limited to personal relationships or competing interests directly or indirectly tied
to this research, or professional interests or personal beliefs that may influence your research.

The corresponding author collects the conflict of interest disclosure forms from all authors. In author collaborations where formal
agreements for representation allow it, it is sufficient for the corresponding author to sign the disclosure form on behalf of all authors.

Examples of forms can be found
here:

The corresponding author will include a summary statement in the text of the manuscript in a separate section before the reference
list, that reflects what is recorded in the potential conflict of interest disclosure form(s).

See below examples of disclosures:
Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A. Author B has received a speaker honorarium from
Company X and owns stock in Company Y. Author C is a member of committee Z.

If no conflict exists, the authors should state:

Conlflict of Interest: The authors declare that they have no conflict of interest.

RESEARCH DATA POLICY

The journal encourages authors, where possible and applicable, to deposit data that support the findings of their research in a public
repository. Authors and editors who do not have a preferred repository should consult Springer Nature’s list of repositories and

research data policy.

List of Repositories

Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may also be used.
Datasets that are assigned digital object identifiers (DOIs) by a data repository may be cited in the reference list. Data citations
should include the minimum information recommended by DataCite: authors, title, publisher (repository name), identifier.

DataCite
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Springer Nature provides a research data policy support service for authors and editors, which can be contacted

at researchdata@springernature.com.

This service provides advice on research data policy compliance and on finding research data repositories. It is independent of
journal, book and conference proceedings editorial offices and does not advise on specific manuscripts.

Helpdesk

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web page where you
can sign the Copyright Transfer Statement online and indicate whether you wish to order OpenChoice, offprints, or printing of
figures in color.

Once the Author Query Application has been completed, your article will be processed and you will receive the proofs.

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher exclusive publication and
dissemination rights). This will ensure the widest possible protection and dissemination of information under copyright laws.

Creative Commons Attribution-NonCommercial 4.0 International License

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors will be expected to make a
contribution towards the extra costs.

Proof reading

The purpose of the proof'is to check for typesetting or conversion errors and the completeness and accuracy of the text, tables and
figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are not allowed without the approval
of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to the article.
Online First

The article will be published online after receipt of the corrected proofs. This is the official first publication citable with the DOI.

After release of the printed version, the paper can also be cited by issue and page numbers.

OPEN CHOICE

In addition to the normal publication process (whereby an article is submitted to the journal and access to that article is granted to
customers who have purchased a subscription), Springer provides an alternative publishing option: Springer Open Choice. A
Springer Open Choice article receives all the benefits of a regular subscription-based article, but in addition is made available

publicly through Springer’s online platform SpringerLink.
Open Choice
Copyright and license term — CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open access, the

author(s) agree to publish the article under the Creative Commons Attribution License.

Find more about the license agreement
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ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you need to ensure the English language is of
sufficient quality to be understood. If you need help with writing in English you should consider:

Asking a colleague who is a native English speaker to review your manuscript for clarity.

Visiting the English language tutorial which covers the common mistakes when writing in English.

Using a professional language editing service where editors will improve the English to ensure that your meaning is
clear and identify problems that require your review. Two such services are provided by our affiliates Nature Research
Editing Service and American Journal Experts. Springer authors are entitled to a 10% discount on their first submission
to either of these services, simply follow the links below.

English language tutorial

Nature Research Editing Service

American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in this journal and does not
imply or guarantee that the article will be selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style before publication.
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Anexo 3 - Normas da revista Insectes Sociaux, para a qual foi submetido o Capitulo 3 dessa Tese.

Insectes Sociaux

International Journal for the Study of Social Arthropods

Editor-in-Chief: Michael Breed
ISSN: 0020-1812 (print version)
ISSN: 1420-9098 (electronic version)
Journal no. 40

INSTRUCTIONS FOR AUTHORS
Notes to Authors - Insectes Sociaux

EDITORIAL POLICY

Insectes Sociaux is the Journal of the International Union for the Study of Social Insects (IUSSI). It publishes original reviews,
research articles and short communications on all aspects related to the biology and evolution of social insects and other presocial
arthropods. The various areas it covers include Ecology, Ethology, Morphology, Systematics, Population Genetics, Reproduction,

Communication, Sociobiology, Caste Differentiation and Social Parasitism.

Each manuscript is subject to the refereeing process. For further details on the submission procedure see the following paragraphs.

MANUSCRIPT SUBMISSION

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is not under consideration for
publication anywhere else; that its publication has been approved by all co-authors, if any, as well as by the responsible authorities —
tacitly or explicitly — at the institute where the work has been carried out. The publisher will not be held legally responsible should

there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published elsewhere are required to obtain
permission from the copyright owner(s) for both the print and online format and to include evidence that such permission has been
granted when submitting their papers. Any material received without such evidence will be assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files following the instructions given on
the screen.

TYPES OF PAPERS

Insectes Sociaux publishes Commentaries, Reviews, Research Articles and Short Communications.

All manuscripts should begin with an introduction that describes why the work is relevant and puts it in the context of the current
knowledge on the subject. All manuscripts should end with a discussion of the significance of the results and their relation to other
work. Whether the manuscript follows the usual format of “Introduction”, “Materials and methods”, “Results” and “Discussion” is at
the author’s discretion and depends on the type of paper. However, this standard format is recommended for empirical studies. As

much as possible, submissions, including the references section, should be formatted to fit the journal’s style.

All types of paper are first vetted by an editor for appropriateness to the focus of the journal and for scientific quality and interest.

Submissions that fit the journal’s scientific concentration and minimum quality standards are then sent out for peer review. The
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editors’ decisions reflect the reviewers’ input as well as the editors’ own judgement. Revised papers may be sent out for re-review

prior to further consideration.

Commentaries

Commentaries are opinion pieces about current issues in the study of social insects. The author(s) may represent their
opinions and beliefs, but statements may not mispresent facts and personal attacks or ad hominen arguments are not
permitted. Commentaries are peer reviewed and, if appropriate, the editor may invite a rejoinder from scientists with
different points of view on the issue. This type of paper is not intended for critiques of specific articles published in

Insectes Sociaux, but rather for broader questions.

Reviews

Review manuscripts are subject to the standard peer review process. Manuscripts that mainly summarize published or
unpublished data by the review's author(s) will not be considered. Review articles should not exceed 10 pages unless the
editor’s permission has been gained (a page of text is about 900 words and about 40 references fill a page). Authors also

have the option to upload Supplementary online materials.
The corresponding author will receive 200 Euros per accepted review article.

Authors interested in writing reviews are invited to send a short summary (1-2 paragraphs) that explains the intended
topic, why the review would be timely, a brief indication of the structure, including a list of addressed topics, to
Margaret Couvillon (mjc@vt.edu).

Research Articles

Research articles are scientific research reports in standard scientific journal format and style of presentation. Research
articles should not exceed a length of 10 printed pages. Including figures and tables. A page of text is about 900 words
and about 40 references fill a page. When calculating the potential final published length of a paper please consider that
the title and abstract consume about half a page and also factor in the space taken by tables, figures, and figure legends.
Nearly all research articles follow the usual format of “Introduction”, “Materials and methods”, “Results” and

“Discussion”, but editors may allow flexibility depending on the content of the article.

Short communications

Short communications are usually focused on a single test of a hypothesis or on an experiment of limited scope. They
are published as short reports of general interest and are by no means articles that are not of sufficient interest to be
published as full papers.

ENGLISH LANGUAGE SUPPORT

For editors and reviewers to accurately assess the work presented in your manuscript you need to ensure the English language is of

sufficient quality to be understood. If you need help with writing in English you should consider:

Asking a colleague who is a native English speaker to review your manuscript for clarity.

Visiting the English language tutorial which covers the common mistakes when writing in English.

Using a professional language editing service where editors will improve the English to ensure that your meaning is
clear and identify problems that require your review. Two such services are provided by our affiliates Nature Research
Editing Service and American Journal Experts. Springer authors are entitled to a 10% discount on their first submission
to either of these services, simply follow the links below

English language tutorial

Nature Research Editing Service

American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in this journal and does not imply or

guarantee that the article will be selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style before publication.
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Please note

Insectes Sociaux publishes papers in English; submitted manuscripts must be in acceptable English to be considered for review.
Manuscripts may be returned to authors for editing if spelling, grammar and syntax deviate from standard usage. American English

spellings and grammatical conventions should be followed.

TITLE PAGE

Title Page
The title page should include:

o The name(s) of the author(s)

e A concise and informative title

e The affiliation(s) and address(es) of the author(s)

e The e-mail address, and telephone number(s) of the corresponding author

e [favailable, the 16-digit ORCID of the author(s)

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined abbreviations or unspecified

references.

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.

e Use a normal, plain font (e.g., 10-point Times Roman) for text.

e Use italics for emphasis.

e Use the automatic page numbering function to number the pages.

e Do not use field functions.

e Use tab stops or other commands for indents, not the space bar.

e Use the table function, not spreadsheets, to make tables.

e Use the equation editor or MathType for equations.

e Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX.
e [aTeX macro package (zip, 182 kB)

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference included in the reference list.
They should not consist solely of a reference citation, and they should never include the bibliographic details of a reference. They

should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case letters (or asterisks

for significance values and other statistical data). Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.
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Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The names of funding
organizations should be written in full.

SCIENTIFIC STYLE

Taxonomic keys and online tools used in identifying species should be cited in the article references. If a museum collection was
used to assist in identifications that resource should be mentioned in the text.

REFERENCES

Citation

Cite references in the text by name and year in parentheses. Some examples:

® Negotiation research spans many disciplines (Thompson 1990).

o This result was later contradicted by Becker and Seligman (1996).

o This effect has been widely studied (Abbott 1991; Barakat et al. 1995a, b; Kelso and Smith 1998; Medvec et al. 1999,
2000).

Reference list

The list of references should only include works that are cited in the text and that have been published or accepted for publication.
Personal communications and unpublished works should only be mentioned in the text. Do not use footnotes or endnotes as a
substitute for a reference list.

Reference list entries should be alphabetized by the last names of the first author of each work. Order multi-author publications of the
same first author alphabetically with respect to second, third, etc. author. Publications of exactly the same author(s) must be ordered
chronologically.

e Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high intensity
intermittent training on heart rate variability in prepubescent children. Eur J Appl Physiol 105:731-738.
https://doi.org/10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will also be accepted:
Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl ] Med 965:325-329
e Article by DOI

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med.
https://doi.org/10.1007/s001090000086

e Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
e Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn. Wiley, New
York, pp 230-257

e Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

e Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations, see
e [SSNLTWA

If you are unsure, please use the full journal title.

For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations and reference list.
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EndNote style (zip, 2 kB)

Please note:

The citation of the Digital Object Identifier (DOI) is not mandatory.
The Editor strongly recommends that the total number of pages is given for book references.

TABLES

e All tables are to be numbered using Arabic numerals.
e Tables should always be cited in text in consecutive numerical order.
e For each table, please supply a table caption (title) explaining the components of the table.

e Identify any previously published material by giving the original source in the form of a reference at the end of the table
caption.
e Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values and other

statistical data) and included beneath the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission
e Supply all figures electronically.
e Indicate what graphics program was used to create the artwork.

e For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice files are also
acceptable.

e Vector graphics containing fonts must have the fonts embedded in the files.

e Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art
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e Definition: Black and white graphic with no shading.

e Do not use faint lines and/or lettering and check that all lines and lettering within the figures are legible at final size.
e All lines should be at least 0.1 mm (0.3 pt) wide.

e Scanned line drawings and line drawings in bitmap format should have a minimum resolution of 1200 dpi.

e Vector graphics containing fonts must have the fonts embedded in the files.
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Halftone Art

e Definition: Photographs, drawings, or paintings with fine shading, etc.
e Ifany magnification is used in the photographs, indicate this by using scale bars within the figures themselves.
e Halftones should have a minimum resolution of 300 dpi.

Combination Art
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e Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive lettering, color
diagrams, etc.
e Combination artwork should have a minimum resolution of 600 dpi.

Color Art

e Color art is free of charge for online publication.
e Ifblack and white will be shown in the print version, make sure that the main information will still be visible. Many
colors are not distinguishable from one another when converted to black and white. A simple way to check this is to make a

xerographic copy to see if the necessary distinctions between the different colors are still apparent.
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e If'the figures will be printed in black and white, do not refer to color in the captions.
e Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering
e To add lettering, it is best to use Helvetica or Arial (sans serif fonts).
e Keep lettering consistently sized throughout your final-sized artwork, usually about 2—3 mm (8—12 pt).

e Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and 20-pt type for
the axis label.

e Avoid effects such as shading, outline letters, etc.

e Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

e Figures should always be cited in text in consecutive numerical order.

e Figure parts should be denoted by lowercase letters (a, b, c, etc.).

e Ifan appendix appears in your article and it contains one or more figures, continue the consecutive numbering of the
main text. Do not number the appendix figures,

"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should, however, be numbered

separately.

Figure Captions

e Each figure should have a concise caption describing accurately what the figure depicts. Include the captions in the text
file of the manuscript, not in the figure file.

e Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type.

e No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the caption.

e [dentify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate points in graphs.

e [dentify previously published material by giving the original source in the form of a reference citation at the end of the
figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not higher than 234 mm.
For books and book-sized journals, the figures should be 80 mm or 122 mm wide and not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the copyright owner(s) for both
the print and online format. Please be aware that some publishers do not grant electronic rights for free and that Springer will not be
able to refund any costs that may have occurred to receive these permissions. In such cases, material from other sources should be

used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech software or a text-to-Braille hardware)
Patterns are used instead of or in addition to colors for conveying information (colorblind users would then be able to
distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1
ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be published online
along with an article or a book chapter. This feature can add dimension to the author's article, as certain information cannot be

printed or is more convenient in electronic form.
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Before submitting research datasets as electronic supplementary material, authors should read the journal’s Research data policy. We

encourage research data to be archived in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names; affiliation and e-mail
address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very long download times and
that some users may experience other problems during downloading.

Audio, Video, and Animations
Aspect ratio: 16:9 or 4:3
Maximum file size: 25 GB
Minimum video duration: 1 sec
Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, mdv, 3gp
Text and Presentations
Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.
Spreadsheets
Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also be supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific mention of the material as a citation, similar to

that of figures and tables.

"o

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online Resource 3)", “...
additional data are given in Online Resource 4”.
Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

For each supplementary material, please supply a concise caption describing the content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author without any conversion, editing, or
reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary material
Video files do not contain anything that flashes more than three times per second (so that users prone to seizures caused

by such effects are not put at risk)
ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on Publication Ethics

(COPE) the journal will follow the COPE guidelines on how to deal with potential acts of misconduct.
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Authors should refrain from misrepresenting research results which could damage the trust in the journal, the professionalism of
scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of the research and its presentation can be

achieved by following the rules of good scientific practice, which include:

e The manuscript has not been submitted to more than one journal for simultaneous consideration.

e The manuscript has not been published previously (partly or in full), unless the new work concerns an expansion of
previous work (please provide transparency on the re-use of material to avoid the hint of text-recycling (“self-
plagiarism”)).

e A single study is not split up into several parts to increase the quantity of submissions and submitted to various journals

or to one journal over time (e.g. “salami-publishing”).
e No data have been fabricated or manipulated (including images) to support your conclusions

e No data, text, or theories by others are presented as if they were the author’s own (“plagiarism”). Proper
acknowledgements to other works must be given (this includes material that is closely copied (near verbatim),
summarized and/or paraphrased), quotation marks are used for verbatim copying of material, and permissions are

secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

e Consent to submit has been received explicitly from all co-authors, as well as from the responsible authorities - tacitly or
explicitly - at the institute/organization where the work has been carried out, before the work is submitted.

e Authors whose names appear on the submission have contributed sufficiently to the scientific work and therefore share

collective responsibility and accountability for the results.

e Authors are strongly advised to ensure the correct author group, corresponding author, and order of authors at
submission. Changes of authorship or in the order of authors are not accepted after acceptance of a manuscript.

e Adding and/or deleting authors and/or changing the order of authors at revision stage may be justifiably warranted. A
letter must accompany the revised manuscript to explain the reason for the change(s) and the contribution role(s) of the
added and/or deleted author(s). Further documentation may be required to support your request.

e Requests for addition or removal of authors as a result of authorship disputes after acceptance are honored after formal
notification by the institute or independent body and/or when there is agreement between all authors.

e Upon request authors should be prepared to send relevant documentation or data in order to verify the validity of the
results. This could be in the form of raw data, samples, records, etc. Sensitive information in the form of confidential

proprietary data is excluded.

If there is a suspicion of misconduct, the journal will carry out an investigation following the COPE guidelines. If, after investigation,
the allegation seems to raise valid concerns, the accused author will be contacted and given an opportunity to address the issue. If
misconduct has been established beyond reasonable doubt, this may result in the Editor-in-Chief’s implementation of the following
measures, including, but not limited to:

If the article is still under consideration, it may be rejected and returned to the author.

If the article has already been published online, depending on the nature and severity of the infraction, either an erratum

will be placed with the article or in severe cases complete retraction of the article will occur. The reason must be given

in the published erratum or retraction note. Please note that retraction means that the paper is maintained on the

platform, watermarked "retracted" and explanation for the retraction is provided in a note linked to the watermarked

article.

The author’s institution may be informed.
RESEARCH DATA POLICY
The journal encourages authors, where possible and applicable, to deposit data that support the findings of their research in a public

repository. Authors and editors who do not have a preferred repository should consult Springer Nature’s list of repositories and

research data policy.

List of Repositories
Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may also be used.

Datasets that are assigned digital object identifiers (DOIs) by a data repository may be cited in the reference list. Data citations
should include the minimum information recommended by DataCite: authors, title, publisher (repository name), identifier.
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DataCite
Springer Nature provides a research data policy support service for authors and editors, which can be contacted
at researchdata@springernature.com.

This service provides advice on research data policy compliance and on finding research data repositories. It is independent of

journal, book and conference proceedings editorial offices and does not advise on specific manuscripts.
Helpdesk
AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web page where you
can sign the Copyright Transfer Statement online and indicate whether you wish to order OpenChoice, offprints, or printing of

figures in color.
Once the Author Query Application has been completed, your article will be processed and you will receive the proofs.

Copyright transfer
Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher exclusive publication and

dissemination rights). This will ensure the widest possible protection and dissemination of information under copyright laws.

Creative Commons Attribution-NonCommercial 4.0 International License

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors will be expected to make a

contribution towards the extra costs.

Proof reading

The purpose of the proofis to check for typesetting or conversion errors and the completeness and accuracy of the text, tables and
figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are not allowed without the approval
of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first publication citable with the DOI.
After release of the printed version, the paper can also be cited by issue and page numbers.

OPEN CHOICE

Open Choice allows you to publish open access in more than 1850 Springer Nature journals, making your research more visible and

accessible immediately on publication.
Benefits:

Increased researcher engagement: Open Choice enables access by anyone with an internet connection, immediately on
publication.

Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4 times more often on average, and
cited 1.7 more times on average*.

Easy compliance with funder and institutional mandates: Many funders require open access publishing, and some take
compliance into account when assessing future grant applications.

It is easy to find funding to support open access — please see our funding and support pages for more information.

*) Within the first three years of publication. Springer Nature hybrid journal OA impact analysis, 2018.
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Open Choice
Funding and Support pages

Copyright and license term — CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open access, the
author(s) agree to publish the article under the Creative Commons Attribution License.

Find more about the license agreement

Specific Remarks
Offprints:

The authors will receive a PDF of their article free of charge.

Color illustration:

If the provided color is essential for the understanding of the illustration, no contribution by the author will be charged.

ADDITIONAL INFORMATION

Charges

corrections made in the galley proofs that are not due to editorial errors
equations exceeding 20 lines per article
excess tables

color illustrations in the print version

Photocopying

Single photocopies of single articles may be made for personal use as allowed by national copyright laws. Permission of the
publisher and payment of a fee are required for all other photocopying, including multiple or systematic copying, copying for
advertising or promotional purposes, resale, and all forms of document delivery. In the USA, users may clear permissions and make
payment through the Copyright Clearance Center Inc., 222 Rosewood Drive, Danvers, MA 01923, USA (http://www.copyright.com).

In Germany, users may clear permissions and make payment through the Verwertungsgesellschaft WORT, Goethestr. 49, 80336
Miinchen, Germany (http://www.vgwort.de). In other countries where a local copyright clearance centre exists, please contact it for

information on required permissions and payments.

ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you need to ensure the English language is of
sufficient quality to be understood. If you need help with writing in English you should consider:

Asking a colleague who is a native English speaker to review your manuscript for clarity.

Visiting the English language tutorial which covers the common mistakes when writing in English.

Using a professional language editing service where editors will improve the English to ensure that your meaning is
clear and identify problems that require your review. Two such services are provided by our affiliates Nature Research
Editing Service and American Journal Experts. Springer authors are entitled to a 10% discount on their first submission
to either of these services, simply follow the links below.

English language tutorial
Nature Research Editing Service

American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in this journal and does not
imply or guarantee that the article will be selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style before publication.
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ARTIGOS PUBLICADOS DURANTE O PERiODO DO DOUTORADO

- Brito TF, Phifer CC, Knowlton JL, Fiser CM, Becker NM, Barros FC, Contrera FAL, Maués MM,
Juen L, Montag LFA, Webster CR, Flaspohler DJ, Santos MPD, Silva DP. 2017. Forest reserves
and riparian corridors help maintain orchid bee (Hymenoptera: Euglossini) communities in oil palm

plantations in Brazil. Apidologie 48: 575-587.

- Brito TF, Contrera FAL, Phifer CC, Knowlton JL, Brasil LS, Maués MM, Silva DP. Effects of
habitat type change on taxonomic and functional composition of orchid bees (Apidae: Euglossini)

in the Brazilian Amazon. Journal of Insect Conservation. https://doi.org/10.1007/s10841-018-0073-

9

- Brito TF, Santos ACS, Maués MM, Silveira OT, Oliveira ML. 2019. Historical records of orchid

bees (Apidae: Euglossini) in Belém Endemism Center: species list of 92 years sampling. Brazilian

Journal of Biology 79 (2).
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