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RESUMO

O héabitat contém os fatores que garantem a reproducéo e a sobrevivéncia das espécies. Escolher
caracteristicas especificas em um local para construir o ninho, que diferem do restante do
habitat disponivel, define a selecdo de sitio reprodutivo, a qual é uma das estratégias de
reproducdo usada por praticamente todas as espécies de aves. Embora o Brasil contenha uma
das maiores diversidades de aves do mundo, para poucas espécies a seletividade quanto aos
parametros do ambiente para nidificar foi avaliada. Estudos envolvendo a selecdo de sitio de
nidificagdo podem contribuir para a compreensdo de como as mudancas no habitat podem afetar
populacbes locais e revelar quais os requisitos do habitat para manter uma espécie alvo ou
populacdes. O soldadinho, Antilophia galeata, € um Pipridae endémico do bioma Cerrado e
frequentemente encontrado nas florestas de galeria, e assim como a maioria dos passeriformes
de sub-bosque, esta espécie é pouco conhecida sob a perspectiva da selecdo do sitio de
nidificacdo. Neste trabalho, avaliamos a sele¢do do sitio reprodutivo, por meio da identificacéo
das espécies de plantas usadas como suporte para o ninho, e pela avaliacdo de nove variaveis
do ambiente para uma populacdo de A. galeata do sudeste do Brasil. Nossos resultados revelam
que as fémeas selecionam fortemente a espécie Miconia nervosa (Melastomatacea) como
substrato para o ninho. Além disso, as analises de modelos lineares mistos generalizados
(GLMM) revelaram que a presenca de ninhos esté positivamente associada com a cobertura do
dossel e com a presenca de individuos de palmeiras jussara, Euterpe edulis e M. nervosa ao
redor do ninho. Estes resultados indicam que o soldadinho se reproduz em trechos de matas de
galerias maduras e bem conservadas e destaca a importancia da manutencéo destas faixas de

habitat para a reproducdo da espécie.

Palavras-chave: Aves. Regido neotropical. Cerrado. Habitat.



ABSTRACT

The habitat contains factors that ensure the reproduction and survival of the species. Selecting
nesting places with specific characteristics that differ from the rest of the available habitat
defines the nest-site selection, and this is a breeding strategy used virtually by all bird species.
Although Brazil contains one of the greatest bird diversities in the world, only a few species
have been studied under a nest-site selection perspective. Nest-site selection studies may
contribute to the comprehension on how habitat changes can affect the local populations, and
reveal habitat requirements to maintain target species or populations. The Helmeted Manakin,
Antilophia galeata, is a Pipridae endemic to the savanna-like Cerrado biome, being common in
gallery forests, and like most tropical forest understory passerines, it poorly studied under a
nest-site selection perspective. Here, we addressed nest site-selection by the identification of
plant species used as nest support and by the assessment of nine environmental variables for a
population of A. galeata from southeastern Brazil. Our results revealed that females strongly
selected the species Miconia nervosa (Melastomatacea) as nesting plant. In addition, Mixed-
effect Generalized Linear Model (GLMM) revealed the presence of nests was positively
associated to canopy cover and to the presence of Jussara palms, Euterpe edulis, and number
of M. nervosa individuals around nests. These results suggest that the Helmeted Manakin nests
in mature and well-preserved galleries stretches and this study highlights the importance of

maintaining these habitat strips for the reproduction of the species.

Keyword: Birds. Neotropics. Cerrado. Habitat.
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1 REFERENCIAL TEORICO

O habitat é o conjunto de fatores fisicos que garantem a reproducéo e a sobrevivéncia
das espécies. Ja a selecdo de habitat, refere-se a uma resposta comportamental, que resulta no
uso desproporcional do ambiente pela escolha dos componentes que mais lhe atribuem
vantagens (BLOCK; BRENNAN, 1993). Intrinsecamente a sele¢cdo de habitat esta a selecdo do
sitio reprodutivo, que consiste na escolha apenas das variaveis do ambiente ao redor do local
de nidificacdo e que possam influenciar na sobrevivéncia e desempenho do individuo e de sua
prole (BLOCK; BRENNAN, 1993; JONES, 2001). Construir o ninho em locais com
caracteristicas especificas € uma estratégia de reproducdo desempenhada pelas aves (BLOCK;
BRENNAN, 1993; JONES 2000; MARTIN, 1988).

Estudos que avaliam a selecdo do sitio reprodutivo sdo importantes por revelarem
informacdes sobre a biologia reprodutiva e estratégias de conservacao das espécies, tais como
as exigéncias do habitat para nidificar. Além disto, sinalizam sobre a persisténcia de uma
espécie ou populacdo alvo no ambiente, frente as mudancgas na composicdo e estrutura do
habitat (DUQUETTE et al., 2019, HA et al., 2011; LOPES et al., 2018, PERRELLA; ZIMA;
FRANCISCO, 2021; POIRAZIDIS et al., 2007).

Embora estudos de biologia reprodutiva sejam essenciais para 0 conhecimento das
aves, dentro da ornitologia ha uma consideravel lacuna de informacGes sobre a reproducéo das
espécies, incluindo os fatores de selecédo do local de nidificacdo. Somente um tergo das espécies
de aves do mundo tém os dados basicos reprodutivos descritos, como por exemplo o tamanho
da ninhada e os periodos de incubacdo e permanéncia dos filhotes no ninho (XIAO et al., 2017).
Além disso, diferentes espécies selecionam parametros divergentes em diferentes tipos de
ambientes para nidificar (MARTIN 1993, POIRAZIDIS et al. 2007), o que dificulta a
compreensdo dos padrdes de selecdo dentro e entre os grupos de aves, sendo as de habitos
florestais, o grupo taxondmico com a maior deficiéncia de dados reprodutivos conhecidos
(XIAO et al., 2017).

Poucos estudos no Brasil avaliaram a influéncia dos pardmetros do ambiente na
selecdo do sitio reprodutivo pelas aves, tendo sido avaliados para poucas espécies de diferentes
ambientes. Para hébitats abertos, como os campos de gramineas com vegetacdo rasteira, a
selecdo do sitio reprodutivo foi verificada para algumas espécies. Para Volatinia jacarina, que
habita campos com vegetacéo rasteira e arbustiva do Cerrado, Aguilar et al. (2008) mensuraram
um conjunto de 11 variaveis do ambiente nos locais de ninhos (n=81) e em pontos aleatorios.

Como resultados, descobriram que a altura do arbusto, assim como a interagdo entre a altura e
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a porcentagem de cobertura da vegetacdo rasteira, sdo os parametros mais significativos na
selecdo do sitio reprodutivo para esta espécie. Para Sporophila collaris foi avaliado a selegéo
do sitio reprodutivo em campos abertos no Sul do pais, por meio da avaliacdo de um conjunto
de cinco variaveis do ambiente (ROSONI; KRUGEL; FOTANA, 2019). Como resultados
significativos, a espécie demonstrou selecionar territorios ligados a agua e a preferéncia em
construir 0 ninho em locais com trés estratos de vegetagéo, sendo a porcentagem de cobertura
do estrato superior assim como a altura da vegetacdo, maiores nos locais de ninhos.

Para Geositta poeciloptera, um passeriforme ameacado de extincdo (VU) e que
nidifica em cavidades construidas no solo em barrancos de areas abertas, Meireles et al. (2018)
investigaram quais atributos do solo s&o selecionados para o local do ninho. Para isso, variaveis
do solo como o perfil, textura e resisténcia a perfuracdo foram medidas em ninhos encontrados
(n=43) e em pontos aleatérios do ambiente. Como resultados significativos, a espécie
preferencialmente seleciona o horizonte de solo “C” para constru¢do do ninho devido a sua
granulometria, que pode estar atribuido a facilidade de escavacao pela espécie.

Para Sula leucogaster, espécie marinha que nidifica em rochas ou no solo com
vegetacdo esparsa de ilhas oceanicas, Almeida et al. (2020) avaliaram a influéncia de uma
graminea invasora na sele¢do do sitio de nidificacdo da espécie. Para isso, foram coletadas sete
variaveis da vegetacdo ao redor de 85 ninhos localizados em éareas invadidas e ndo invadidas
pela graminea, e como resultados significativos, a especie demonstrou selecionar locais com
menor cobertura da graminea invasora e maiores quantidades de necromassa, em relacdo ao
restante de habitat disponivel.

Quanto a habitats abertos, porém com arvores isoladas, estudos com a sele¢do se sitio
reprodutivo foi conduzido para duas espécies deste tipo de ambiente, em regibes diferentes.
Para Myiopsitta monachus, um psitacideo que nidifica em ninhos comunais com diversas
cavidades, foram medidas e comparadas um conjunto de seis variaveis do ambiente nestas
estruturas comunais (n=41) e no habitat restante disponivel (BURGER; GOCHFELD, 2005).
Como resultados, a espécie seleciona as arvores mais altas, robustas e mais distantes de
habitacbes humanas para nidificar, além de frequentemente associar seus ninhos com os ninhos
de Jabiru mycteria, por Ihe conferir uma base resistente como sustentagéo e a prote¢do contra
predadores. Megascops choliba, espécie nidificante secundaria de cavidades, Dias e Lima
(2015) avaliaram a seletividade de nidificagdo em uma area de Cerrado e para isso, 0s autores
mediram sete variaveis do habitat nas cavidades ninhos (n=16). Como principais resultados,
obtiveram que a orientacdo da entrada do ninho para a dire¢cdo nordeste, assim como a altura

do ninho acima do chéo, séo as caracteristicas das cavidades selecionadas pela espécie, quando
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comparadas a outras disponiveis no ambiente.

Em relagdo a héabitats mais densos, foi avaliado para Cercomacra melanaria, um
Thamnophilidae endémico do Pantanal, a selecdo do sitio reprodutivo baseado na cobertura do
dossel em ninhos encontrados (n=51) em uma floresta homogénea denominada de Cambarazal
(BERNARDON; NOBREGA; PINHO, 2014). Os autores obtiveram resultados significativos
para o parametro medido, e indicam que a espécie seleciona locais com maior cobertura de
dossel para nidificar.

Os primeiros trabalhos que avaliaram a selecédo do sitio reprodutivo para espécies de
ambientes mais heterogéneos como as florestas, somente vieram a ser publicados no ultimo
ano. A selecdo do sitio reprodutivo foi avaliada para duas espécies de passeriformes,
Chiroxiphia caudata e Rhopias gularis, que habitam o continuo de floresta mais bem
preservado da Mata Atlantica, buscando testar a hipotese do predador aquafébico (PERRELLA,;
ZIMA; FRANCISCO, 2020). Esta hipotese prevé que a selecdo de sitios de nidificacdo
préximos a corpos d’agua pode implicar em menores taxas de predacdo dos ninhos, devido a
inibicdo ou relutancia dos predadores em atravessar a agua para acessar 0s ninhos (NOSKE et
al., 2013). Os autores mediram oito variaveis ambientais e compararam com o restante do
habitat disponivel e como principais resultados, verificaram que as duas espécies selecionaram
fortemente a proximidade de riachos para nidificar e a densidade da vegetacdo foi
significativamente correlacionada com a presenca de ninhos para C. caudata, enquanto que para
R. gularis, somente a proximidade com riachos influenciou na presenca dos ninhos.

Para o ameacado Onychorhynchus swainsoni, que também habita porcdes bem
preservadas da Mata Atlantica, Perrela; Zima; Francisco (2021) mensuraram quatro variaveis
do ambiente e compararam com pontos aleatorios do habitat. Os resultados revelaram que a
espécie seleciona galhos pendentes sobre riachos de aproximadamente 4 m de largura para a
construcao dos ninhos, havendo total auséncia de ninhos longe de corpos d’agua. Além disso,
a densidade de vegetacdo esteve negativamente associada com a selecdo dos galhos onde os
ninhos foram construidos.

Os estudos que avaliam a seletividade de uma espécie em relacdo aos locais de
nidificagdo também podem ser conduzidos experimentalmente no ambiente. Para
Streptoprocne biscutata, um Apodidae que nidifica em paredes rochosas, Pichorim et al. (2009)
verificaram a selecdo de sitio de nidificagdo sob a hipdtese de que os individuos usavam
vestigios de ninhos antigos como sinais para a escolha do local do ninho. Desta forma, ninhos
artificiais contendo materiais de ninhos antigos (n=86) e ninhos artificiais sem os vestigios

(n=53) foram instalados e comparados entre si e com 0s ninhos naturais (n=62), que tiveram 0s



14

vestigios antigos removidos. Como resultados, os autores obtiveram que a espécie seleciona 0s
locais que contém vestigios de ninhos antigos, ou seja, locais que ja foram usados anteriormente
para nidificar, embora os autores ndo tenham avaliado demais variaveis do ambiente para essa
interpretacdo.

O Brasil é rico em diversidade de hébitats e de espécies de aves (ICMBIO, 2018;
PIACENTTINI et al., 2015; SICK, 1997) e neste prévio compilado, pode ser observado que ha
um lento, porém, aumento de informacdes sobre as exigéncias das espécies sobre parametros
do ambiente para a reproducdo pelos diferentes dominios biogeograficos do pais. Em outras
partes do mundo, este tipo de estudo tem gerado alertas sobre a importancia de se conservar as
condicGes originais dos hébitats (BISSON; FERRER; BIRD, 2002; KAASIKU; RANNAP;
KAART, 2019), e os dados podem ser usados para complementar acdes de conservacgdo e
manutencdo das populagdes locais (BRAZILL-BOAST et al., 2011; HA et al., 2011; LOPES et
al., 2018).

Diante destas informacdes disponiveis na literatura, somadas as incessantes alteracdes
de habitats causadas pelo desmatamento, expansdo da agricultura e desenvolvimento urbano
(MAXWELL et al., 2016), torna-se imprescindivel conhecer os fatores do ambiente que séo
selecionados na reproducédo das aves, principalmente em biomas que sofrem com as pressoes
humanas, como o Cerrado (COLLI et al., 2020).

As matas de galerias pertencem ao dominio do bioma Cerrado e séo definidas como
florestas perenes e Umidas que se distribuem ao redor de estreitos riachos. A composicdo
floristica é bastante variada dependendo da localidade, mas é sempre formada pela combinacgéo
de espécies de plantas de centros de distribuicGes adjacentes, como a Amazonia ou Floresta
Atlantica (SILVA, 1997). Matas de galeria do sudeste do Brasil recebem influéncia da Mata
Atlantica e a composicdo floristica nestas matas dispGe de espécies de ambos os dominios,
como Euterpe edulis e a Miconia nervosa. Além das plantas, muitas espécies de aves compde
a vida das matas de galeria, utilizando o ambiente como areas de alimentacéo e/ou reproducéo.

O soldadinho, Antilophia galeata, € um passeriforme pertencente a familia Pipridae e
de exuberante beleza. O macho da espécie tem a coloracdo do corpo predominantemente preta
que contrasta com o vermelho brilhante de sua crista, que inicia na fronte logo acima do bico e
vai até o dorso da ave. A fémea é inteiramente de coloracéo verde oliva, também possui a crista
na fronte, embora menos evidente que a do macho (SNOW; DE JUANA, 2020). E uma espécie
endémica do Cerrado e sua distribuicdo geografica acompanha a do bioma (MARINI;
CAVALCANTI, 1992; SICK, 1997). Habita matas de galeria, capbes, matas pantanosas e
buritizais (SICK, 1997; SILVA, 1997; KIRWAN; GREEN, 2011; SNOW; DE JUANA, 2020).
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Distribui-se na por¢do centro-sul do pais, mas também reside no nordeste do Paraguai e da
Bolivia. Atualmente tem o status de conservacdo classificado como pouco preocupante (LC) a
nivel global (IUCN, 2020) e estadual (SAO PAULO, 2018), embora apresente declinio de suas
populagdes (BIRDLIFE, 2018; KIRWAN; GREEN, 2011).

A biologia reprodutiva de A. galeata é conhecida, com as descri¢cdes basicas do ninho
e dos ovos (lhering, 1900) e as medidas da altura acima do solo, didmetro externo, didmetro
interno e profundidade dos ninhos (MARINI, 1992; MARINI et al., 1997). Embora seja uma
espécie comum do bioma Cerrado (MOTTA-JUNIOR, 1990; SILVA, 1997, MARINI, 2001)
teve a biologia reprodutiva recentemente detalhada, com a determinacdo do periodo de
incubacéo, permanéncia dos filhotes nos ninhos e medidas dos ovos (comprimento, largura e
peso) (MARCAL,; LOPES, 2019). Quanto a seletividade do ambiente para nidificar, permanece

nao avaliada.

2 OBJETIVOS

Diante do exposto acima, os objetivos deste trabalho foram avaliar os parametros do
habitat selecionados para a escolha dos locais de nidificacdo por fémeas do soldadinho, A.
galeata, em uma area de mata de galeria do Estado de S&o Paulo, sudeste do Brasil, bem como

contribuir com novas informacg6es sobre a biologia reprodutiva da espécie.
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Nest-site selection in the Helmeted Manakin, Antilophia galeata (Pipridae)

Submetido ao periddico Acta Ornithologica em 10 de marco de 2021.
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3.1. Abstract

Studies on nest-site selection can reveal aspects of habitat requirements of the target species,
and can be useful to infer about how habitat changes can affect local populations. The Helmeted
Manakin, Antilophia galeata, is a piprid endemic to the humid gallery forests that occur along
watercourses of the savanna-like Cerrado biome from central South America, and like most
tropical forest understory passerines, it is poorly known under a nest-site selection perspective.
Here we provide nest-site selection assessment based on nine variables for a population of the
Helmeted Manakin from southeast Brazil. We found that females strongly selected Miconia
nervosa (Melastomataceae) as nesting plant. Further, Mixed-effect Generalized Linear Model
demonstrated that the presence of nests was positively associated to canopy cover and to the
occurrence of the endangered jussara palm trees, Euterpe edulis. These results suggest that the
Helmeted Manakin is reproducing in mature and well-preserved gallery forest tracts. Gallery
forests are narrow stripes of riparian vegetation from the endangered Cerrado domain, and here
we demonstrated that even in these linear habitats, the Helmeted Manakin can seek for specific
portions for nesting. This is one of the few studies reporting nest-site selection in a Neotropical

forest-dwelling passerine.

Keywords: Birds, canopy cover, plant species, Cerrado, gallery forests, tropical forest,

Neotropics.
3.2. Introduction

Choosing nest-sites with specific characteristics is part of the reproductive strategies
of virtually all bird species (BLOCK; BRENNAN, 1993; JONES, 2001; MARTIN, 1988).
Nest-site selection can occur at different spatial scales, involving parameters such as proximity
to habitat borders, clearings, or water bodies (BURHANS; THOMPSON, 1999; MARTIN,
1988; MARTIN, 1993; NOSKE; MULYANI; LLOYD, 2013), and at smaller scales the types
of supporting plants and vegetation characteristics around nests (MARTIN; ROPER, 1988;
MARTIN, 1993; MEZQUIDA, 2004). Studies on nest-site selection can contribute to the
understanding of the reproductive tactics of the species and populations and reveal aspects of
their habitat requirements (CHALFOUN; MARTIN, 2009; MARTIN, 1993). Further, under a
conservation perspective, they contribute to the comprehension on how habitat changes can
affect the local populations (BISSON et al., 2002; DUQUETTE et al., 2019; KAASIKU et al.,

2019) and reveal habitat aspects that must be preserved or considered in restoration plans to
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maintain avian communities (DUQUETTE et al., 2019; HA et al., 2011; LOPES et al., 2018;
PERRELA; ZIMA; FRANCISCO, 2021; POIRAZIDIS et al., 2007).

The types of selected nest-site parameters are variable across species and habitats
(MARTIN 1993; POIRAZIDIS et al., 2007), and gathering knowledge for as many species as
possible is important for understanding the diversification of reproductive strategies within and
between bird groups, and in the future, it will permit to investigate if broad patterns of selected
characteristics can be draw for taxonomic groups or habitats. Although the neotropics
concentrates the biggest bird diversity on earth (JENKINS et al., 2013), not many works have
addressed nest site selection in this region, especially for forest-dwelling passerines (but see
HIDALGO et al., 2012; PERRELLA; ZIMA; FRANCISCO, 2020, 2021).

Manakins (family Pipridae) are small frugivorous birds commonly found in
Neotropical forests understory (KIRWAN; GREEN, 2011; SICK, 1997; SNOW; de JUANA,
2020). They are noticeable by their complex pre-nuptial displays, often carried out in pre-
defined arenas, and by the remarkable sexual dimorphism (DUVAL, 2007; FRANCISCO et al.,
2009; FOSTER, 1981, 1985; LOISELLE et al., 2007; MCDONALD, 1989). Males are
characterized by bright colors, mostly with contrasting patterns of black, blue, and red, and
females and immature individuals are generally olive green (KIRWAN; GREEN, 2011,
SNOW; de JUANA, 2020). While males are under strong sexual selection for mating access
(DUVAL, 2007; FRANCISCO et al., 2009; FOSTER, 1981, 1985; LOISELLE et al., 2007;
MCDONALD, 1989) the females alone are responsible for nest construction, incubation and
nestling provisioning (KIRWAN; GREEN, 2011; ZIMA et al., 2017; MARCAL; LOPES,
2019a, b). The genus Antilophia is represented by only two species that differ from the other
manakins for not performing their reproductive displays in collective arenas (MARCAL;
LOPES, 2019a). The Helmeted Manakin, Antilophia galeata, is distributed from central and
southeastern Brazil to northeast Bolivia and Paraguay (KIRWAN; GREEN, 2011; SICK, 1997;
SNOW; de JUANA, 2020). It is endemic to Cerrado biome and it is associated to forested
habitats (KIRWAN; GREEN, 2011; SILVA, 1997; SICK, 1997; MARINI; CAVALCANTI,
1997; SNOW; de JUANA, 2020), such as the gallery forests and Buritizais, that are typical
linear tropical forest formations that occur alongside watercourses. Eventually, A. galeata also
can be found in ecotones between Atlantic Forest and Cerrado areas (MARCAL; LOPES,
2019b). Itis locally and globally classified as Least Concern by IUCN Red List (IUCN, 2020),
but many local populations are vanishing due to habitat destruction (KIRWAN; GREEN, 2011).
They construct cup-shaped nests, attached at the rim to slender horizontal forks or parallel
branches of saplings or bushes from forest understory (MARINI, 1992a; MARINI et al., 1997;
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VON IHERING, 1900), and aspects of its breeding biology and nest placement were recently
provided, including supporting plants, nest height above ground, and supporting branch
diameters (MARCAL; LOPES, 2019b). However, nest-site selectivity was never addressed.
Here we investigated nest-site selection in a population of the Helmeted Manakin from
a gallery forest from S&o Paulo state, southeastern Brazil. Using mixed-effect generalized linear
modeling, we reveal that this passerine selected mature and well-preserved gallery forest tracks,
and that it strongly selects a specific plant species for nest construction, adding to the still

insipient knowledge on nest site selection of Neotropical forest birds.
3.3. Material and methods
3.3.1. Study area

Field work was carried out in an old-growth gallery forest located at the campus of
Sédo Carlos Federal University, in the city of Sdo Carlos, state of Sdo Paulo, southeastern Brazil
(21°58°37°" S, 47°52°18"" W). This gallery forest is distributed alongside a stretch of 2.6 km of
a narrow stream (Fig. 1), that varies from 50 to 100 cm in width and is about 30 to 50 cm in
depth, while the gallery forest varies from 44 to 120 m in width. The stream bifurcated in the
middle of the area, and for this reason the study area is Y-shaped. This gallery forest is
embedded within a mosaic of Cerrado vegetation, mainly the arboreal ‘’Cerraddo’’, at different
regeneration stages. Although the ecotones between the gallery forest and the Cerrado
formations were sharply demarked from the ground, they cannot be distinguished in the satellite
image (Fig. 1). The local climate is Cwa according to Koppen classification (warm climate with
dry winter) (ALVARES et al., 2013), and the annual average temperature is 21.5°C and annual
average rainfall is 1362 mm (EMBRAPA, 2020).
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Fig. 1: A) Location of the city of Sdo Carlos within S&o Paulo state, southeastern Brazil. B) Study area
at the campus of Sdo Carlos Federal University, depicting the stream along which the gallery forest is
distributed, as well as and nest-sites (green dots) and random sites within the gallery forest (pink
triangles) where variables were measured.

3.3.2. Field procedures

We searched for nests by crossing the entire gallery forest transversally every 30 m, in
such a way that the entire area was searched approximately every 20 days, from September to
February in 2019/2020 breeding season, which matches the breeding season of the species in
southeastern Brazil (MARCAL,; LOPES, 2019b), and from August to January in 2020/2021
breeding season. Nests were located by observing the females when they were carrying nest or
feeding materials, and mainly by thoroughly inspecting the vegetation (MARTIN; GEUPEL,
1993). When nests were found, geographical coordinates were recorded using a GPS (Garmin
Fénix 5). We collected data from active nests (in laying, incubation and nestling stages), and
also from inactive nests for which construction was complete and had no evidence of
deterioration (see also MARCAL; LOPES, 2019b). We are confident that the latter were
recently constructed nests that were depredated or fledged young before we could find them,
and that they still preserved the nest-site conditions chosen by the nesting females. This is
because nests of the Helmeted Manakin start to deteriorate only three to four weeks after
predation or fledging (personal observation), differently, for instance, from the nests of the Blue
Manakin, Chiroxiphia caudata, that stay in the wild in good conditions for up to two breeding

seasons in Atlantic Forest areas (ZIMA et al., 2017, 2021). Furthermore, A. galeata is actually
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the only Pipridae in the study area and for this reason, identification bias was unlikely.

In addition to the variables used in the nest site selection analysis (see below), for each
nest we identified the plant species used as nesting substrate and we estimated the percentage
of nest cover provided by leaves present right above nests (SLADECEK et al., 2014). The latter
was estimated by taking a picture with the camera positioned 20 cm above nest, pointed to the
center of the incubatory chamber. The pictures were checked in a photo editor for the visual
estimation of the percentage of the nest covered by the foliage from above, considering a
classification from 0 — 100%, at 10% intervals. To compare the percentage of nest cover
provided by leaves from M. nervosa and for other plants species, we subdivide the supporting
plants into two groups, 1) M. nervosa and 2) other plants species pooled together because of

the low representativeness of each species.
3.3.3. Nest-site selection

For nest-site selection analysis, at each nest-site and random site we measured nine
variables: distance from water, canopy cover, and at 3 m radius we measured: overall vegetation
density, vegetation density above nest (3 m), number of plants with DHB > 10 cm, number of
plants with DHB < 10 cm, number of jussara palm trees Euterpe edulis, number of arboreal
ferns Cyathea phalerata, and number of Miconia nervosa bushes.

Jussara palm (Euterpe edulis), found in Cerrado and Atlantic Forest biomes, is one of
the shade-tolerant understory species and can be a vegetal indicator of undisturbed areas
(MEDEIROS, TOREZAN, 2012; CASTELLO, COELHO, CARDOSO-LEITE, 2017). In
addition, it is typical of climax areas and it is a target to illegal extractive exploitation
(GALETTI; FERNANDEZ 1998), being endangered (VU). Numbers of individuals of E. edulis
was considered as variables because its presence may be associated to well-preserved forest
stretches.

Miconia nervosa occurs in the understory of forest habitats and is associated with
humid locations or watercourses (GOLDENBERG, 2009; MULLER et al., 2017, 2020;
REZENDE et al., 2014), being considered a shade-tolerant species, although its seeds and
seedlings withstand in sites with greater luminosity when water is available in the soil
(ELLISON et al., 1993; MULLER et al., 2020). The inclusion of numbers of M. nervosa as a
variable was adopted because it indicates humid and shaded stretches of the forest. Moreover,
since the beginning of the work this plant proved to be among the most commonly used for nest
construction, suggesting that they also could be a variable potentially selected by female

Helmeted Manakins. Although it was used to test the plant preference, the search for nests was
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not directed in Miconia bushes, but to all plants in the gallery forest.

Tree ferns, mainly from Cyatheaceae and Dicksoniaceae families, have slow growth
rate and they have been related to forest successional stages (CASTELLO, COELHO,
CARDOSO-LEITE, 2017). Cyathea phalerata is the most common fern of the study area, so
that specie was chosen as an environmental variable because the presence of high individuals
indicates mature forest stages. Theoretically, variables related to vegetation density may be
associated to nest concealment, while canopy closure, number of plants with DBH > 10 cm,
and the presence of E. edulis, M. nervosa and C. phalerata may be related to the levels of
maturation and conservation of the forest tracts.

For measurements, the nearest distance of each nest to forest stream was obtained with
a measuring tape, from nest border to stream edge. Canopy cover was obtained using a spherical
densitometer (Convex Model-A, Forest Suppliers, Jackson, Mississippi, USA), following the
manufacturer instructions. The observer (DLB) held the equipment at in four cardinal
directions, and the numbers of grids (maximum 96) of the mirror presenting light reflects were
counted. Then, these values were averaged and multiplied by 1.04. After that, we subtracted the
result from 100 to estimate the percentage of the canopy covered by vegetation (LEMMON,
1957).

Overall vegetation density was obtained by pointing a 3 m long rod horizontally from
nest border to the four cardinal directions, and also up and down, and vegetation density was
estimated as the sum of touches in the rod by vegetation (KILGO et al., 1996; MEZQUIDA,
2004; NORMENT, 1993). The number of touches in the rod above nest was also considered
separately as a variable because this component of vegetation can be selected independently of
overall vegetation density (e.g SALIVA; BURGER, 1989; KILGO et al., 1996). For counting
the numbers of plants with DBH > and < 10 cm in 3 m radius, only individuals that were at
least 1 m in height were considered.

Random points (n = 30) were drawn using QGIS 3.8.3 Software (QGIS Development
Team 2019). We used a shapefile of the area that included both gallery forest and Cerrado to
draw the random points, then, we checked these points from the ground and we considered for
the analysis only those that fell inside the gallery forest (Fig. 1). For vegetation density
estimates at these random points, we used the average height above ground obtained from the
first 26 nests we found (1.72 m) for positioning the rod (HOLWAY, 1991).
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3.3.4. Statistical analyses

The visual estimation of the percentage of nest cover provided by leaves right above
incubatory chamber of nests was compared between nests constructed in M. nervosa and nests
constructed in other plant species using t-test, performed in RStudio 1.1.423 (RStudio Team
2016). Mean = standard deviation is presented in results.

To investigate whether the addressed variables were involved in nest-site selection, we
compared nest-sites with random sites using a Mixed-effect Generalized Linear Model
(GLMM) with binomial distribution and logit-link function. Modeling was performed using the
R-package Ime4 (BATES et al., 2015) with nest sites coded as 1 and random points coded as 0.
Prior to modeling, all of the variables were Z-score transformed and we tested for correlation
between variables using the Pearson Correlation test implemented in the R-package corrplot.
We considered variables as correlated when r > 0.6, and variables with less capacity to explain
the data were removed from the analysis. As our dataset was collected during two different
breeding seasons, ‘’year’” was considered as a random-effect term. Model parameter estimates
and their standard errors (SE) are reported, and Z-tests were carried out to test the importance
of each variable within the model. All of the analyses were performed in RStudio 1.1.423
(RStudio Team 2016), adopting an alpha threshold of P < 0.05. Measurements of all numerical
variables are presented as means + standard deviation (SD), and range. For the graphical
representation of nesting plant preference, we constructed matrixes with the relative frequencies
of the plant species used for nest construction using bipartite R-package, and Inkscape software

for image edition.

3.4. Results

We analyzed a total of 46 nests (16 active and 30 inactive), being 26 found in
2019/2020 breeding season, and 20 nests found in 2020/2021 breeding season. Nests were
invariably constructed in bushes and saplings from forest understory. Most nests were placed
at M. nervosa bushes (50%), but 13 other plant species were also used, of which 12 could be
identified: Pseudolmedia laevigata (10.87%), Morphotype 1 (8.70%), Geissanthus ambiguous
(6.52%), Endlicheria sp. (4.35%), Endlicheria paniculata (2.17%), Geonoma gamiova
(2.17%), Guarea guidona (2.17%), Guarea kunthiana (2.17%), Magnolia ovata (2.17%),
Pachystroma longifolium (2.17%), Piper amalago (2.17%), Psychotria vellosiana (2.17%), and

Palicourea marcgravii (2.17%) (Fig. 2). Nests constructed at M. nervosa bushes had
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significantly higher percentages of cover by leaves present right above nests (36.09 * 43.14;
Range = 0 — 100) than those constructed in other plant species (8.70 = 17.14; Range = 0 — 50)
(t=2.83, p=0.007) (Fig. 3).

Values for the nine variables compared between nest-sites and random sites are
evidenced in table 1. None of the Z-transformed variables were correlated, and proving to be
independent one from another (Appendix 1). The GLMM modeling revealed that three of the
addressed variables were significantly correlated to nest presence: number of M. nervosa

individuals, canopy cover, and number of jussara palms (Table 2).
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Fig. 2: Graphical representation of the preference for Miconia nervosa bushes for nest construction by
female Helmeted Manakins in a gallery forest from southeastern Brazil. The lengths of the bottom bars
(gray) indicate the frequencies of use of each of the plant species: P. laevigata (2), Morphotype 1 (3),
G. ambiguous (4), Endlicheria sp. (5), E. paniculata (6), G. gamiova (7), G. Guidonia (8), G. kunthiana
(9), M. ovata (10), P. longifolium (11), P. amalago (12), P. vellosiana (13), and P. marcgravii (14).
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Miconia nervosa, containing
two eggs. B) The same nest with the incubating female. In both images, the cover provided by the large
leaves of M. nervosa are evidenced. Pictures by Défini L. Bruno.

Table 1. Average, standard deviation (SD), and ranges of values (in parentheses) obtained for a set of
nine variables used to compare nest sites (n = 46) of the Helmeted Manakin, and random sites (n = 30).

Variables Nest-sites Random sites
Distance from water (m) 14.70 £ 14.21 28.79 + 28.14
(0—-57) (1.7 - 115)
Canopy cover (%) 66.76 + 8.27 55.46 + 13.66
(48.52 -84.92) (31.88-81.02)
Vegetation density at 3 m radius 20.39 £ 7.93 14.63 £ 8.80
(2-42) (1-44)
Vegetation density above nest 3.72+£1.93 3.50 £ 2.57
0-9) (0-18)
Number of plants with DBH >10 ¢cm at 3 m radius 257 £1.68 2.80+1.92
0-7) (0-6)
Number of plants with DBH<10 cm at 3 m radius 50.37 + 14.01 53.10 + 25.65
(30—105) (0-111)
Number of E. edulis at 3 m radius 12.02 £ 6.61 4.80£8.70
(0-28) (0-38)
Number of M. nervosa bushes at 3 m radius 528 +5.71 0.57+1.70
(0-22) (0-9)
Number of C. phalerata at 3 m radius 1.43+2.34 2.07 £2.59

(0-12) (0-8)
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Table 2: Results of GLMM modeling used to compare a set of environmental parameters between
Helmeted manakin nests-sites and random points. For each variable we present: parameter estimated
value (Estimate), Standard Error (SE), value of the Z-test used to address whether the variable has
differed significantly from zero (Z-value), and its significance (p-value).

Variables Estimate SE Z-value p-value
(Intercept) 1.15919 0.54483 2.128 0.0334
Distance from water -0.99131 0.67066 -1.478  0.1394
Canopy cover* 1.20569 0.50249 2.399 0.0164
Vegetation density at 3m radius 0.71776  0.47230 1.520 0.1286
Vegetation density above nest 0.29944  0.46702 0.641 0.5214
Number of plants DBH >10 -0.14616 0.42306 -0.345  0.7297
Number of plants DBH<10 -0.08519 0.37116 -0.230  0.8185
Number of E. edulis at 3 m radius* 1.13464 0.54837 2.069 0.0385
Number of M. nervosa bushes at 3m radius* 2.36094 0.93012 2.538 0.0111
Number of C. phalerata at 3 m radius 0.03233 0.37335 0.087 0.9310

*Variables significantly correlated to nest presence.

3.5. Discussion

Our data revealed that Helmeted Manakin females selected multiple independent
habitat parameters for nest-site choice. The strong association between the availability of M.
nervosa bushes and nest presence suggested that these plants were not evenly distributed
throughout the gallery forest, and that they were searched by Helmeted Manakins for nest
construction. For the congener Araripe Manakin, A. bokermanni, twenty-two plant species were
identified as nest support, in a humid forest formation surrounded by the xeric Caatinga biome
from Ceara state, northeastern Brazil, being Psychotria colorata (Rubiaceae), Hirtella
glandulosa (Chrysobalanaceae), and Henriettea succosa (Melastomataceae) the most
frequently used ones (LINHARES et al., 2010; GAIOTTI et al., 2019). Although species of
Miconia also have been reported as nest support in the above study, they were little used. Four
plant species were identified as nest support for another Helmeted Manakin population from an
ecotone between Cerrado and Atlantic Forest from Minas Gerais state, southeastern Brazil, but
the use of Miconia was not reported (MARCAL; LOPES, 2019b). As comparative analyses
between nest- and random-sites were not performed in these previous works, we are unaware
if miconias were less used by the Araripe Manakin and by the other studied population of the

Helmeted Manakin because they were less abundant in the study areas or if selection for this



28

type of plant is a specific characteristic of the population we studied. Potential explanations for
the choice of M. nervosa as nest supporting plant are the abundance of horizontal forks with
slight branches that are adequate for nest construction, and the increased nest cover provided
by the large leaves of this plant (see Results). Of the plant species used as nest support in our
study area, M. nervosa is among those with the biggest leaves (personal observation), which
theoretically could provide increased protection against visually-oriented predators coming
from above, and also against rain, which should be tested in future works. Furthermore, fruits
of Miconia spp. are often consumed by Helmeted Manakins (MARINI, 1992b), and ripening of
the fruits of M. nervosa occurs from April to December (REZENDE et al., 2014, MULLER et
al., 2017), overlapping the Helmeted Manakin breeding season. Then, we also do not discard
the possibility that proximity to food supply could be another explanation for the choice of M.
nervosa bushes for nest construction.

Comparisons between nest- and random sites based on 12 vegetation parameters were
performed for two manakin species from lowland forests of Ecuador, Blue-crowned,
Lepidothrix coronata, and Wire-tailed Manakins, Pipra filicauda (HIDALGO et al., 2012).
Although Discriminant Analyses revealed that these species have diverged in nest-site
characteristics, and both have selected non-random sites for nest construction, the parameters
that led to the divergences were not exploited and specified. For the Blue Manakin, Chiroxiphia
caudata, females selected stream borders for nest construction and they chose nesting branches
with increased vegetation density in a well-preserved Atlantic Forest area from southeastern
Brazil (PERRELLA; ZIMA; FRANCISCO, 2020). None of these parameters were significant
in our studied population of the Helmeted Manakin, corroborating the findings of Hidalgo et al.
(2012) that manakin species can diverge in the selected nest-site characteristics. For the Blue
Manakin, nest construction near water was associated to the Aquaphobic Nest Predator
Hypothesis that nesting near water provides protection against predators that are reluctant to
swim (PERRELLA; ZIMA; FRANCISCO, 2020). Our findings, however, suggest that this
strategy may not be present in our study population, which could be explained by divergences
in nest predator types from different areas, or because the stream from our study area was too
small to provide antipredatory protection (see PERRELLA; ZIMA; FRANCISCO, 2020; 2021).

Helmeted Manakins can often be seem foraging in forest borders or leaving the
forested areas to feed on fruits from the opener Cerrado vegetation (FERREIRA;
CAVALCANTI, 2005; MOTTA-JUNIOR, 1990), but our findings demonstrated that they
select the most shadowed portions of the gallery forests when it regards to nesting sites.

The positive correlation between canopy cover and nest presence probability
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suggested that female Helmeted Manakins avoided the natural forest gaps present in the study
area, meaning that they also could avoid gaps created by logging in managed areas, for instance.
Light intensity is known to affect the risks of nest predation by visually-oriented predators
(PERRELLA; ZIMA; FRANCISCO, 2020; REIDY, 2009), and for the Blue Manakin, canopy
cover was positively correlated to nest daily survival rate (PERRELLA; ZIMA; FRANCISCO,
2020). However, differently from the Helmeted Manakin, the Blue Manakin did not select nest
sites with greater canopy cover. For the Helmeted Manakin, we confirmed the identity of at
least two diurnal and visually-oriented nest predators with the use of camera traps, the Plush-
crested Jay Cyanocorax chrysops, and the Black-fronted titi Callicebus nigrifrons (unpublished
data), suggesting that the search for less illuminated areas can be an anti-predatory strategy.

The avoidance of clearings for nest site choice, and the selection for a plant species
typical of humid forest understory as nest support, M. nervosa, revealed a significant level of
selection for humid and shaded areas for nest construction. Although jussara palm trees were
not used for nest construction, the positive correlation between the presence of this plant and
the probability of nest occurrence may be because jussara trees are also associated to mature
and well-preserved tracts of gallery forests, as it is one the most vulnerable plants to illegal
logging in Brazil (GALETTI; FERNANDEZ, 1998).

The Helmeted Manakin was also proved to reproduce in atypical habitats, i.e. in a
secondary semideciduous Atlantic Forest fragment where Miconia spp., and Euterpe edulis
were absent (MARCAL; LOPES, 2019). Although it can suggest a certain level of reproductive
plasticity, we are unaware of whether there could be nest survival costs associated to nesting in
disturbed habitats.

Gallery forests are naturally narrow stripes of riparian vegetation from the Cerrado
domain, and here we demonstrated that even in these linear habitats, the Helmeted Manakin
can seek for specific portions for nesting. The Cerrado biome is one of the most threatened on
the planet (COLLI et al., 2020), and future researches must address how the absence of areas
in good conditions can affect the nest-site selection and reproductive success of the Helmeted
Manakin and of other gallery forest species, many of which endangered, revealing to decision-

makers the importance of preserving forest tracts along the streams of this biome.
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Values of Pearson correlation coefficients contrasted between nine environmental parameters measured in nest sites of the Helmeted Manakin, and

at random sites.

DHB <10 water  density  density above DHB>10 ferns palmheart  canopy cover Miconias
DHB <10 1
water 0.029 1
density 0.052 0.076 1
density above 0.25 0.21 0.47 1
DHB > 10 -0.15 -0.024 -0.26 -0.13 1
ferns 0.025 -0.23 -0.1 -0.029 0.25 1
palm heart -0.15 -0.25 0.13 -0.076 0.11 -0.18 1
canopy cover 0.043 -0.31 0.17 0.084 -0.036 -0.14 0.034 1
Miconias -0.1 -0.067 0.071 -0.15 -0.0016 -0.12 0.19 0.2 1
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4 CONSIDERACOES FINAIS

As fémeas do soldadinho, A. galeata, demonstraram buscar e selecionar diferentes
variaveis independentes do habitat para definir os locais de construgdo dos ninhos. Dentre as
variaveis selecionadas estd o uso de Miconia nervosa como planta suporte, possivelmente em
razdo deste arbusto apresentar caracteristicas morfoldgicas que poderiam conferir beneficios
contra a predacdo de ninhos, protecdo contra a chuva ou mesmo por oferecer recursos
alimentares.

O soldadinho pode utilizar as areas mais secas de Cerrado, bem como as bordas da
floresta de galeria para outras atividades, como alimentagdo, entretanto nossos resultados
demonstraram que em nossa area de estudo a espécie nidifica somente no interior da mata de
galeria, em locais menos iluminados, umidos e nos trechos melhor conservados. O presente
estudo adiciona informacGes inéditas sobre a biologia reprodutiva de A. galeata e complementa
as informagdes sobre a sele¢do dos pardmetros do ambiente por espécies Neotropicais, além de
contribuir com o conhecimento reprodutivo de aves de ambientes florestais.

Futuros estudos permitirdo avaliar se os pardmetros selecionados para escolha dos
locais de nidificacdo podem variar entre os diferentes tipos de habitats de ocorréncia da espécie
e entre areas com diferentes graus de deterioracdo da vegetacdo. Além disso, estudos
envolvendo taxas comparativas de predacdo dos ninhos permitirdo testar hipoteses sobre a
adaptabilidade da selecdo destes parametros e sobre como o sucesso reprodutivo podera ser

afetado pela auséncia de areas de florestas bem preservadas.
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