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Resumo

O planeta esta passando por um novo processo de extincdo em massa, mas diferente das
anteriores, o principal responsavel € o homem. Muitas espécies foram extintas sem ao
menos conhecermos um pouco da sua historia natural. O mutum-piuri (Crax globulosa)
pertence a familia Cracidae, uma das mais ameagadas do NeotrOpico com poucos
estudos na area de genética e/ou ecologia. A espécie esta ameacada de extincdo, com a
caca, perda do habitat e baixa densidade populacional sendo os principais responsaveis.
Nesse trabalho realizamos estudos avaliando a diversidade genética, estrutura
populacional, tamanho efetivo populacional de cinco populagfes (quatro no Brasil e
uma no Peru), com genes mitocondriais ND2 e ND5 e marcadores nucleares SNPs.
Verificamos o tamanho da area de vida e selecdo de habitat utilizando a técnica de
telemetria VHF e pesquisamos a biologia reprodutiva da espécie no médio rio Jurua. O
objetivo foi analisar se a espécie passa por uma reducdo na sua variabilidade genética,
se as diferentes populacdes podem ser tratadas de forma distinta em futuras estratégias
de manejo e se a escolha por determinado habitat aumenta o risco de extincdo da
espécie. Os resultados dos genes mitocondriais mostram que as populacfes possuem
uma alta diversidade haplotipica, com trés principais grupos bioldgicos, que a
populacdo do Peru ndo compartilha hapléticos com as populagdes do Brasil e que o
indice Fst mostrou uma alta estruturacdo populacional. Os marcadores nucleares
também mostraram uma diversidade genética média e as populacdes mostraram possuir
seis grupos bioldgicos. O tamanho médio da area de vida foi de 283 ha, com uma
selecdo por habitats proximos a agua e que alagam pelo menos de 6-8 meses ao ano,
permanecendo sempre em floresta de varzea. A espécie se reproduz na época da seca
(julho-setembro), construindo ninhos proximos a agua. Devido a sua selecdo por
habitats préximo a corpos d’agua na floresta de varzea, a espécie corre uma dupla
ameaca, pois esses locais sdo 0s primeiros a serem desmatados e a espécie fica mais
susceptivel a caga, pelo fato desses locais serem muito utilizados pelos ribeirinhos. Uma
das alternativas para a diminuicdo dessas ameagas € a criacdo de reservas de protecdo
integral na area de distribuicdo de Crax globulosa, além da educacdo ambiental, com
objetivo de mostrar a populacdo local a importancia da especie para 0 meio ambiente e
para 0 homem. No que diz respeito a0 manejo genético, é recomendado tratar as
populagdes principalmente do Brasil e Peru de maneira distinta, pois apresentaram uma

estruturacdo genética alta e ndo compartilhamento de haplétipos.
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Abstract

To know is to conserve: Crax globulosa (Aves: Cracidae), from

population genetics to habitat selection

The planet is currently undergoing a new period of mass extinction, which differs from
all previous events. This time the main culprit is man, with many species becoming
extinct without even having been named and with little knowledge of their natural
history. The Wattled Curassow (Crax globulosa) belongs to the Cracidae, one of the
most endangered bird families of the Neotropics, with few genetic or ecological studies,
particularly in Brazil. The species is Endangered, with hunting, habitat loss and low
population density largely responsible for this status. This thesis describes studies that
evaluated the genetic diversity, population structure, and effective population size of
five populations of Wattled Curassow (four in Brazil and one in Peru), using
mitochondrial genes (ND2 and ND5) and nuclear markers (SNPs). For the population
along the mid-Jurué river, home range size and habitat selection were verified using
VHF telemetry, and the reproductive biology of the species was also investigated. The
aim was to analyze whether Wattled Curassow is undergoing a reduction in its genetic
variability, if the different populations can be treated as a single unit for future
management strategies, and if habitat preferences may pose a particular conservation
risk. Results from the mitochondrial genes show that populations have a high haplotype
diversity, with three main biological groups; the Peruvian population does not share
haplotics with populations in Brazil and the Fst index showed high population structure.
Nuclear markers showed low genetic diversity, but populations showed to have six
biological groups. The average home range area was 283 ha, with habitat preference for
areas close to permanent water bodies and lowland forest that is seasonally flooded for
at least five to eight months a year. Wattled Curassow reproduces in the dry season
(July-September), when they build nests near to the water. Due to this selection of
lowland forest habitats near to permanent water bodies, Wattled Curassow is placed in a
clear case of double jeopardy since these sites are typically the most at risk to
deforestation and the most susceptible to hunting pressure, since the banks of rivers,
streams and lakes are heavily used by local people. Recommendations from this thesis
include iniatives to reduce hunting pressure and habitat loss within the range of Wattled

Curassow, such as adequate protection of preferred habitat and environmental education



to demonstrate their ecological importance. The high level of genetic structuring and
lack of haplotype sharing also indicate that the genetic management of populations from
Brazil and Peru should be conducted separately.
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existentes. Fonte: [UCN (2017).
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Figure 1. Main places where Crax globulosa nests (bullets) were found in tributaries of
the Jurua River. Flooded environments (varzea and paleo floodplains) are near the river
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Figure 2. Nest #2 built in the fork, with two eggs

Figure 3. Nest #5 built in Aechemea sp. post-predation.
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Macaco.

Capitulo 2

Figure 1. Study area in the Middle Jurua region of western Brazilian Amazonia,
showing the forest and non-forest floodplain categories distinguished on the basis of
ALOS ScanSAR images. Black-white line represents the 100% Minimum Convex
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Figure 2. Home range size of the three monitored individuals of Crax globulosa in the
study area, using the estimator (A) Minimum Convex Polygon (95% MCP), (B) Fixed
Kernel (95% FK), (C) Brownian Bridge Movement Model (BBMM 95%), (D) Adaptive
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Figure 3. Density plot showing the distribution of records during the dry (black) and
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Introducio Geral

Nos ultimos 500 anos os seres humanos desencadearam uma onda de extingao,
ameaga ¢ declinio de populagdes locais, comparaveis em magnitude com as cinco
anteriores extingdes em massa da historia da Terra (Barnosky et al., 2011). Semelhante
aos outros eventos de extingao, os efeitos da "Sexta extingao" se estendem a diferentes
grupos taxondmicos, com alguns grupos e regides particularmente afetados (e.g.,
espécies que habitam apenas ilhas) (Cardillo et al., 2008).

O processo de redugao das populagdes e extingao, conhecido como “Defaunagao
do Antropoceno”, afetou e estd afetando populacdes de animais de todo o planeta (Dirzo
et al., 2014). Estima-se que mais de 300 espécies de vertebrados terrestres tenham sido
extintas desde o ano 1500, e que as populagdes restantes mostram em média 25% de
declinio na sua abundancia (Dirzo et al., 2014). Dentre as aves, cerca de 150 espécies
foram extintas e centenas de espécies passaram a estar a beira da extingdo (BirdLife
Internacional 2017a). Muitas dessas espécies foram extintas sem ao menos conhecermos
sobre seus requerimentos ecoldgicos, tais como: reproducdo, alimentacdo e uso do
habitat.

Um exemplo recente no Brasil ¢ a espécie Cichlocolaptes mazarbarnetti, um
furnarideo da mata atlantica nordestina descrito em 2014. Embora esteja inserido na
categoria “Criticamente Ameacado” segundo a IUCN (2017), a espécie pode ser
considerada como provavelmente extinta, devido principalmente a perda de cerca de
95% do habitat (del Hoyo 2017; Mazar-Barnett e Buzzetti 2014; Pereira et al., 2014). A
espécie ¢ conhecida em apenas duas localidades, com informacdes detalhadas apenas
sobre sua vocalizacao (del Hoyo et al, 2017). Portanto, conhecer melhor as espécies
ameacadas antes que sejam extintas, e se possivel criar programas para sua conservagao,

¢ de extrema importancia para que muitos processos ecologicos ndo sejam afetados.

Conservacio da Avifauna Brasileira

Atualmente sdo conhecidas no Brasil cerca de 1.919 espécies de aves (277
endémicas), distribuidas nos mais diversos ambientes (Piacentini et al., 2015). A lista de
espécies ameacadas dentro do territdrio nacional pode conter divergéncias, devido a
falta de critérios e consenso na definicdo dos tdxons ameacados, gerando listas com
numeros de espécies diferentes (Silveira e Straube 2008; MMA 2014; ITUCN 2017).
Dados atuais da BirdLife Internacional (2017b) revelam que 169 espécies ocorrentes no

Brasil passam por algum tipo de ameacga, o que o torna lider mundial em espécies



ameacadas (seguido pela Indonésia, Peru e China). Por outro lado, na tltima lista de
espécies ameacgadas publicada pelo MMA (2014) esse nimero sobe para 233 tdxons
ameacados.

No Brasil, apenas uma espécie (Pauxi mitu) ¢ considerada extinta da natureza,
existindo ainda entre duas a seis espécies consideradas praticamente extintas da
natureza (MMA 2014; IUCN 2017). No bioma Amazonico, apesar de considerado baixo
o numero de espécies ameagadas (40 espécies) em relacdo ao numero de espécies da
Mata Atlantica (mais de 100 espécies), esse nimero vem aumentando a cada década
(Marini e Garcia 2005, Silveira e Straube 2008, IUCN 2017). As quatro categorias de
ameaga aqui consideradas (i.e., Vulneravel, Em Perigo, Criticamente em Perigo de
extingdo e Extinto da Natureza) sdo definidas através de critérios que incluem: a taxa de
declinio da populagdo (entendida como o nimero de individuos por espécie), o tamanho
e distribui¢do da populacdo, a area de distribuicdo geografica e o grau de fragmentacao
(IUCN 2017).

A extingdo das espécies de maneira geral interfere em muitos processos, tal
como a regeneracdo florestal, j& que muitas espécies atuam como dispersoras de
sementes, o que influencia no recrutamento de novas plantulas (Wright 2003). Um
exemplo classico sdo as espécies da familia Cracidae (Ordem Galliformes) que
contribuem em varios processos ecoldgicos, por apresentarem dieta muitas vezes
composta por frutos e sementes de tamanhos variados, flores e/ou folhas, além de
invertebrados (Brooks e Strahl 2000; Brooks 2006; Silveira e Straube 2008; del Hoyo
2017). O grupo compde uma parte significativa da biomassa de vertebrados nos habitats
onde vivem, e por serem bastante visados e suscetiveis a caca e a perda de habitat,
estdo passando por um processo de declinio populacional muito rapido (Collar et al.,
1997; IBAMA 2004; del Hoyo 2017). Se a caca e a perda de habitat reduzem as
populagdes de cracideos existentes, os processos ecologicos desenvolvidos pelas
espécies do grupo sao consequentemente afetados (Collar ef al., 1992; Petchey e Gaston
2002). Estudos indicam que tais espécies apresentam baixa taxa de recuperacdo da
populacdo e ndo toleram altos niveis de caga continua (Begazo e Bodmer 1998; Barrio
2011).

Dentre os 50 taxons distribuidos na familia Cracidae, 32% sdo considerados
ameacados de extin¢do. Sua distribuicao abrange desde o sul do Texas (EUA) até a
regido do delta do Rio Parand, entre a Argentina e Uruguai (Brooks 2006; del Hoyo
2017; TUCN 2017). Sdo conhecidas no Brasil 22 espécies, sendo 12 destas espécies



consideradas ameagadas de extingdo segundo a [UCN (2017) e MMA (2014) (apesar do
segundo o6rgdo considerar trés diferentes subespécies; Tabela 1). Poucos estudos existem
atualmente em relacdo a ecologia e genética de populagdes destas 12 espécies, tanto
para as espécies endémicas do Brasil, quanto para as espécies distribuidas fora do

territorio brasileiro (Tabela 1).



Tabela 1. Espécies da familia Cracidae ameagadas de extingdo no Brasil, segundo UICN (2017) e MMA (2014). Pesquisas publicadas com as
espécies em: Gen. Pop. = Genética de Populagdes, Est. Pop. =Estimativa populacional, Bio. Rep.= Biologia Reprodutiva, Area vida/Sel Hab=

Area de vida ou selecdo do habitat. B= Brasil, F= Fora do Brasil. N/O= N#o ocorre fora do Brasil. X=Presente tese.

Categoria Ameaca Gen. Pop. Est. Pop. Bio. Rep. Dieta Area Vida/Sel. Hab. Distribuicdo
Espécie IUCN MMA B F B F B F B F B F B F
Crax globulosa EN EN X 1*,2 3,X 4.5 6 - X - X 7 X -
Crax alector VU - - - 8 - - - 9,10 - 11 - 12
Crax blumenbachii EN CR 13* N/O 14 N/O 15 N/O - N/O 16 N/O 17 N/O
Crax fasciolata VU 18 - 19 - - - - - - - - -
Crax fasciolata pinima CR - N/O - N/O - N/O - N/O - N/O - N/O
Crax pinima CR - N/O - N/O - N/O - N/O - N/O - N/O
Pauxi mitu EW EW 20* N/O - N/O - N/O - N/O - N/O 21 N/O
Penelope jacucaca VU VU - N/O - N/O - N/O 22 N/O - N/O - N/O
Penelope ochrogaster VU VU - - - - - - - - - - - -
Penelope pileata VU VU - N/O - N/O - N/O - N/O - N/O - N/O
Penelope superciliaris alagoensis CR - N/O - N/O - N/O - N/O - N/O - N/O
Aburria jacutinga EN EN 23%* - 24 - - - 25 - - - 26 27
Ortalis guttata remota CR - N/O - N/O - N/O - N/O - N/O - N/O

* Populagao de cativeiro.

1= Hughes e Larson 2000, 2= Alvarez-Prada e Ruiz-Garcia 2015, 3= Haugaasen e Peres 2008, 4= Hill et al., 2008, 5= Alarcon-Nieto e Palacios 2008, 6=Leite et al., 2017, 7=
Luna-Maira et al., 2013, 8= Thiollay 1994, 9= Erard ef al., 1991, 10= Jiménez et al., 2001, 11= Denis et al., 2016,12= Samuels ef al., 2014, 13= Diegues 2011, 14= Alves et
al., 2015, 15= Teixeira e Snow 1982, 16= Bernardo et al., 2011, 17=Pacheco 2013, 18= Pereira ¢ Wajntal 2001, 19= Desbiez e Sao Bernardo 2011, 20= Grau et al., 2003, 21=
Silveira et al., 2004, 22= Valtuille 2016, 23= Oliveira Junior 2012, 24= Guix et al., 1997, 25= Galetti et al, 1997, 26= Guix 1997, 27= Bodrati e Cockle 2006.



O mutum-piuri (Crax globulosa)

A familia Cracidae ¢ formada por espécies de aves florestais de grande porte (mutuns,
jacutingas, jacus, aracuans), e representa uma das familias mais ameacadas de extingdao na regiao
Neotropical (Brooks 2006). O mutum, Crax globulosa (Figura 1), apresenta entre 82 a 89 cm e pode
pesar até 3kg. O macho ¢ caracterizado pelo grande desenvolvimento de uma carincula globulosa
vermelha na base da maxila e dois 16bulos da mesma cor na base da mandibula. A fémea ndo
apresenta esses globulos no bico, tem calgdes e abdomen ferrugineo (machos sdao brancos) (Sick

1997; Haugaasen e Peres 2008).

Figura 1. Macho de Crax globulosa. Fonte: WorldBird.net

Conhecida popularmente como mutum-piuri, Crax globulosa é uma espécie endémica da
bacia Amazodnica centro-oeste, e ocorre exclusivamente em florestas de varzea e em ilhas
sazonalmente inundadas por rios de agua branca no Brasil, Colombia, Equador, Peru e Bolivia
(Figura 2) (Bennett 2000; Aranibar-Rojas 2006; Haugaasen e¢ Peres 2008). Apesar da ampla
distribuicao geografica, as populagdes sdo descontinuas e subpopulagdes sao geralmente limitadas a
menos de 250 individuos (Aranibar-Rojas 2006). Uma populagdo remota pouco conhecida ja foi
registrada no sul da Colombia na ilha Mocagua no Rio Amazonas (Bennett 2000; Bennett e Franco-
Maya 2002), e em varias ilhas do rio Caqueta perto da fronteira com o Brasil (Bennett 2000;
Alarcon-Nieto e Palacios 2005; Luna-Maira et al, 2013). A espécie foi também comumente
registrada anteriormente no Rio Apaporis, proximo ao Parque Nacional Chiriquibete (Colombia), e
atualmente ¢ considerada extinta localmente (BirdLife Internacional 2017). Na Bolivia, a estimativa

populacional ¢ de 150 individuos, com densidade de 3,4 individuos/km? (Hill et al., 2008).
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Figura 2. Distribuicdo de Crax globulosa na regido Amazonica. As localidades indicadas por
poligonos vermelhos sdo locais onde a espécie era conhecida e atualmente considerada extinta; as
demais localidades em verde sdo locais de registros conhecidos para as populagdes ainda existentes.

Fonte: [UCN (2017).

No Brasil, Crax globulosa ocorre em cinco localidades disjuntas, sendo trés localidades bem
conhecidas: médio Rio Jurud, Reserva de Desenvolvimento Sustentavel (RDS) Mamiraua (Santos
1998), e jun¢do entre o Rio Solimdes e Rio Purus. A espécie foi registrada na ultima localidade com
alta abundancia (0,56 individuos/km?), dentro de uma pequena area de floresta de varzea
(Haugaasen e Peres 2008). Segundo a BirdLife Internacional (2017), a RDS Mamiraua ¢
considerada a localidade mais importante com uma populagdo estimada em mais de 250 individuos.

Por ser composta de populacdes muito pequenas, em adi¢do a estimativa de rapido declinio
populacional, a espécie € considerada ameacgada de extingao (BirdLife Internacional 2017). A caga ¢
a principal suspeita da causa do declinio, e um controle eficaz ¢ urgentemente necessario. A espécie
pode passar para a categoria “Criticamente Ameacada” em um futuro breve, uma vez que
informagdes sugerem declinio populacional maior do que o estimado (Santos 1998; Hennessey
1999; Bennett 2000). Adicionalmente, ocorre a perda de habitat apropriado para a espécie, 30,5 %
do habitat dentro de sua area de distribuicao ao longo de trés geragdes (35 anos), com base em um
modelo de desmatamento na Amazonia (Soares-Filho et al., 2006; Bird et al., 2011).

Residente de florestas de varzeas e ilhas fluviais durante o ano inteiro (Begazo 1997; Santos



1998; Bennett 2000; Alarcon-Nieto e Palacios 2005), apresenta distribuigdo desigual nas areas de
floresta de varzea (Begazo 1997), principalmente pela restrigdo de agua durante a estagdo da seca
(Hill et al., 2008). Diferente de outras espécies de mutuns, Crax globulosa utiliza o estrato arboreo
devido a falta de terra firme na floresta de varzea na estacdo chuvosa (Santos 1998; Bennett 2003).
Uma observagao distinta foi realizada em ilhas fluviais na Colombia, onde individuos foram
avistados no chdo da floresta durante a estacdo da seca — quando a area de terra firme aumenta
consideravelmente (Hill ez al., 2008; Luna-Maira et al., 2013). No entanto, a maioria dos estudos
sobre o uso de habitat baseiam-se em observagdes empiricas, resultando em uma lacuna de
conhecimento (Bennett 2000).

Os individuos da espécie costumam forragear em pequenos grupos em terreno inundado.
Alimentam-se de frutas, sementes, insetos, crustaceos aquaticos e pequenos vertebrados (Hennessey
1999; Bennett 2000). Durante a estagdo da seca a espécie estd intimamente ligada a dgua, podendo
permanecer entre 300 metros a até¢ 3 km de distancia do rio (Hill et al., 2008; Luna-Maira et al.,
2013). Na estacdo chuvosa, podem possivelmente migrar da area de varzea para a floresta de terra
firme, onde se alimentam de frutos e sementes da copa das arvores (Bennett 2000; Luna-Maira et
al., 2013). Informagdes sobre a reproducdo da espécie sao também escassos, existindo apenas
relatos de filhotes encontrados em diferentes épocas do ano, sem detalhes sobre os ninhos ou
tamanhos de ninhada (Bennett 2000; Luna-Maira et al., 2013). Apenas recentemente, um estudo
mostrou que a espécie constroi ninhos durante a estacdo seca, em arvores proximas a agua em
florestas de varzea e tamanho da ninhada de dois ovos (Leite et al., 2017).

No ambito da genética de populagdes, existem atualmente dois estudos com Crax globulosa.
O primeiro trabalho foi realizado com uma populacao de cativeiro nos EUA, onde os autores
desenvolveram cinco microssatélites para a espécie e verificaram a heterozigosidade genética dos
individuos (Hughes e Larson 2000). O segundo estudo utilizou o gene mitocondrial ND2 e os cinco
marcadores microssatélites desenvolvidos para a espécie e verificou alta heterozigosidade e falta de
estruturagdo entre as populacdes estudadas no Peru e Colombia, (Alvarez-Prada e Ruiz-Garcia
2015). No Brasil, onde se concentra possivelmente as maiores populagdes da espécie, até o
momento ndo existiam estudos relacionados a genética de populacdes.

Crax globulosa nos ultimos anos teve sua populagdo reduzida muito pela agdo da caga e a
perda do habitat, no que fez em 2010 seu status passar de “Vulneravel” para “Em Perigo de
extingdo” (BirdLife Internacional 2017). Estudos com sua biologia ainda sdo escassos, os principais
envolvem censos populacionais na Coldmbia e Bolivia (Hill ef al., 2008, Luna-Maira et al., 2013),
porém ambos trabalhos foram realizados na estagdo da seca, sem conhecimento do que ocorre com
a espécie na estacdo da cheia. Além disso, informacdes sobre sua biologia reprodutiva sao

inexistentes, apenas com relatos de encontro de filhotes fora do ninho.



Adicionalmente, o nivel de variabilidade e estrutura genética das populagdes da espécie foi
muito pouco acessada, sendo um aspecto muito relevante, ja que as populagdes estdo fragmentadas.
O conhecimento da estrutura e niveis de variabilidade genética sdo importantes dados para futuros
planos de conservagao e manejo da espécie, uma vez que a reducdo do numero de individuos pode
afetar os niveis de variabilidade genética dessas populagdes, podendo causar danos irreversiveis

para a manutencao da espécie no futuro.



Objetivo Geral
A presente tese tem como objetivo principal avaliar a genética das populacdes, a area de
vida, a selecdo de habitat e a biologia reprodutiva de Crax globulosa. E ainda, verificar quais sdo as

ameacas as populagdes e sugerir estratégias para 0 manejo € conservagao da espécie.

Objetivos Especificos

- Verificar os niveis de variabilidade e estruturacdo genética dentro e entre cinco populagdes de
Crax globulosa;

- Estimar a area de vida de Crax globulosa, e avaliar se a selecdo do habitat pode representar
alguma ameaca para as populagdes da espécie;

- Caracterizar o ninho, o tamanho da ninhada e verificar o periodo reprodutivo de Crax globulosa;

- Preencher lacunas no conhecimento biologico da espécie e consequentemente fornecer

informacdes para auxiliar em planos de acdo para a conservacao da espécie.
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Abstract

The reproductive biology of Crax globulosa is virtually unknown, this knowledge comprised of
only a few anecdotal notes. We found nine nests of Crax globulosa in the middle section of the
Jurué River, western Brazilian Amazon, during the dry season. Nests averaged 22.5 m from water
and 13.3 m above the ground. We observed two nest types: five made of twigs, leaves and vines,
and four within a bromeliad. All nests contained two eggs, but six (67%) were subsequently
predated. A female tagged with a transmitter nested twice during the same breeding season. A chick
was monitored together with its parents for >10 months. In addition to hunting and habitat loss, nest
predation could be another threat to this endangered species.

Keywords Bromeliad; chicks; nest; predation; hatching success
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Introduction

The wattled curassow (Crax globulosa) is endemic to the western Amazon basin, occurring
in western Brazil, southern Colombia, eastern Ecuador (problaly extirpated), eastern Peru and
northern Bolivia (Bennett 2000; Brooks et al. 2006; Haugaasen and Peres 2008). The species is
considered Endangered due to hunting, habitat loss and a small population size, estimated to have
undergone a very rapid decline in numbers and range size (Brooks et al. 2006; BirdLife 2015). Crax
globulosa may be elevated from Endangered in the near future, if new data suggest that the
reduction in global population size is greater than current estimates (BirdLife 2015).

The species is a year-round resident in lowland forests and river islands (Begazo 1997;
Santos 1998; Bennett 2003; Alarcon-Nieto and Palacios 2005). Crax globulosa appears to have a
non-uniform distribution in lowland forest (Begazo 1997), mainly due to water restrictions during
the dry season (Hill et al. 2008). Compared to other species of curassow, Crax globulosa is more
arboreal due to a lack of dry land in the floodplain forest during the rainy (high-water) season
(Garcia and Brooks 1997; Santos 1998; Bennett 2003).

Cracid reproduction may vary depending upon the season, among other factors, with most
tropical species typically breeding during the rainy season (Delacour and Amadon 2004). It was
once thought that most cracids were monogamous (Sick 1997), but there are anecdotal field
observations of some species showing signs of polygyny, with one male and two or more females
(Brooks et al. 2006; Gastariaga-Corvacho et al. 2011; Luna- Maira et al. 2013). Studies focused on
the reproduction of wild cracid populations are scarce. In the case of curassows, only C. daubentoni
has been studied intensively (Kvarnbéck et al. 2008). Details of C. globulosa reproduction have not
been documented in detail until now.

Herein we provide the fi rst qualitative descriptions of the nest, clutch size and reproductive
period of C. globulosa. This information is important in planning for conservation and management

of this rare species.

Methods

Study area

The study was conducted along 11 km of both sides of two tributaries of the Jurua River (Marari
and Macaco) within the Sustainable Development Reserve Uacari (Figure 1). This is part of the
Jurua River Basin, and is located 130 km south of the town of Carauari, in the state of Amazonas,
Brazil (— 5.7840S, — 67.7500W). This region is subject to a well defined seasonal rainfall regime,
with a mean annual rainfall of 2400— 2800 mm (Sombroek 2001). There is also a strong seasonal

oscillation in the river water discharge, with the low-water season occurring from July to October.
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Figure 1. Main places where Crax globulosa nests (bullets) were found in tributaries of the Jurua
River. Flooded environments (varzea and paleo floodplains) are near the river and other tributaries,

while terra firme farther and lighter.

Nests and chicks

An intensive systematic search effort for Crax globulosa nests was carried out from August
2014 to October 2015, covering > 1 continuous year to insure periods of breeding activity were
captured. Nests were located by hiking the banks of the Marari and Macaco rivers Monday through
Friday, 06:00-10:00 hrs. At least two people searched for nests simultaneously, < 300 m from the
river, following methods of Luna-Maira et al. (2013). Trees were searched along with clues of a
nest, including fallen eggshells and individuals taking flight from a tree. When a female was flushed
from a tree, the location was recorded with a global positioning system (GPS), and a return trip was
made the following day to determine whether the female was in the same tree. If the female was
relocated the following day, the tree branches were climbed to check for a nest; if no evidence was
found the site was discarded.

The following variables were measured when nests were located (mean and standard
deviation [SD] are given for all measurements): distance to water (m), height from the ground (m),

diameter at breast height (DBH, cm) of the host tree, and nest diameter (cm), height (cm) and depth
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(cm). Additionally, the SD of the nearest distance to ground water and height were calculated.
When the tree containing the nest could not be climbed, we used a rangefinder (Bushnell Yardage
450) tomeasure the height, and a camera with an 8-m stick to check the clutch size. The materials
used to construct the nest (e.g. twigs, leaves, vines or other material) and clutch size were also
recorded.

We put three camera traps on three nests (1 camera/nest) to monitor the presence of
predators. Nests were visited every 2—3 days to see if they were still active, and which gender was
incubating the eggs, based upon venter colouration (males white, or females rufous). Chick gender
was also determined by venter colouration if they were old enough, and age was estimated by
comparing photos of the chicks with captive individuals of known age.

Two adult females and a 3-month-old juvenile male (still associated with parents) were
captured using an ‘arapuca’ trap (pyramid-shaped box trap made of sticks), tagged with backpack
radio-transmitters (Biotracks Ltd, Dorset, UK), and tracked 15 days/month for 12 months. The
females were monitored to determine where and when they nested, and the young male was
monitored to determine how long he stayed with his parents. Analyses of ranging behaviour will be
reported elsewhere.

A non-parametric Spearman correlation test was performed to verify whether a relationship
existed between distance to the nearest water body and nest height. A positive correlation is
hypothesised to occur, since the greater the distance to water, the greater height of the nest needed
to facilitate escape from possible predators. Additionally, nests are more exposed to predators closer

to the river because the creek’s banks are more visible and therefore it is easier for predators to find

prey.

Table 1. Villages interviewed about Crax globulosa reproduction, with interviewees’ age, sex, and

time living in the community.

Village Coordinates Age Sex Time living in village
Santa Barbara 4°338"S  66°25'30"W 51 M 40
Tucuma 3°59'13"S  66°28'16"W 69 M 65
Joanico 3°52'18"S  66°2321"W 47 M 47
Arapari 3°50'58"S  66°15'59"W 62 M 62
Limao 3°42'19"S  66°11'43"W 57 M 57
Escondido 3°3523"S  66° 6'49"W 39 M 22
Boca do Jacaré 3°31'18"S  66° 7'55"W 35 M 18
Gaivota 2°58'32"S  65°57'11"W 59 M 51
Paranagua 3°24'39"S  66° 4'23"W 44 M 44
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Antonina 3°15'15"S  66° 1'S8"W 41 M 25
Xibauazinho 5°56'24"S  67°46'15"W  36and 54 M 36 and 42
Mandioca 5°51'32"S  67°47'24"W 57 M 42
Preguica 5°19'14"S  67°13'15"W 46 M 23
Boca do Xerua 6°3'15"S  67°48'47"W 28 and 49 M 28 and 32

Interviews

A total of 14 rural villages along the Jurua River were visited to conduct passive interviews
with 16 residents (Table 1). The interviewed residents were selected by consulting the community,
to determine which residents had the most experience hunting and fishing, as well as who had lived
in the community the longest. Specific questions asked included: (1) Are you familiar with the nest
of the mutum-piuri (C. globulosa)? and (2) Are you aware of any nests, past or present (i.e. number

of nests, clutch sizes, season found, habitat type, location)?

Results
Nests

Nine active nests of C. globulosa were found (three in 2014, six in 2015) during the
lowwater season, between July and September (Table 2); two nests were in Macaco and seven in
Marari (Figure 1). All nests contained two white eggs and were on average located 22.5 m (SD =
24.7 m) from the water, at a mean height of 13.3 m (SD = 6.2 m). The correlation between nest
height and distance to the water was positive but not significant, and weak (r = 0.2, P = 0.6).

Five nests were built between forks in the branches of trees (Table 2; Figure 2), and four
nests were built within bromeliads (Aechmea sp., Bromeliaceae, Figure 3; Table 2). Nests built
between forks were shallow, round and basket-shaped, constructed with twigs and vines, and lined
with both green and dry leaves. The bromeliad nests were built using the foundation of this
epiphytic plant as a nest platform. The trees that contained nests always possessed vines, closed
canopy or other individual bromeliads. Three of the bromeliad nests were 130, 175 and 210 m from
one another, and found during the same week with a single vocalising male <50 m from the nests.
Similarly, males were observed vocalising close to nests #1, 4 and 9. Only females incubated in all

nests.
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Figure 3. Nest #5 built in Aechemea sp. post-predation.
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Table 2 — Data for C. globulosa nests in the Jurua River Basin, Amazonas, Brazil. The first date is the day the nest was found; the second date is when

it was predated or abandoned (nest #3 was not tracked). Ground = height from the ground (m), water = distance to water (m), DBH = diameter at breast

height, SD = standard deviation

. . Egg .
Nest # Date Fate Coordinates Ground Water Height Diameter Depth Nest Type # of Mass Egg Size Tree Sp. DBH
(cm) (cm) (cm) Eggs © (mm) (m)
79.7 x
14 August 2014 17 5°46'52"S, 136, 60.4, o
1 August 2014 Predated 67°45'44" W 9 14 23 38 6 Fork 2 140 80.5 x Eugenia sp. 0.28
60.6
93.5x
26 August 2014 05 5°48'9"S, 200, 62.9, L
2 September 2014 Abandoned 67°46'54"W 9.1 3.5 24 46 7 Fork 2 204 918 x Cassia leiandra 0.21
64.4
3 22 August 2014 Inspected only once 3°5735'S 9.6 31.6 11 34 - Fork 2 - - Sl i 0.56
ugu D y 67°45'41"W . . oanea rufa .
31 July 2015 19 Predated by Rupornis 5°46'52"S .
4 10. . 1 Fork 2 - - Ei X 1
August 2015 magnirostris 67°45'51"W 0.5 58 3 36 5 or ugema sp 013
10 August 2015 5°45'1"S . 88.8 x
5 14 August 2015 Predated 67°46'19"W 14.9 10.9 10 35 5 Bromeliad 2 184 614 Sapotaceae 0.5
08 August 2015 14 5°45'1"S . .
P 11. 21.4 - - - B 1 2 - - P X .
6 August 2015 redated 67°46'13"W 6 romeliad outeira sp. 0.33
07 August 2015 20 5°45'5"S .
P 2 - - - B 1 2 - - F .
7 August 2015 redated 67°46'13"W 9 89 romeliad abaceae 0.67
1 chick hatched, other
22 August 2015 03 ’ 5°57'34"S .
8 September 2015 egg abandoned and 67°45'42"W 8.4 16.1 8 44 6 Fork 2 - - Eugenia sp. 0.24
predated
30 September 2015 09 5°46'57"S . .
9 October 2015 Predated 67°45'59" W 18 11 - - - Bromeliad 2 - - Sloanea rufa 1.03
72
SD 6.2 24.7 6,25 4.56 0.74 - - 29.21 5175 lx - 0.26
Mean 13.3 22.5 15.2 38.8 5.8 2 173 86.8 x 0.44

61.9




Six of the nine nests had their two eggs subsequently predated (67%), one had a chick hatch
(11%), and one was abandoned (11%; Table 2). Of the nine nests, containing a total of 18 eggs,
only one chick hatched (6% hatch rate); the other egg in that clutch did not hatch and the egg was
predated after the female abandoned the nest to care for the new chick (Table 2). A camera trap
placed on nest #4 fi Imed a roadside hawk (Rupornis magnirostris) attacking the female curassow,
which fl ew to the ground, whereupon the hawk consumed both eggs. The same female of nest #4
was marked with a very high frequency (VHF) transmitter and recorded incubating a new clutch
(nest #9) after a 38-day interval. The new nest was 100 m from nest #4 and was in a different

species of tree, but again was predated (Table 2).

Chicks

On 5 October 2014, a chick of approximately 1 week of age was encountered with its
parents in Marari. On the same day at a distance of 350 m, a young male (approximately 3 months
old) was observed vocalising on top of a Byrsonima sp. tree.

Also in October 2014, a pair of adults was observed with two juvenile males of about 3
months of age in Marari. One of the juvenile males was captured and tagged with a VHF transmitter
and monitored for 1 year, always in the company of an adult female and the other juvenile male,
and on some occasions also with an adult male. This young male accompanied his mother until July
2015 (at approximately 1 year of age), when we began to see this individual alone or with other
groups. On 3 September 2015, a chick of about 10 days old (Figure 4) was found with two adult

females and one male in Macaco.

Interviews

Interviews with 16 local informants from 14 villages resulted in 151 nest reports, always in
varzea. Virtually all respondents (99%) reported two eggs per clutch, with only two nests containing
three eggs. Respondents invariably indicated that the breeding season is always during the dry
season (June—October), and nests were always built < 50 m from water and supported by at least

five different species of trees (Eugenia sp., Vitex cimosa, Ocotea sp., Ficus sp. and Byrsonima sp.).



Figure 4. Chick of Crax globulosa, approximately 10 days old, on 3 September 2016 in Macaco.

Discussion

The breeding season of Crax globulosa in the Jurua River during the dry season is consistent
with Caqueta River reports in Colombia (Bennett 2000). Wattled curassows only reproduced when
land was available, following the receding floodwaters in varzea floodplain forest. This is important
so that chicks could walk after hatching, and were old enough to fly once the water level began to
rise again, creating flooded forest conditions.

The location of the nests can be attributed to wattled curassows’ close association with
water, or in floodplain forest habitats with a high density of plants and vines that would help
conceal the nest from predators (Hill et al. 2008; Luna-Maira et al. 2013), as well as a safe location
high above ground. Such nest locations are also important to permit a quick escape route, fl ying
across a stream, which would be diffi cult for a terrestrial predator to track. Another species of
curassow, C. daubentoni, usually builds nests along forest edges in order to hide from potential
predators (Kvarnbéck et al. 2008).

The clutch size of two eggs we observed is consistent with other species in the genus Crax
(Brooks et al. 2006; Kvarnback et al. 2008), as well as a female wattled curassow observed with
two chicks on a fl uvial island in the Caquetd River (Luna-Maira et al. 2013). Our observations
show that the female incubates the eggs while the male remains close by to help guard the nest, as

observed in other species of curassows (Delacour and Amadon 2004).
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In captivity the females may have more than one clutch per season when eggs are removed
or broken, but there are no reports of multiple clutches in wild populations (Todd et al. 1992). This
behaviour was observed only in Mitu salvini and Crax alector after a 20-day interval following nest
predation, with the new nest built higher than the fi rst nest (Delacour and Amadon 2004), as noted
herein for C. globulosa.

The 13.3 m mean nest height from the ground is greater than the average of other Crax nests
studied to date (9— 11 m); however, the nest diameter, height and depth are similar (Delacour and
Amadon 2004; Kvarnback et al. 2008). The two differently structured nest types seem to be a fi rst
for the genus, and we report the fi rst observed use of a bromeliad (Delacour and Amadon 2004;
Kvarnbéck et al. 2008). However, nesting in a bromeliad has been reported for other cracids
including Penelope, Ortalis, Chamaepetes and Oreophasis (Greeney and Erazo 2005; Londofio et
al. 2007; Toledo-Lima et al. 2013).

Reproductive success is almost unknown for most of the species in the family, with the
exception of Ortalis vetula, of which 65% of 135 monitored nests were successful with chicks
hatched (4% abandoned, 30% predated) (Marion and Fleetwood 1978). Nest predation by capuchin
monkeys (Cebus spp.) was reported in Crax daubentoni, C. alector and C. blumenbachii (Delacour
and Amadon 2004; Kvarnbéck et al. 2008; Canale and Bernardo 2016). Of all nests we followed
throughout the incubation period, only one chick hatched, accounting for only a 6% reproductive
success rate. The high predation rate may be due to the high abundance and diversity of terrestrial
and arboreal predators in the Jurua River Basin (Patton et al. 2000). We recorded several bands of
monkeys of various species (Cebus albifrons, Saimiri sciureus and Alouatta seniculus), as well as
individual marsupials (Didelphis marsupialis), snakes (Boa constrictor, Epicrates cenchria) and
birds of prey, including the R. magnirostris that predated one of the clutches.

Polygyny in C. globulosa seems likely given the observation of three females attending
nests close to one another at the same time, with a single male in the area, although only paternity
analyses can confi rm polygamy with certainty. In Colombia and Bolivia, a male was found
withmultiple females (Bennet 2000; Hill et al. 2008; Luna-Maira et al. 2013). Most researchers
report that cracids are monogamous, but a few observations show that polygamy may occur in the
family, with species such as Oreophasis and Ortalis in addition to other species of curassows
exhibiting this mating strategy (Sick 1997; Brooks et al. 2006).

The separation of the male chick after staying with the mother in the natal range for 10
months may have been due to an adult male ousting the chick at the onset of the breeding season.
Alternatively, this period may be linked to the seasonally inundated varzea forest where the species
lives, because during the wet season we observed flocks of >5 individuals feeding on several

species of fruiting trees.
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Hunting and habitat loss are the main reasons for rapid declines in cracid populations. For
example, during a single year (2008) the Jurua River basin experienced 3.2% forest loss totaling
6194 km (Trancoso et al. 2009). As C. globulosa is naturally rare and restricted to seasonally fl
ooded lowland forest, it has a limited window of opportunity for reproductive activity, combined
with a high predation rate. Consequently, the species is teetering on the threshold of unsustainable
population recruitment, assuming that these populations are still demographically viable. The
combination of unsustainable harvest, habitat loss and high levels of nest predation may well

continue to drive many remaining populations of this species to extinction in the future.
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Abstract

Patterns of habitat selection are influenced by local productivity, resource availability and predation
risk. Species have taken millions of years to hone the macro- and micro-habitats they occupy, but
these may now overlap with contemporary human threats within natural species ranges. Wattled
Curassow (Crax globulosa), an endemic galliform species of the western Amazon, is threatened by
both hunting and habitat loss, and is restricted to white-water floodplain forests of major
Amazonian rivers. In this study conducted along the Jurud River, Amazonas, Brazil, we quantified
the ranging ecology and fine-scale patterns of habitat selection of the species. We estimated the
home range size of C. globulosa using conventional VHF telemetry. To estimate patterns of habitat
selection, we used geo-locations of day ranges to examine the extent and intensity of use across the
floodplain, which were then compared to a high-resolution flood-map of the study area. We
captured two females and one male, which were monitored for 13 months between September 2014
and September 2015. Average home range size was 283 ha, based on the 95% aLoCoH estimator.
Wattled Curassows selected areas of prolonged flood-pulses (6-8 months/year) and had a consistent
tendency to be near open water, usually in close proximity to river banks and lakes, especially
during the dry season. Amazonian floodplains are densely settled, and the small portions of
floodplain habitat used by Wattled Curassows are both most accessible to hunters and most
vulnerable to deforestation. As a result, the geographic and ecological distribution of Wattled
Curassows places them at much higher extinction risk at multiple spatial scales, highlighting the

need to consider habitat preferences within their conservation strategy.

Keywords: conservation, Cracids, ecology, vdrzea, floodplain forest, telemetry
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Introduction

Understanding how animals use landscapes to meet their resource demands (e.g. food,
water, and breeding habitat) and how these animals establish and use their home ranges is vital to
interpret the potential vulnerability of species to extinction and to successfully design subsequent
wildlife management programmes (Morrison, Marcot & Mannan, 1998, Willems & Hill, 2009).
Habitat availability, movement patterns and habitat use are driven by the abundance, availability
and distribution of resources, as well as by the landscape structure in which they are distributed
(e.g. habitat patches and connectivity between them) (Willems & Hill, 2009, Beyer et al., 2010).
Recording movement patterns and habitat use is particularly crucial for threatened taxa. However,
this information is often most lacking when populations occur at low densities or are difficult to
observe due to evasive behaviour (Rechetelo et al., 2016), or sheer remoteness and inaccessibility
of habitat.

It is important to incorporate habitat selection studies and data on population abundance into
conservation planning (Caughley, 1994), particularly in terms of assessing both demographic and
geographic definitions of rarity (Williams et al. 2009). Demographically rare species are typically
expected to find some relief from direct anthropogenic threats, such as hunting, as a result of their
low densities, unless they represent a particularly valuable commodity (e.g. ivory) whose value may
rise with increased rarity (McClenachan et al. 2016). However, habitat specialization is also
important in determining a species’ ability to persist in human-disturbed landscapes (Vergara &
Armesto, 2009). Unlike habitat generalists, which can change their habitat selection pattern over
time as expected by habitat selection theory (Latta & Faaborg, 2002), more specialized species are
confined to a narrow spectrum of habitat types, potentially placing them under additional threats.

Habitat loss is a leading driver of population declines and local extinctions, particularly in
the tropics, where species may be lost even before habitat associations have been understood and
remedial options considered. This effect is even more critical for species that are naturally rare and
endemic to restricted areas (Stattersfield er al., 2008, Pimm & Jenkins, 2010). Projections using
human impacts on land use and climate change show that bird species with restricted distributions
and specialized habitat requirements tend to lose 50% of their range size within 50 years, placing
them under a double jeopardy of extinction (Jetz, Wilcove & Dobson, 2007). To further compound
the problem, restricted geographic distributions may potentially place species at risk from
heightened levels of hunting pressure (Collar, Wege, Long 1997).

The Cracidae, belonging to the order Galliformes, are endemic to the Neotropics and one of
the most threatened avian families (Collar, Wege, Long 1997), with 24 species listed in some threat
category (I EW, 6 CR, 8 EN, 9 VU; Table S1). As large terrestrial gamebirds, they are notably
vulnerable to human disturbances through both habitat loss and selective hunting (del Hoyo, 2017).
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A clear warning of the danger is provided by the Alagoas Curassow (Mitu mitu), which has been
recently driven to extinction in the wild by the combination of forest fragmentation and hunting,
and now survives only in captivity (BirdLife International 2016b). Although cracids serve important
ecological roles as seed dispersers, most species have not been studied in detail in terms of their
habitat relationships, either because they have a small population, are restricted to inaccessible areas
or exhibit cryptic behaviour (Delacour & Amadon, 2004).

The Wattled Curassow (Crax globulosa) is endemic to the Amazon basin where it occurs in
river islands and floodplain forests that are seasonally flooded by white-water rivers in Brazil,
Colombia, Ecuador, Peru and Bolivia (Collar et al., 1992, Bennett, 2003, Haugaasen & Peres,
2008). Rapid population declines, to current estimates of just 250-1000 birds, has placed C.
globulosa on both the Brazilian and IUCN Red Lists as an Endangered Species (Hennessey, 1999,
Bennett, 2000, BirdLife International, 2016a). As a range-restricted species under threat from both
habitat loss and hunting, the Wattled Curassow is a prime example of a species where detailed
information on its patterns of habitat selection could help inform conservation action. Here, we used
radio-telemetry to study the home range size and use of space of C. globulosa, quantifying its
preferred small-scale habitat mosaic within Amazonian floodplain forests and investigating how this

preference may affect the future prospects of populations of this species.

Materials and Methods
Study area

The study was carried out within the Uacari Sustainable Development Reserve (RDS
Uacari; 632,949 ha), Carauari municipality, in the state of Amazonas, Brazil. This state-managed
reserve, established in 2005, comprises upland terra firme forest and seasonally-flooded vdrzea
forest along the margins of the white-water Jurua River that flows through it. Varzea soils are
nutrient rich, as a result of the deposition of pre-Andean alluvial sediments (Furch 1997) during the
annual flood pulse event (Junk et al. 1989), with a plant community characterised by fast growth
rates but lower wood density and forest stature than adjance terra firme forests (Hawes et al. 2012).
We conducted fieldwork in vdrzea floodplain forests along the Marari stream (5°45°05°S,
67°46°17”W), a tributary on the right bank of the Jurua River.

The Médio Jurua region has a wet, tropical climate with a mean annual rainfall of 3,679 mm
(2008-2010; Bauana Field Station; 5°26°19”’S, 67°17°12”W). Precipitation patterns (dry season:
May-October; rainy season: November-April) correspond closely to the prolonged inundation
period in vdrzea forests (terrestrial phase: July-December, aquatic phase: January-June) (Hawes &
Peres 2016), where the flood depth can reach up to 7.5 m (Junk et al. 2011). Mean monthly values
of river discharge range from 135 to 1,407 m3/sec (1973-2010; Porto do Gavidio; Petrobras S.A.),
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with the period of highest water discharge in January-May. Pronounced changes in habitat structure
occur as a result of this marked seasonality, although flood depth and inundation period vary
considerably with local topography (Hawes et al. 2012), influencing the distribution of both
terrestrial and aquatic vertebrates (Hawes & Peres 2014, Endo et al. 2016).

Home range size

We used VHF radio-telemetry to quantify movement patterns and the home range size of C.
globulosa. We captured birds using wooden traps locally known as "arapucas". In all, 30 traps were
built, which were set from Monday to Friday afternoon and checked twice daily, over 70 days
between September and November 2014. To maximize capture rates, traps were mounted at sites
where the species had been previously observed during intensive line-transect surveys. Each
captured individual was blinded with a hood and its legs were tied to reduce stress. First, a blood
sample from the wing was drawn and then a VHF transmitter was fitted. This entire procedure,
which had been tested previously on simulated runs using domestic chickens, lasted no more than
10 to 15 min.

Captured individuals were tagged with backpack-type transmitters (150.00 to 150.99 MHz),
manufactured to specification by Biotrack Ltd/Lotek Wireless Inc (Dorset, UK). Transmitters were
black, had a battery life of 18 months, and weighed 46 g, equivalent to ~1.8% of the body mass of
an adult C. globulosa (~2,500 g), or well below the maximum recommended limit of 3% (Kenward
2001). An R-1000 model receiver (Communications Specialists, Inc, CA, US) and a three-element
Yagi antenna were used to locate signals from the transmitters. Data were collected on a systematic
basis between September 2014 and October 2015.

Each tagged individual was monitored once daily, morning or afternoon, at least three times
a week, for at least 12 months. When the radio-transmitter signal was located, we stealthly
approached any given individual until direct visual observations were possible although all birds
eventually fled as they were approached, with no clear indication that they were becoming
habituated to observers over time. We recorded flock size (alone or with other individuals), position
(on the ground or perched, in which case height above ground was recorded), and the straight-line
distance to the nearest body of open water. The waypoint location where each individual was first
observed was recorded using a GPS (Garmin Map 60) as soon as the animal moved elsewhere, or
observations were no longer possible. Day-range locations were carried out at any time of day
(06:00h —17:00h), but each location day was started by targeting a different focal individual to

prevent the same bird from being recorded at the same time of day.
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Habitat selection

To identify local habitat preferences, we used ranging data from a total of 579 locations
obtained from three C. globulosa monitored with VHF transmitters. The floodplain forest habitats
of the study area were classified according to the spatial distribution of inundation periods using a
floodmap with a resolution of 90 m. We used a classification of areas subjected to different
inundation regimes based on multi-temporal (2006-2011) remote sensing data of the entire study
area. These data were obtained by the Advanced Land Observing Satellite (ALOS) Phased Array
type L-band Synthetic Aperture Radar sensor (PALSAR) system, using a 100-m spatial resolution
(see Hawes et al. 2012). Synthetic Aperture Radar (SAR) sensors can generate appropriate data sets
to map flooded forests, due to their ability to overcome problems of forest canopy cover,
atmospheric and illumination conditions, and provide reliable measurements of the flood extent in
wetland habitats (Arnesen et al. 2013). Based on a time series of 12 different ScanSAR scenes, a
total of seven different forest categories were distinguished for this study: unflooded terra firme and
paleovarzea forests, and vdrzea forests with the following mean flooding periods: <l month/year, 1-
2 months/year, 3-5 months/year, 6-8 months/year, and 9-12 months/year. In addition, we mapped all
areas lacking vegetation cover, such as permanent open-water habitats (lakes, and river channels),
and sandy and alluvial sediment beaches of the main river and connecting levees. To calculate the
area of each forest category, we used a 100% Minimum Convex Polygon (MCP) as a representation

of its availability in relation to all floodplain habitat types (Fig. 1).

Data analysis
Home range size

Location data were analyzed using ArcGis 10.2.2 software (ESRI, 2014). Five different
estimators were used to calculate the home range size of C. globulosa, in order to compare results
with other cracid studies: Minimum Convex Polygon (95% MCP); Fixed Kernel (95% FK),
Brownian Bridge Movement Model (95% BBMM), and Adaptive Local Convex Hull (95%
alLoCoH). We used a Kruskall-Wallis test to test for differences between the home range sizes
generated by the different estimators, using low sensitivity to extreme values and low amplitude of
the results as criteria in selecting the most representative estimators of home range size (Bernardo et
al., 2011). We estimated home range sizes throughout the full year of monitoring and used a

Wilcoxon signed-rank test to test for differences between dry and wet seasons.

Habitat selection
To assess habitat selection, we used the availability method, which compares the proportion

of points sampled in a given habitat type with the proportion of expected points in the same habitat
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(Neu et al. 1974, Canavelli et al. 2003), with selection assumed to occur if habitat use is
disproportionate to its overall local availability (Johnson, 1980; Alldredge & Griswold 2006). We
used a chi-squared test to determine if habitat use was disproportionate to habitat availability (i.e.
differences between observed and expected values), and a Wilcoxon test to determine if there was
any difference in habitat choice between wet and dry seasons (Thomas & Taylor 2006), with the
Bonferroni Confidence Interval used as necessary to account for multiple comparisons (Neu et al.
1974, Cherry, 1996). We included open water and non-vegetated areas even though they were not
observed to be used, as their exclusion would not affect any analyses (Aebischer et al. 1993,
Buskirk & Millspaugh 2006).

We calculated the distance to the nearest water source (oxbow lake, stream, river) for each
location recorded, and used a Pearson correlation to determine the relationship between the
frequency of records in the landscape and the distance to open water, with the hypothesis that the
number of records would decline with increasing distance from water. Finally, we used a Student’s
t-test to test for a difference in the distance to water between dry and wet seasons. All statistical

analyses were conducted in R (Core Team, 2014).

Results
Home range size

Our overall trapping effort (70 days x 30 traps = 2,100 trap-days) successfully captured only
three C. globulosa (a fourth individual escaped the trap). The locations of the three C. globulosa
individuals, two females and one male, were monitored continuously for 12 to 13 months. All
individuals remained in the same area of floodplain forest as their point of capture throughout the
duration of monitoring. Our total of 579 positional records were well distributed across individuals
and seasons (Table 1), with a mean of 192 points per individual that were used to calculate home
range sizes (Table 2). The estimator with the lowest variance was aLoCoH, with a mean home range
of 283 + 214 ha (Fig. 2, Table 2). Average home range sizes in the wet (159 £ 62 ha) and dry
seasons (146 = 86 ha) were not statististically different (Wilcoxen: V' =2, p = 0.75) and there were
no significant differences between the estimators used (Kruskal-Wallis: H =3, p = 0.39). In 51.4%
of observations (n = 298) the tracked individual was not alone, with a flock size range of 2-7 and

mode of 2 (n = 142).

Habitat selection
The 100% MPC landscape macromosaic for all three Wattled Curassows monitored had a
overall area of 3,249 ha, although C. globulosa used almost all forest types, the contingency test

indicated that observed use differed from the null expectation if forest types were selected randomly
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(Chi-square: y?=52.98, gl =7, p <0.001). Wattled Curassows showed positive selection for areas of
low-lying vdrzea forest that are flooded 6-8 months/year, with double the number of expected
locations obseverd if habitats were selected according to availability (Table 3). Other forest habitats
had fewer observations than expected and no observations were made in open water or non-
vegetated areas, and the paleovarzea habitats were not within the 100% MPC (Fig 3). Moreover,
there was no difference in habitat selection between the dry and wet seasons (Wilcoxen: V=8, p =
0.68).

Locations were consistently recorded near open water, with 83% of records (n = 521) less
than 300 m from a stream or lake, and the farthest linear distance ever recorded from water being
930 m. The probability of encountering C. globulosa significantly decreased with increasing
distance from any given waterbody (Pearson: r = -0.95, p <0.001), and this preference for proximity
to water was even greater during the dry season (mean + SD: 112 + 83 m) compared to the wet
season (184 + 105 m), with a significant difference between seasons (Student’s #-test: 1 =—8.82, df =
518.81, p<0.001, Fig. 3). During the wet season, when the annual flood pulse effectively rendered
all terrestrial habitat unavalable within low-lying floodplains, individuals were always recorded
within the crowns of canopy trees (n = 272). In the dry season, we recorded individuals on the

ground in 33.3% of observations (n = 102) and perched in trees in 66.7% of observations (n = 205).

Discussion
Home range size

On the basis of the smallest home range size of the four estimators we used, our three C.
globulosa showed a larger mean home range size (283 ha) than other species of curassows studied
to date with telemetry: C. daubentoni 149-197 ha (Bertsch & Barreto, 2008), C. alector 185 ha
(Bernal & Mejia, 1995), C. blumenbachi 125 ha (Bernardo et al., 2011) and M. salvini 72—155 ha
(Santamaria & Franco, 1994, Parra et al., 2001). However, most species have not been studied for a
full year (Table 4). Results are also not easily comparable since analyses used different estimators
and species exhibit different habitats and feeding habits. In most studies of home range size in
Galliformes, MCP and Kernel estimators have been the most often used (Bernardo, 2010) although
these estimators potentially overestimate home range sizes and frequently associate tracked
individuals with sites that they do not use. Had we considered only these estimators in our study, the
home range size of C. globulosa would be estimated at 500-800 ha, an estimate well above the
more conservative value we considered (aLoCoH: 283 ha), although differences between estimators
were not significant.

Our finding that all tracked birds remained within the floodplain forest throughout the

monitoring period, despite the availability of permanently unflooded terra firme forest only 3.5 km
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from the area monitored and paleovarzea forest only 100 m, suggests that speculation that C.
globulosa exhibits lateral migration to adjacent ferra firme forests during the wet season (BirdLife
International, 2016a, del Hoyo, Kirwan & Christie 2017) may be mistaken. Instead, we report
consistent horizontal and vertical movements within the mature varzea floodplain forest in response
to the rise and fall of floodwaters. One explanation for the persistence of C. globulosa in varzea
forests during the wet season could be the elevated fruit production at this time (Hawes & Peres,
2016), which provides a key food resource for the species (Ayres, 1993, Haugaasen & Peres, 2005).
Therefore, although home ranges do not shift to unflooded terra firme during the wet season,
seasonal movements to track fruit production within the spatially heterogenous varzea floodplain
habitat, coupled with the consistency in C. globulosa home range sizes across dry and wet seasons,

may explain why we recorded a larger home range size than in other curassow species.

Habitat selection

The strong preference we found for forest habitat near waterbodies and for forest
experiencing flooding for at least 68 months/year has also been observed for C. globulosa in
Bolivia and Colombia, where the chance of detection decreases considerably at distances >250 m
from water (Hill, Aranibar-Rojas & Macleod, 2008, Luna-Maira et al., 2013). These previous
studies only took place in the dry season but, taken together with our more comprehensive sample
over a complete annual cycle, these findings point strongly to a very narrow pattern of habitat
selection by C. globulosa, thereby confirming its strict riverine or lacustrine floodplain distribution
(Collar et al., 1992). Other curassow species, such as C. blumenmachii in south-east Brazil, also
show a similar relationship with water (Collar ef al., 1992, Bernardo, 2010).

Although the floodplain forest in our study region covers a large area, our findings indicate
that C. globulosa shows a restricted preferences for much narrower floodplain areas that are (i)
flooded for prolonged periods, and at that (ii) near the banks of oxbow lakes, perennial streams or
rivers. Movements away from the banks during the wet season may possibly reflect searching for
food resources or an avoidance of hunters due to their greater exposure when in the forest canopy.
Another important consideration is the breeding requirements of C. globulosa, with reproduction
only occurring in the dry season when chicks are able to walk on the ground after hatching but with
nests also located near open water, presumably to facilitate escape from predators (Leite et al.,
2017). Dry season foraging may also contribute to the preference for areas close to lake or river
banks, where there is a greater supply of other food resources such as fish, insects, and crustaceans
(Decalour & Amadon, 2004), as well as mineral pebbles that have been found in the stomach
contents of some individuals and may serve to aid mechanical digestion within the gizzard (G.

Leite, unpubl. data), much like it has been proposed for other large-bodied cracids (Peres and van
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Roosmalen, 1996).

Double-jeopardy habitat use

The pattern of habitat selection confirmed by our study places the Endangered C. globulosa
in a clear case of habitat use double-jeopardy in relation to congruent spatial patterns of human-
induced threats. This is consistent with other threatened species for which small to large scale
patterns of spatial requirements converge with high risk of direct and indirect human-induced
mortality. For example, both marine and terrestrial megafauna are placed in double-jeopardy due to
their large body size and the high commercial value of body parts such as elephant ivory and shark
fins, with their market value increasing with species rarity (McClenachan, Cooper & Dulvy, 2016).
Other research verifying patterns and causes in endangered Neotropical birds, found that 78% of all
endangered species have a distribution of less than 50,000 km? and 57% are confined to wet forests,
with habitat loss and intensive human exploitation as the main threats (Collar, Wege, Long 1997).

Firstly, C. globulosa is threatened by its restriction to seasonally flooded vdrzea forest
which, due to its high and annually renewed soil nutrient levels, is one of the Amazonian
ecosystems most influenced by human activities with a 48% reduction in coverage over the last 35
years in the lower Amazon region alone (Reno ef al., 2011, Junk & Piedade, 2005). Varzea forests
are typically the first to be deforested in regions settled by riverine human populations, as they
provide timber and easily accessible sites for the construction of new houses, as well as the planting
of temporary monocultures such as cassava and grass pastures for domestic herbivores (Ren6 ef al.,
2011). Although floodplain forests cover an area of between 60,000-100,000 km? of the Amazon
(Junk, 1997), C. globulosa populations have an increasingly fragmented distribution within this area
(BirdLife International, 2016a), elevating their vulnerability to further deforestation.

In addition to the general threat associated with a distribution restricted to vdrzea forests,
remaining C. globulosa populations succumb to a second threat as a result of their faithful
preference for habitats close to open water or those that remain flooded for 6-8 months, since this
habitat selection greatly increases their vulnerability to hunting. Rivers are the primary transport
network in the Amazon and people have inevitably settled along them, leading to the highest levels
of human population density, and therefore demand for wild animal protein, occurring in areas
closest to varzea forests. The higher levels of hunting associated with greater accessibility are
responsible for driving declines in the abundance of a wide range of game species, including
gamebirds (Peres & Lake, 2003). Finally, the most accessible areas within these flooded forests,
such as riverbanks, streams and lakes, are precisely the areas preferred by C. globulosa, with human
threats further intensified during the dry season when hunters can easily explore vdrzea forests on

foot.
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This combination of factors increases the level of threat to the Wattled Curassow in the near
future since, even at low densities, their habitat preferences place them at increased risk of
extinction from habitat loss or hunting. There are three established forest reserves in our study
region in the Médio Jurua, but these are classified as extractive or sustainable-use reserves, which
do not prohibit hunting or logging. Hunting may have declined since the extensive commercial
harvests of the 20" century skin trade (Antunes et al., 2016), but current levels may continue to
threaten not only populations of gamebirds such as C. globulosa (Michalski & Peres 2017) but also
other species that depend on floodplain forests. Avoiding the fate of the Alagoas Curassow, M. mitu,
(BirdLife International 2016b) and improving the outlook for those species placed in similar
double-jeopardy situations is unlikely to be acheived without conservation measures that account
for their specific habitat requirements. For example, expanding a well-enforced protected area
system, and ensuring that sufficiently large areas are protected from subsistence hunting, may be
more successful if incorporating a zonal approach that targets protection of riparian habitat. A focus
on environmental education could also disseminate the ecological importance of C. globulosa,
including their movement patterns and subsequent role in seed dispersal, in maintaining the

dynamic floodplain ecosystem and other species that depend upon it.
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Figure legends

Figure 1. Study area in the Middle Jurua region of western Brazilian Amazonia, showing the forest
and non-forest floodplain categories distinguished on the basis of ALOS ScanSAR images. Black-
white line represents the 100% Minimum Convex Polygon (MCP) for the three monitored

individuals of Crax globulosa across the study landscape.

Figure 2. Home range size of the three monitored individuals of Crax globulosa in the study area,
using the estimator (A) Minimum Convex Polygon (95% MCP), (B) Fixed Kernel (95%
FK), (C) Brownian Bridge Movement Model (BBMM 95%), (D) Adaptive Local Convex Hull
(aLoCoH 95%) and (E) locations of all individuals.

Figure 3. Density plot showing the distribution of records during the dry (black) and wet (grey)
seasons for the monitored individuals of Crax globulosa, in relation to linear distances (m) to the

nearest open waterbody.
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Tables

Table 1. Detail of radio-tracking effort (number of locations recorded) from three Wattled
Curassows (Crax globulosa) across the dry and wet seasons in the Médio Jurua region, Amazonas,

Brazil, with the dates of capture/fitting and the last day of monitoring.

Sex Capture Last day N dry N wet N total
Female 1 15/09/2014 30/09/2015 112 88 200
Female 2 02/10/2014 01/10/2015 105 91 196

Male 18/10/2014 10/10/2015 90 93 183
Total 307 272 579
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Table 2. Home range size estimates (mean + SD) for Wattled Curassow (Crax globulosa) across the

dry and wet seasons in the Médio Jurud region, Amazonas, Brazil.

Season 95% MCP* 95% FK P 95% BBMM*®  95% aLoCoH ¢
(ha) (ha) (ha) (ha)
Dry 537+349 364+143 344+130 14686
Wet 4824223 4784421 296195 15962
All year 804+556 468+369 446363 283214

a Minimum Convex Polygon
b Fixed Kernel
¢ Brownian Bridge Movement Model

d Adaptive Local Convex Hull
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Table 3. Bonferroni Confidence intervals for habitat selection by Wattled Curassow (Crax
globulosa) in the Middle Jurua region, Amazonas, Brazil, showing proportional use (%) for each
habitat type used. Symbols represent the degree of habitat selection; (+) used more than expected, (-

) used less than expected, (0) used as expected by chance.

Habitat Observed Expected Bonferroni’s Selection
use (%) use (%) intervals
pi

Unflooded (terra firme) 0.02 0.02 0.007<pi<0.039 0
Varzea <1 month 0.06 0.04 0.032<pi<0.085 0
Varzea 1-2 months 0.01 0.07 0.001<pi<0.026 -
Varzea 3-5 months 0.24 0.39 0.188<pi<0.285 -
Varzea 6-8 months 0.56 0.28 0.505<pi<0.618 +
Varzea 9-12 months 0.10 0.16 0.068<pi<0.136 -
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Table 4. Comparison of Currasow studies showing sample effort, home range estimators used, home range size, and habitat use.

Species Country Sampling effort, Analyses? Home range, Habitat selection Reference®
months (N individual) ha
95% aLoCoH 283
C. globulosa Bragil 13 3) 95% BBMM 446 Varzea, near to .
95% FK 468 water
95% MCP 804
C. daubentoni Venezuela 309 95% FK 149 Gallery and dry 2
95% AK 197 forest
C. alector Colombia 4(4) 100% MCP 185 Riverine areas 3
C. blumenbachi Brazil 25 (25) 95% NL 125 Riparian habitats 4
Mitu salvini Colombia 7(4) 100% MCP 72-155 Flooded forest 5

a AK = Adaptative Kernel; aLoCoH = Adaptive Local Convex Hull; BBMM = Brownian Bridge Movement Model; FK = Fixed Kernel; MCP=
Minimum Convex Polygon; NL = Neighbour Linkage.

b 1= Leite ef al., (this study); 2= Bertsch & Barreto, 2008; 3= Bernal & Mejia, 1995; 4= Bernardo et al., 2011; 5= Santamaria & Franco, 1994, Parra et
al., 2001.



Supplementary Material

Table S1. Summary of IUCN Red List status for all Cracidae genera, with all curassows
in bold. EW = Extinct in the wild, CR = Critically Endangered, EN = Endangered, VU

= Vulnerable, NT = Near Threatened, LC = Least Concern.

Genus EwW CR EN VU NT LC Total
Aburria 1 1
Chamaepetes 1 1 2
Crax 2 3 3 8
Mitu 1 1 2 4
Nothocrax 1 1
Oreophasis 1 1
Ortalis 1 14 15
Pauxi 2 1 3
Penelope 1 2 4 8 15
Penelopina 1 1
Pipile 1 1 1 2 5
Total 1 6 8 9 4 28 56
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Resumo

A perda da variabilidade genética em espécies ameacgadas de extingdo pode afetar a
sobrevivéncia de futuras geragdes dessas populagdes. Crax globulosa ¢ uma espécie
ameacada de extingdo, sendo a caga e a perda do habitat as principais ameacgas. Apesar
da importancia para a conservacdo, pesquisas utilizando genética de populagdes em
Cracideos de vida livre sdo escassos. Neste trabalho, verificamos a diversidade e
estruturacdo genética de populagdes de Crax globulosa da Amazodnia brasileira e
peruana, através do sequenciamento de dois genes mitotocondriais, ND2 ¢ NDS5 e
analises gendmicas com marcadores SNPs. Ao todo, foram utilizadas 53 amostras para
analises do mtDNA e 18 para o DNA nuclear. A diversidade genética encontrada foi
relativamente alta, com uma média de H=0.909 para mtDNA e baixa para os SNPs, com
uma média de He=0.497. A populacdo da Amazonia peruana se mostrou geneticamente
estruturada em relagdo as populacdes da Amazonia brasileira nas analises mitocondriais.
No entanto, nas analises gendmicas houve estruturacdo entre todas as populagdes. Os
resultados mostram que as populacdes vém perdendo variavilidade genética do passado
ao presente e as populacgoes, principalmente do Peru, devem ser tratadas com distingao

em futuros planos de manejo e conservagdo da espécie.

Palavras-chave: conservacao, manejo, diversidade genética, mtDNA, ddRADseq
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Introducio

A diversidade genética pode ser avaliada pelas diferencas individuais detectadas
tanto no fenotipo quanto no gendtipo dos individuos de uma espécie, enquanto que a
estrutura genética ¢ determinada pela biologia da espécie, o meio ambiente € os
processos evolutivos, tais como: a selecdo natural, o fluxo génico e a deriva genética
(Slatkin 1987; Frankham et al. 2004). O grau de variabilidade genética a nivel
molecular ¢ tipicamente descrito através dos niveis de polimorfismos, heterozigosidade
e diversidade alélica (Frankham et al. 2002). A manutencao dos niveis de variabilidade
genética das populagdes ¢ um dos focos principais da genética da conservagao, pois esta
associada a capacidade de adaptagdes das espécies ao meio ambiente, como a
resisténcia a doengas, maior crescimento, taxas e estabilidade no desenvolvimento
(Saccheri et al. 1998; Westemeier et al. 1998; Frankham et al. 2002).

O conhecimento da estrutura genética e dos niveis de fluxo génico das
populacdes sdo importantes pardmetros para a conservagao das espécies. Em populagdes
que ndo possuem uma diferenga na estruturacdo genética, o fluxo génico pode estar
homogeneizando a composicdo genética, o que reduz essa diferenca entre as
populagdes, e assim o manejo entre elas ¢ uma alternativa viavel (Crochet 1996). Uma
vez identificada que uma populacdo ¢é estruturada, a mesma pode ser tratada como uma
unidade de manejo distinta a fim de que sejam elaboradas estratégias de conservacao
especifica para essa localidade (Palsbell et al. 2007; Schwartz et al. 2007.)

O mutum-piuri (Crax globulosa) pertence a familia Cracidae da ordem
Galliformes, uma das mais antigas linhagens das aves modernas (Claramunt e Cracraft
2015). E uma espécie endémica do oeste da Amazonia, habita florestas de varzea e ilhas
fluviais de alguns rios deste bioma (Sick 1997; del Hoyo et al. 2017). A espécie ocorre
no Brasil, Peru, Colombia, e Bolivia (Sick 1997; BirdLife Internacional 2017). No
Brasil a espécie ¢ encontrada principalmente nos rios Purus, Jurud, Solimdes e Japura, e
no Peru, nos rios Napo, Maranon, Ucualy e Paztaza (Birdlife Internacional 2017; del
Hoyo et al. 2017). Apesar da ampla distribuicdo geografica, as populagdes sdo
descontinuas e subpopulacdes sdo geralmente limitadas a <250 individuos (Brooks et al.
2006). Segundo a BirdLife Internacional (2017) a espécie estd na categoria de “Em
perigo de extingao”, com a caga e a perda do habitat sendo os principais motivos para a
redugdo populacional, que pode afetar a variabilidade genética e consequentemente
aumentar as chances de extin¢ao da espécie.

Para verificar a estrutura e variabilidade genética das populacdes e estabelecer as
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relagdes entre os individuos de Crax globulosa foram usados os marcadores
moleculares ND2 e ND5 (mtDNA) e SNPs (nDNA). O mtDNA tém um papel importante
nos estudos filogenéticos e de genética de populagdes devido as suas caracteristicas.
Este, possui heranga uniparental (linhagem materna) e auséncia de recombinacgdo e
rearranjos genéticos (Avise et al. 1987); tem um alto nivel de variabilidade e uma alta
taxa de evolucdo de 5-10 vezes maior quando comparado com o nDNA (Brown et al.
1979).

Os SNPs (Single Nucleotide Polymorphisms) estdo amplamente distribuidos no
genoma ¢ sao as formas mais frequentes de variagdes genéticas. Possuem heranca
biparental ¢ sdo bialélicos, sua alta densidade permite estudar a heranga de regides
gendmicas (Morin ef al. 2004). Uma forma répida e econémica de identifica-los é o
screening de pequenos segmentos do genoma de varios individuos, que sdo adjacentes
ao sitio de reconhecimento de uma enzima de restricdo. Esses segmentos sdo
conhecidos como RADs (Restriction-Site Associated DNA) e o seu desenvolvimento
permite ter uma subamostra do genoma de regides homodlogas para a descoberta de
milhares de SNPs e um alto rendimento na genotipagem de populacdes (Baird et al.
2008). Um dos métodos mais eficientes ¢ o0 ddRADseq (double digest RAD sequencing),
que consiste em gerar bibliotecas gendmicas que possuem fragmentos obtidos mediante
digestdo com duas enzimas de restricao e que estdo dentro de uma faixa de tamanho
selecionada (Peterson et al. 2012).

Os genes ND2 e ND5 ja foram usados em estudos anteriores em representantes
da familia Cracidae (Pereira et al. 2004) e o uso de SNPs ¢ uma nova abordagem para
estudos populacionais nesse grupo, pois a maioria dos estudos prévios utilizaram
marcadores microssatélites (Hughes e Larson 2000; Pereira et al. 2004; Alvarez-Prada e
Ruiz-Gracia 2015). Neste trabalho verificamos a diversidade e a estrutura genética das
populagdes de Crax globulosa da Amazonia Brasileira e Peruana. Considerando que a
espécie ocupa as regides do sistema de varzea, testaremos a hipotese de que as
populacdes de C. globulosa ndo sejam geograficamente estruturadas, uma vez que esse
sistema funciona como um facilitador da dispersdo e fluxo génico entre algumas

espécies de aves Amazonicas (Gascon et al 2000; Aleixo 2004).
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Material e Métodos
Area de estudo

Amostras de Crax globulosa para a extracdo de DNA foram obtidas de quatro
localidades no Brasil e uma na ilha do rio Marandn no Peru (Figura 1). As localidades
no Brasil incluiram as regides no baixo rio Purus (Pu) na Reserva de Desenvolvimento
Sustentavel (RDS) Piagagu-Purus (4°11'25.98"S 61°43'48.93"0), a RDS Mamiraud
(Ma) que fica entre os rios Solimdes e Japura (2°25'26.92"S 65°13'15.00"0O) e o baixo
(J1) (3°31'18.24"S 66° 7'55.54"0) e médio rio Jurud (Jm) (5°46'28.49"S
67°46'20.96"0). No Peru (Pe) a ilha amostrada foi a Cacao a 30 km da cidade de Leticia
na Colombia (4° 2'46.83"S 70° 9'19.66"0).

As amostras foram obtidas através de coletas de sangue de individuos
capturados, penas ¢ tecido de individuos abatidos nas comunidades ribeirinhas da
regido. No total 53 amostras foram utilizadas para as analises do mtDNA e 18 amostras
para analises genomicas (Tabela 1). Foi utilizado um niimero menor de amostras para as
analises genomicas pelo fato de os SNPs estarem amplamente distribuidos no genoma e
sdo as formas mais frequentes de variagcdes genéticas, portanto poucas amostras de boa
qualidade de uma populaciao podem fornecer dados suficientes para analises genomicas.
Outro fato, é que a maioria das amostras da populacdo de Mamiraud eram provenientes
de animais formalizados, o que prejudicou a obtengdao de DNA de boa qualidade para os
SNPs. O DNA extraido foi suficiente para a amplificagdo dos genes mitocondriais mas

ndo para a construcdo da biblioteca genomica.

DNA mitocondrial

O DNA genomico (gDNA) total foi extraido usando o protocolo de CTAB 2%
(Doyle e Doyle 1987). A qualidade da extracdo foi analisada através da eletroforese
horizontal em gel de agarose 1% e tampdao TBE. Os DNAs genomicos foram
quantificados no espectrofotdmetro NanoDrop 2000 (Thermo Scientific) para verificar a

concentragdo e qualidade das amostras.

Amplificacdo e sequenciamento

Os fragmentos mitocondriais foram amplificados através da reacdo em cadeia da
polimerase (PCR) usando os primers especificos para a espécie ND2 F260 (5°-
ACAACAGCAATCGCAATCAA-3’), ND2 R700 (5-
GGCCTGCTAGGGAGAGTAGG-3"), ND5 L (5’-CCTACATCGTACCCGCAAAA-3’)
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e ND5 H (5’-GGGAGGTCGATTAGGGAGTT-3"). O produto de PCR foi purificado
com ExoSAP-IT seguindo o protocolo do fabricante. As reagdes de sequenciamento
foram realizadas utilizando-se o Kit BigDye e protocolo do fabricante. As sequéncias
foram resolvidas em sequenciador ABI 3500 (Life Technologies), editadas e alinhadas
no programa Geneious (versao 11.0.2). Elas foram traduzidas em aminoacidos usando o
programa MEGA ver.6 (Tamura et al. 2013) para verificar a presenga de cddons de

parada.

Analises genéticas (mtDNA)

Para estimar os niveis de diversidade genética foram usadas duas medidas: a
diversidade génica ou haplotipica (H), que representa a probabilidade de que duas
sequéncias escolhidas aleatoriamente sejam diferentes (Li 1987; Nei 1987), e a
diversidade nucleotidica (7), que faz referéncia a probabilidade de que dois sitios
homologos (nucleotideos) escolhidos ao acaso sejam diferentes (Tajima 1983; Nei
1987). Esses parametros foram estimados através do programa Arlequin ver. 3.5.1.3
(Excoffier e Lischer 2010).

A diferenciacdo entre ¢ dentro das localidades estudadas, foi estimada mediante
a analise de variancia molecular (AMOVA), que se baseia na variancia das frequéncias
génicas levando em consideragdao o nimero de mutagdes entre haplotipos. Os grupos
sdo definidos a priori e ¢ realizada uma andlise hierarquica dos componentes da
varidncia devido a diferengas entre individuos, e entre ou dentro das populagdes,
calculando o indice @s7, analogo ao indice de fixag¢do (Fst) (Excoffier et al. 1992). O
&sr par a par foi usado para medir a quantidade de diferenciacdo genética entre
populagdes. Uma estimativa aproximada do fluxo génico (Nm) entre as localidades
amostradas foi calculado a partir do Fst¢ através do modelo de migragdo-ilhas, em que
Fst = 1/(Nm +1). Ambas as andlises foram implementadas no programa Arlequin ver.
3.5.1.3 (Excoffier e Lischer 2010).

Adicionalmente, a estrutura genética das populagdes também foi inferida através
do método que estima a formagdo de grupos biolodgicos baseado em um modelo
Bayesiano implementado no programa BAPS v.6.0 (Bayesian Analysis of Population
Structure) (Corander et al. 2003; Corander et al. 2008). Esta analise utiliza um
algoritmo de busca estocastica que calcula a distribuicao posterior dos parametros do
modelo condicionados pelos dados observados, nesse caso as frequéncias nucleotidicas

das sequéncias de DNA. Para determinar o numero de populacdes mais provavel (K),
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foi realizada uma analise de mistura de populacdes. O K ¢ incluido como parametro a
ser estimado e a melhor particdo (nimero de clusters) dos dados ¢ identificada como a
de maior probabilidade.

A hipotese de isolamento por distancia foi testada mediante analise da relacao
entre distancias genéticas (@sr) € geograficas (calculadas medindo a distancia em linha
reta e seguindo o curso dos rios), utilizando o teste de Mantel (Mantel 1967). Foram
feitos dois testes: o primeiro com todas as localidades; o segundo retirando a localidade
do Peru, dado que ela pertence a uma ilha. As analises foram realizadas no programa
Arlequin ver. 3.5.1.3 (Excoffier e Lischer 2010).

A rede de haplotipos foi gerada para visualizar as relagdes genealdgicas entre os
individuos usando o programa HaploViewer (Salzburger et al. 2011). O programa
converte as arvores geradas a partir de métodos de reconstrucdes filogenéticas
tradicionais em genealogias de hapldtipos. As arvores foram criadas no programa
TreeFinder v.2011 (Jobb et al. 2004), usando o modelo de substitui¢do mais apropriado
€ 200.000 réplicas.

A demografia historica da populacdo foi estimada através das andlises de
mismatch distribuition em 2 diferentes passos: no programa DnaSP v5 (Librado e Rozas
2009), onde as distribuicdes de diferengas par a par sdo comparadas com uma
distribuicao esperada sob um modelo nulo de uma populagdo estacionaria, € no
programa Arlequin ver. 3.5.1.3 (Excoffier e Lischer 2010), que estima o desvio das
somas-de-quadrado (SSD) e o indice de Harpending (Harpending 1994), com
significancia testada através de 10.000 permutagdes sob o modelo nulo da populagdao em
expansao.

Para testar a selecdo neutral e o equilibrio genético das populagdes foram usados
os testes de D de Tajima (Tajima 1989) e Fs de Fu (Fu 1997). Os dois se baseiam no
modelo de sitios infinitos sem recombinacao que € apropriado para sequéncias curtas de
DNA. O modelo assume que os sitios ao longo de uma sequéncia de DNA sofrem
mutacdes independentes dado que atuam sobre sitios que previamente nao tinham sido
afetados (Kimura 1969). A significancia dos valores para ambos os testes pode indicar
que as sequéncias ndo estdo evoluindo neutralmente e que outros fatores podem estar
afetando as populacdes como resultado de algum evento demografico ou
heterogeneidade nas taxas de mutagdes. Especialmente, a estatistica Fs de Fu ¢ muito
sensivel a expansdao demografica populacional e ao efeito carona (hitchhiking), gerando

valores negativos (Fu 1997). No caso do D de Tajima, valores negativos estdo

57



relacionados com expansdao demografica (por exemplo, depois de um gargalo
populacional recente), eventos fundadores ou efeito carona, enquanto que valores
positivos podem estar relacionados com sele¢ao balanceadora e subdivisdo ou contragdo
populacional (Tajima 1989). Os dois testes foram realizados no programa Arlequin ver.
3.5.1.3 (Excoffier e Lischer 2010).

Utilizamos o programa BEAST (Drummond e Rambaut 2007) para obter
estimativas independentes do parametro de diversidade 6 e investigar padrdes de
mudangas no tamanho efetivo populacional ao longo da histéria coalescente das
populagdes de Crax globulosa. As mudangas no tamanho efetivo populacional foram
inferidas através de plots da skyline bayesiana (Bouckaert et al. 2014). As andlises
foram corridas por 100 milhdes de geracdes com o descarte das 10 milhdes de amostras
iniciais, amostrando todas as milhares de topologias. A convergéncia de todos os
parametros foi avaliada por meio do programa TRACER (Drummond e Rambaut 2007).
O numero de corridas foi otimizado para obter o minimo de 200 arvores independentes,
expressadas pelo tamanho de amostras efetivas (ESS) no programa TRACER.

Para avaliar o fluxo de genes entre as localidades amostradas, realizamos uma
analise de maxima verossimilhan¢a com o programa MIGRATE-N (Beerli e Palczewski
2010). Nos corremos 10 cadeias curtas, amostrando cada cadeia 10.000 vezes, e depois
6 cadeias longas, amostrando cada cadeia 1.100.000 vezes e descartando as primeiras
100.000 amostras. Nesta analise, o parametro genético da populacdo theta (0) foi
utilizado para estimar o tamanho efetivo da populacdo de fémeas (Nef) e assumindo
uma taxa de mutacdo em 2,1% por milhdo de anos para genes de mtDNA (Wier e

Schluter, 2007).

DNA gendmico
Construcao de biblioteca genémica

Para a constru¢ao da biblioteca 0 método utilizado foi baseado por Peterson et
al. (2012) com adaptagdes e modificagdes da metodologia proposta por Martinez et al.

(2016).

Analises GenOmicas
Diversidade genética e estrutura populacional
Através do programa PGDSpider (Lischer e Excoffier 2012), o arquivo gerado

do sequenciamento gendmico foi transformado no formato especifico para correr no
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programa Arlequin ver. 3.5.1.3 (Excoffier e Lischer 2010). Semelhante a analise com o
banco de dados do mtDNA foi feita uma AMOVA e o nivel de estruturagdao das
populagdes foi estimado através da comparacdo par a par dos valores de Fst, também foi
realizada a andlise do coeficiente de endogamia de um individuo relativo a
subpopulagao (Fis). A heterozigosidade esperada (He) e observada (Ho) foi computada
separadamente para cada populagdo. O isolamento por distancia foi testado mediante o
teste de Mantel. As taxas de migragcdo (Nm) relativa bidirecional foram calculadas
usando a fun¢do online divMigrate no pacote em R diveRsity (Keenan et al. 2013).
Aplicou-se Bootstrapping de 1.000 interacdes para gerar intervalos de confianga de 95%
e para determinar se a migracgdo é significativamente maior em uma direcdo do que em

outra.

Analise Bayesiana de estrutura genética

Foi utilizado o programa Structure v. 2.3.4 (Pritchard et al. 2000) para identificar
a estrutura populacional a partir de gendtipos multilocos. O programa assume que
grupos bioldgicos sdo grupos de individuos em equilibrio de Hardy-Weinberg. Essa
estimativa ¢ feita mediante um algoritmo de agrupamento baseado em um modelo
Bayesiano que calcula a probabilidade posterior para diferentes nimeros de grupos
usando o modelo de mistura (admixture model) e frequéncias alélicas correlacionadas
(correlated allele frequencies). O primeiro modelo assume que os individuos podem ter
uma ancestralidade misturada, ou seja, que sua heranca genética pode ser derivada de
mais de uma populacdo; o segundo modelo considera que as frequéncias alélicas de
populagdes relacionadas, sao similares (Falush et al. 2003).

O programa foi implementado com os seguintes parametros: 100.000 geracdes
de "burn-in", 1.000.000 de geracdes de cadeia de Markov e Monte Carlo (MCMC) para
cada K. As simulagdes foram repetidas dez vezes para cada K, calculando a propor¢ao
de atribui¢do (Q) das localidades amostradas nos grupos detectados e o coeficiente
individual de agrupamento (q: propor¢do do genoma ancestral em cada individuo no
grupo). Esses resultados foram importados para o programa Structure Harvester (Earl e
vonHoldt 2012), onde o niimero 6timo de grupos biologicos foi determinado pelo
método de Evanno (Evanno et al. 2005). Os resultados foram permutados no programa
CLUMPP (Jakobsson e Rosenberg 2007). Por fim, as matrizes de cada valor de K foram
visualizadas no programa DISTRUCT (Rosenberg 2004).
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Resultados
Diversidade genética e estrutura das populacfes (MtDNA)

Foram analisadas 53 sequéncias dos genes mtDNA ND2 e ND5, os quais foram
concatenados em um fragmento com um tamanho de 844 pb. Ndo foram observados
codons de parada, insercdes, delecdes nem outras anomalias. As sequéncias mostraram
36 sitios polimdrficos e um total de 34 haplétipos (Tabela 2). Niveis altos de
diversidade genética foram encontrados em todas as populagbes (F=0,814 — 1,000), e
consequentemente a diversidade génica total foi também alta (A = 0,909 + 0,094).
Porém, as diversidades nucleotidicas foram baixas em todas as populacdes (0,002158 -
0.003796) assim como a diversidade nucleotidica total (0,002918).

A andlise da variancia molecular (AMOVA) mostrou que existe um alto nivel de
diferenciacdo genética entre as localidades amostradas (®st = 0,277 p < 0,0001), onde
27,77% da variacdo € distribuida entre as populacbes. Este resultado foi confirmado
pelas comparagBes em pares dos valores de ®°T, que foram significativos para todas as
comparagOes envolvendo a populagéo do Peru (Tabela 3). As comparagdes envolvendo
as localidades da Amazonia brasileira ndo foram significativas. Esses resultados
também sdo corroborados pelas comparacdes par a par dos valores de Nm, que foram
inferiores a 1 para todas as comparacdes envolvendo individuos na localizagdo do Pe
(Tabela 3).

Os resultados do fluxo génico bidirecional das andlises no MIGRATE-N
mostraram maior conectividade genética entre os individuos das localidades do Brasil e
um fluxo de genes restrito entre o Peru e o Brasil (Tabela 4). E possivel observar a
direcdo do fluxo génico entre as localidades em que os valores acima de 1 foram
intensos entre individuos de localidades do Brasil, por outro lado, os individuos da
localidade do Pe exibiram valores de imigrantes apenas com Ma e valores de emigrantes
com a localidade de JI.

As distancias entre as localidades em linha reta estiveram entre 145 e 920 km. O
teste de correlacdo entre distancias geograficas e genéticas, ndo foi significativo (0,426,
p = 0,248). No entanto, as distancias entre as localidades pelos rios foram maiores, entre
280 a 1577 km e o teste de correlagéo foi significativo (0,582, p < 0,04) mostrando um
padrdo de isolamento por distancia. Retirando a localidade do Peru o teste ndo foi
significativo para as populagdes da Amazonia brasileira, tanto em linha reta ou seguindo
0 curso dos rios (0,599, p = 0,151; 0,431, p = 0,332).

O namero de grupos bioldgicos estimado pelo programa BAPS foide k=3 (p =
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0,999). Eles correspondem ao grupo azul, que ocorre apenas na populagdo do Peru, e
grupos verde e vermelho, que se distribuem em todas as populacdes, apresentando um
padrdo de mistura (miscigenacdo), entretanto, indicando uma falta de subestruturagdo
geografica (Figura 2).

Dos 34 haplotipos observados, quatro foram os mais representativos € o restante
foi encontrado s6 em um individuo ou no maximo dois, mostrando uma grande
quantidade de haplotipos raros. A rede de haplotipos revela que provavelmente o
haplétipo H1 ¢ o mais ancestral. Os haplotipos H1 e H2 foram os mais frequentes nas
populagdes de Crax globulosa dentro do Brasil. H1 inclui pelo menos um individuo de

cada localidade do Brasil. O haplétipo H4 foi exclusivo para os individuos do Peru.

Demografia Histérica

O teste de neutralidade D de Tajima ndo foi significativo para nenhuma
populacdo, enquanto que o Fs de Fu foi significativo para as populacdes do JI, Ma e Pu
(Tabela 2). Quando analisadas todas as localidades, o teste D nao foi significativo (D = -
0,370, p > 0,05), enquanto o Fis foi significativo (Fs = -3,020, p < 0,05). Os resultados
do teste de mismatch distribuition realizado no software DnaSp v5 (Librado e Rozas
2009) para a localidade do Peru apresentou uma curva multimodal que se adapta a
distribuicao esperada de tamanho populacional constante (Figura S1), entretanto para a
amostragem da Amazonia brasileira apresentou uma curva unimodal sugerindo uma
expansao populacional (Figura S2). Nas localidades individuais ndo houve diferengas
observadas (Tabela 2). O mismatch distribuition realizados no Arlequin ver.3.5.1.3
(Excoffier e Lischer, 2010) com o modelo nulo da subita expansao da populagdo foi
rejeitado, tanto os modelos observado e esperado indicaram a regularidade do tamanho
da populacdo (Tabela 2). O resultado da anélise no Skyline plot indicou constancia no
tamanho efetivo populacional ao longo do tempo para as duas mega regides. A
diversidade genética obtida das populagdes do Peru recuperaram uma constancia
populacional de 38 mil anos até o presente, e para as populagdes do Brasil a estabilidade
populacional foi de 1.4 mil anos até o presente. As estimativas do tamanho efetivo
populacional de fémeas (Nef) por amostragem populacional foram altas. Para as
populagdes do Peru se estimou um total de 117.142 individuos, e para as populagdes do

Brasil a estimativa foi de 667.718 individuos (Tabela 2).
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DNA genomico

Para gerar o arquivo usado nas analises posteriores, foi usado o componente
Populations do Stacks, no qual foi estabelecido que para a escolha dos SNPs, eles
deviam estar presentes em pelo menos 90% dos individuos (-r 0.90), a frequéncia dos
seus alelos devia ser maior que 1% e s6 devia ser anotado um tnico SNPs por locus.

Assim, o arquivo final continha 862 SNPs.

Diversidade genética e estrutura populacional

A andlise global de variancia molecular (AMOVA) mostrou que existe uma
pequena diferenciacdo genética entre as localidades amostradas, ela ndo foi significativa
(Fst = 0,054, p = 0,886), onde apenas 5.4% da variacdo esta distribuida entre as
populacdes. Na comparagdo par a par, apenas as populagdes do Pu e Jm tiveram uma
diferenca significativa (Tabela 5), embora o indice entre a populacdo do Pe e as
populacbes de JI e Jm foram maiores que 0,22. A média do coeficiente de endogamia
das populacdes de Crax globulosa revelou um alto nivel de reproducdo entre parentes
(Fis = 0,888, p < 0,001). A analise da diversidade genética, mostrou que o nivel Ho
foi menor que a He nas populacdes (Tabela 6).

O programa Structure, utilizado para determinar o ndmero de grupos
biol6gicos mais provaveis, identificou seis grupos bioldgicos, com um certo grau de
mistura entre as localidades. Entretanto, considerando-se os valores de atribuicdo (q)
para cada populacdo, pode-se inferir que cada populacdo apresenta-se estruturada. A
populagdo do Pe possui g > 0,73 para o grupo amarelo (Pe). A populagdo do Jl
apresentou atribuicdo de g > 0,76 para o grupo rosa. J& a populacdo do Pu apresentou g
> 0,84 com predominancia para o grupo vermelho. A populacdo do Jm foi a mais
misturada apresentando menores valores de atribui¢do, sendo composta de g > 0,35 para
o0 grupo azul, g > 0,31 para o grupo verde, e g > 0,18 para 0 grupo rosa.

O teste de Mantel, para uma analise de correlagcdo entre distancia geografica e
genética ndo foi significativo tanto em linha reta (-0,261, p = 0,395) quanto pelo curso
dos rios (-0,448, p = 0,711), quando as localidades foram analisadas juntas. Os
resultados do fluxo génico bidirecional das analises no divMigrate-online mostraram
que existe pouca conectividade genética entre os individuos das quatro localidades com
valores de taxa relativa de Nm menor que 60% em quase todas as populactes (Tabela

7). Apenas as populagdes do JI e Jm tiveram o valor proximo a 100% (Figura S3).
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Discussio
Diversidade genética: mtDNA x SNPs

Este ¢ o primeiro estudo de genética da conservacao de C. globulosa envolvendo
as populacdes do Brasil, que ¢ considerado a localidade com maior nimero de
individuos entre os paises onde a espécie ocorre (BirdLife Internacional 2017). Ainda
que o numero relativamente pequeno de amostras da populacdo do Peru possa gerar
alguma variacdo nos resultados, € preciso considerar que a coleta de amostras viaveis de
uma espécie rara e ameagada ¢ relativamente complicada. Crax globulosa ¢ uma espécie
arisca e muito perseguida por cacadores, sempre voa para longe quando algum humano
se aproxima (Leite com. pessoal). A tentativa de captura para coleta de material
bioldgico ¢ um trabalho arduo, e ainda se soma ao fato da espécie viver na varzea, onde
pelo menos de 4 a 6 meses por ano a floresta fica alagada.

Os niveis de diversidade genética obtidos pelo mtDNA mostraram uma alta
diversidade genética nas populagdes estudadas de Crax globulosa com os marcadores
mitocondriais, porém para os SNPs a He foi considerada de média para baixa. Em
comparagdo com as populagdes da Colombia e Peru, a diversidade haplotipica total do
mtDNA foi menor que a encontrada nessas populagoes (H =1 +/- 0,034) (Alvarez-Prada
e Ruiz-Gracia 2015). Analises utilizando marcadores microssatélites em individuos de
cativeiro de C. globulosa nos EUA, também encontraram uma alta diversidade (H =
0,71) (Hughes e Larson 2000).

Existem poucos estudos com diversidade genética de populagdes naturais de
cracideos. No Brasil, um estudo com Crax fasciolata verificou que nao houve diferencga
na diversidade genética entre uma populacao de vida livre na regido do rio Parana no
estado de Sao Paulo e uma de cativeiro (He = 0.68), utilizando somente trés loci de
microssatélites (Gongalves et al. 2010). Contudo, ¢ provavel que as populacdes
selvagens desta espécie tenham tido uma perda da diversidade genética principalmente
devido a reducao do tamanho da populagdo causado pela fragmentacdo do habitat nas
ultimas décadas no estado de Sao Paulo (Pereira e Wantjal 2001). No presente trabalho
o nivel de Ho nos SNPs foi menor que a He, uma das causas dessa diferenga pode ser o
alto nivel de endogamia dentro das populacdes, onde o alto valor encontrado no
coeficiente de endogamia (Fis) pode explicar essa hipdtese. Outra razdo € que a Ho leva
em consideracdo o n amostral, enquanto a He ndo ¢ afetada pela quantidade de
amostras, por isso € o valor mais apropriado para se considerar no indice de diversidade

genética (Frankham et al. 2004).
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Embora Crax globulosa esteja passando por um processo recente de redugao
populacional devido a constante caga e perda do habitat (BirdLife Internacional 2017), a
espécie ainda mantém uma diversidade genética alta (mtDNA), possivelmente devido
aos grandes tamanhos populacionais que existiam antes dessas ameagas. De fato os
resultados obtidos evidenciaram que as populagdes de Crax globulosa possuem um
tamanho efetivo populacional grande (Tabela 2), e que historicamente as populagdes
ndo passaram por mudangas em seu tamanho efetivo populacional nos tltimos 38 mil
anos para as populacdes do Peru, e 1.4 mil anos para as populagdes do Brasil. Os
indices de diversidade genética e de valores significativamente negativos em Fs de Fu
(p < 0,05) foram observados para individuos das populac¢des do JI, Ma, Pu e todas as
localidades juntas, o que indica que as populagdes nestas localidades estdo ou podem
estar sofrendo uma recente expansao populacional. A estatistica F's ¢ mais sensivel para
a deteccdo de expansdao da populacdo e leva em conta a influéncia do tamanho da
amostra na analise (Ramos-Onsins e Rozas 2002).

Outro motivo que pode aumentar a diversidade genética dentro das espécies € o
fato de ela poder ser poligdmica. Anteriormente, os cracideos eram considerados
monogamicos (Sick 1997; Delacour e Amadon 2004), no entanto, com observagdes em
campo, foi verificado que elas possuem o comportamento de poliginia, que se
caracteriza por um Unico macho acompanhado por duas ou mais fémeas (Buchholz
1991; Strahl et al. 1997). Embora a poliginia possa reduzir a diversidade genética
devido aos efeitos negativos no tamanho efetivo populacional (Briton et al. 1994),
estudos recentes mostraram que esse sistema de acasalamento pode aumentar a
diversidade genética, devido a escolha das fémeas por machos mais saudaveis e

competitivos (Slate et al. 2000; Pérez-Gonzalez et al. 2009).

Estrutura populacional: mtDNA x SNPs

Nas nossas analises de mtDNA, podemos observar a existéncia de um padrao de
distribuicdo da diversidade genética nas populagcdes de Crax globulosa, onde a
populacdo do Peru se difere das demais do Brasil, enquanto nas analises com SNPs o
padrdo de estruturacdo foi muito maior, onde todas as populagdes apresentaram niveis
de estruturacdo genética diferenciados. Para os dados de m¢tDNA o isolamento por
distancia parece ser a causa da diferenciacdo genética entre a amostragem do Peru e as
do Brasil quando a andlise ¢ realizada utilizando o curso dos rios, pois a espécie ¢é

conhecida por habitar somente areas inundaveis nas margens de rios, lagos e ilhas
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fluviais (Hill et al. 2008; Luna-Maira et al. 2013). Um trabalho realizado com as
populacdes de ilhas no Peru e Colombia utilizando sequéncias do gene ND2 e
microssatélites foi encontrada uma moderada estruturagdo genética entre as localidades
com Fst=0.17 para mtDNA e baixa para os microssatélites com Fst=0.027 (Alvarez-
Prada e Ruiz-Gracia 2015). Em nosso presente estudo com marcadores mitocondriais,
ndo identificamos estruturacdo entre as localidades do Brasil, somente entre estas e a do
Peru. Diferentemente, para os resultados de SNPs a distancia geografica parece ndo ser
a causa das diferenciacdes populacionais.

Entdo, qual a causa da estrutura populacional entre a amostragem da Amazonia
peruana e as localidades da Amazonia brasileira com marcadores mitocondriais € uma
maior estruturagdo com SNPs? Os resultados do teste de Mantel para os dados de
mtDNA mostraram que o isolamento por distdncia ¢ um significante fator da
estruturacdo. A média das distancias entre a localidade da ilha na Amazonia peruana
para a localidades do Brasil foi de 1.175 km.

Nesse sentido, qual outro fator poderia estar contribuindo para a diferenciagao
observada? Os dados obtidos com mtDNA recuperaram os padrdes genéticos mais
pretéritos das populacdes, j4 os dados com os SNPs evidenciaram que a estruturagdo
observada no passado aumentou ainda mais neste periodo contemporaneo. Esses dados
podem indicar que a estruturacdo observada com os dados de SNPs pode estar
relacionada a perda de habitat e caca que a espécie vem sofrendo ao longo dos anos,
reduzindo o fluxo génico entre essas localidades, como foi observado nas estimativas no
divMigrate-online. As populagdes das ilhas do Peru e Colombia mostraram divergéncia
na estruturacdo nos genes nucleares embora pequena (Alvarez-Prada e Ruiz-Gracia
2015), podendo ser efeito também da caga e da fragmentagdo. Outro fator que pode
corroborar ¢ que algumas localidades onde Crax globulosa era conhecida, como o alto
rio Madeira ou ao longo do médio rio Solimdes, atualmente a espécie ¢ considerada
extinta devido a caca e perda do habitat, levando a um processo de fragmentagcdo das
populacdes (BirdLife Internacional 2017), o mesmo processo pode ser observado
atualmente no médio Jurud, onde a espécie ¢ considerada rara proximo ao municipio de
Carauari, devido a caca para o consumo e venda da carne no municipio e a retirada da
cobertura vegetal ao longo das margens do rio e igarapés.

Adicionalmente, no caso dos resultados obtidos pelos dados de mtDNA, a
hipotese para a estrutura populacional entre a amostragem da Amazonia peruana € a

brasileira pode ser devido as diferengas no sistema de varzea nestas duas regides, sendo

65



que as regides onde estdo localizadas as populacdes amostradas no Brasil estdo dentro
das areas onde a varzea tem a sua maior amplitude pela drenagem dos grandes
tributarios do rio Amazonas (Schongart e Junk 2007), o que pode facilitar o fluxo
génico entre essas populacdes, enquanto que a populagdo do Peru habita uma floresta de
varzea menor € mais restrita, além disso, considerando que estamos lidando com
fémeas, talvez este resultado indique que as fémeas sdo mais filopatricas do que os
machos. A amplitude do sistema da véarzea diminui nas partes oriental e ocidental da
bacia (Junk et al. 2011) podendo dificultar a dispersao desses individuos, e
adicionalmente neste ambiente os individuos estdo distribuidos em ilhas. Outro fator
importante ¢ a dindmica desse sistema de cheia e seca, que favorece o surgimento de
novas ilhas nos rios e a aproximagdo dessas ilhas com a margem oposta, possibilitando
o contato dessas populagdes que estavam separadas e consequentemente o fluxo génico.

Como ja mencionado no caso dos resultados genéticos obtidos pelo mtDNA, as
amostragens nas regides de varzea da Amazonia brasileira ndo apresentaram
diferenciagdo genética com o marcador de linhagem materna, mesmo entre localidades
separadas pelo rio Amazonas. As regides amostradas compdem regides de grande
influéncia do sistema da varzea. Aleixo (2004), também utilizando marcadores
mitocondriais, ndo encontrou diferencas genéticas em populagdes de aves nestas
regides, sugerindo que a idade recente das terras baixas do oeste da Amazonia, em torno
de 2,5 milhdes de anos (Hoorn et al. 1995; Campbell et al. 2001) seria a melhor
explica¢do. Os rios do oeste da Amazonia sendo mais novos e parte do sistema da
varzea facilitariam a migragdo e o fluxo génico entre as populagdes, com isso a fixagao
de haplotipos Unicos para cada populagdo pode levar mais tempo. As populagdes do
Brasil parecem ser as mais ancestrais devido ao compartilhamento de um dos haplétipos
mais comuns, geograficamente ¢ o grupo mais amplamente distribuido e na
configuragdo da rede de haplotipos, aparece como o centro da rede a partir da qual se
derivam os outros trés haplotipos mais frequentes. A populacdo do Peru possui
haplotipos exclusivos, talvez devido ao efeito fundador das populagdes que colonizaram
mais ao oeste da Amazonia, efeito este que pode ter levado a fixacdo destes haplétipos.
Porém, populagdes ndo amostradas, como da Bolivia no rio Negro e Colémbia no rio

Caqueta poderiam esclarecer melhor este cenario.

Implicagdes para a Conservagao

Dados moleculares podem ser uma ferramenta muito importante para a
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conservagao de espécies ameacadas, pois permitem identificar populagdes estruturadas e
consequentemente unidades evolutivas significativas e unidades de manejo (Moritz
1994; Crandall et al. 2000; Fraser e Bernatchez 2001; Palsbell et al. 2007). A
identificacao de populacdes bioldgicas e o conhecimento da escala geografica na qual as
populagdes sdo demograficamente ligadas ou independentes sdo importantes para o
monitoramento ¢ manejo das espécies (Moritz 1994; Palsbell et al. 2007). Sob uma
perspectiva de conservacao, as populacdes do Brasil (Purus, Mamiraua e Jurud) e Peru
representam duas unidades distintas de acordo com os resultados dos genes
mitocondriais, € as populagdes do Brasil também se mostraram distintas na analise com
os SNPs com base nos critérios de Moritz (1994). Entdo, sugerimos que futuras
estratégias para conservacao das populagdes de C. globulosa manejem essas unidades
separadamente, uma vez que apresentam estruturas genéticas distintas.

Embora a diversidade haplotipica seja considerada alta, possivelmente devido a
estimativa do tamanho efetivo das populacdes de fémeas em 117.142 individuos para a
amostragem do Peru e 667.718 individuos para as popula¢des do Brasil. A He
encontrada foi média para baixa. Desta maneira, o monitoramento das populagdes ¢
essencial para que esse indice ndo reduza mais colocando essas populagdes em riscos
adicionais. Além disso, nossos dados sugerem que outros fatores mais atuais, tais como
caca e perda de habitat sobre a espécie podem ter sido responséaveis pela estruturagao
das subpopulagdes observada pelos marcadores mais variaveis (SNPs).

Crax globulosa ¢ atualmente considerada “em perigo de extingdo”. No entanto,
nao existem dados sobre o efeito da exploracdo da espécie, ndo hd dados histéricos
sobre a taxa do seu consumo, € no Brasil existem poucos trabalhos a respeito da sua
biologia, como distribuicdo, abundancia, e uso do habitat (Leite et al. 2017). Em
conclusdo, existe uma necessidade urgente para mais estudos sob todos os aspectos da
biologia desta espécie, além de proposta para criagdo de uma Unidade de Conservagao
de Protegdo Integral, com Crax globulosa atuando como uma espécie guarda-chuva para

esse ambiente tdo ameagado e desprotegido da Amazonia.
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Tabela 1 — Numero (N) de amostras de Crax globulosa utilizadas por localidades para as

analises genéticas.

Localidade Sigla N para mtDNA N para SNPs
Rio Purus Pu 11 6
Baixo Jurua Jl 5 3
Meédio Jurua Jm 21 5
Mamiraua Ma 8 -
ITha Cacao Peru Pe 8 4
Total 53 18
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Tabela 2. Indices de diversidade genética e teste de neutralidade das populagdes de C. globulosa. N = nimero de individuos por localidade; Nh =

nimero de haplotipos; S = nimero de sitios segregantes (polimoérficos); H, diversidade haplotipica de Nei; #, diversidade nucleotidica de Nei;

Tamanho efetivo populacional de fémeas (Nef) derivado de theta (0); D (p), teste D de Tajima com valor de p (o = 0.05); teste F's de Fu com valor

de p (o =0.05). *Valores significativos em um nivel de p<0.05.

7

Localidades N S Nh H T Nef Arlequin - HRI  Arlequin SSD Tajimas’D Fu’s Fs
Pe 8 8 6 0,892+/- 0,111  0,003+/-0,002 117.142 0,108 (0,417) 0,032 (0,375) 0,090 (0,560) -1,500 (0,120)
J 5 7 5 1,000+/-0,126  0,003+/-0,002 79.047 0,080 (0,892) 0,013 (0,926)  -0,331 (0,450) -2,115 (0,034)*
Jm 21 7 8 0,814+/-0,057  0,002+/-0,001 70.476 0,031 (0,885) 0,005 (0,611)  -0,210 (0,442) -2,411 (0,055)
Ma 8 6 6 0,892+/-0,111  0,002+/-0,001 176.666 0,095 (0,534) 0,018 (0,536)  -0,129 (0,460) -2,317 (0,033)*
Pu 11 8 9 0,945+/-0,065  0,002+/-0,001 341.428 0,120 (0,280) 0,017 (0,378)  -1,273 (0,109) -6,755 (0,0001)*
Total 53 36 34  0,909+/-0,094  0,002+/-0,002 784.760 0,087 (0,602) 0,017 (0,565)  -0,370 (0,409) -3,020 (0.049)*
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Tabela 3. Estimativas indiretas do fluxo génico (Nm; acima da diagonal) de diferencia¢ao genética
(F'st; abaixo da diagonal @sr) nas comparagdes par a par entre as populacdes de Crax globulosa a

partir dos dados mitocondriais (ND2 e ND5)

Pe Jb Ja Ma Pu
Pe - 0,760 0,480 0,677 0,528
J 0,396* - 26,842 - 2,208
Jm 0,510* 0,018 - - 4,446
Ma 0,424* -0,044 -0,012 - 3,535
Pu 0,486* 0,184 0,101 0,123 -

* Indicativo de significancia p<0.05; Nm valores abaixo de 1 estdo em negrito.



Tabela 4. MIGRATE-N estimativa de fluxo génico entre populagdes par a par de Crax globulosa.

Localidades 4Nm (+ = populagado recebedora)
Theta
(4Ne mu)

Pe, + J, + Jm, + Ma, + Pu, +
Pe 0,00246 — 17,7 0,3 0,3 0,3
Ji 0,00166 0,3 — 980,3 959,7 7,0
Jm 0,00148 0,3 18,3 — 0,3 0,3
Ma 0,00371 13,0 961,7 970,3 — 980,3
Pu 0,00717 0,3 0,3 973,7 0,3 —
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Tabela 5. Matriz dos valores de Fst nas comparagdes par a par entre as populacdes de C. globulosa

a partir dos dados genomicos (SNPs).

Pe Pu J Jm
Pe -
Pu 0,011 -
JI 0,222 0,103 -
Jm 0,221 0,175* 0,197 -

*Indicativo de significancia p<0.05
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Tabela 6. Coeficiente de endogamia (Fis), Tamanho efetivo populacional (Nm) Heterozigosidade
observada (Ho), Heterozigosidade esperada (He) para as populagdes de Crax globulosa, utilizando

marcadores SNPs.

Populacéo (n) Fis Ho He
Pe (4) 0,421  0,194+/-0,274 0,521+/-0,114
Pu (6) 0,937 0,027+/-0,074 0,444+/-0,099
JI(3) 0,875 0,069+/0,162 0,569+/-0,099
Jm (5) 0,966 0,017+/-0,075 0,456+/-0,086
Média 0,885 0,076+/-0,146 0,497+/-0,099
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Tabela 7. divMigrate-online estimativa de taxa relativa de Nm entre populacdes par a par de Crax

globulosa utilizando marcadores SNPs.

Populacao Pe Pu Ji Jm
Pe - 0,734 0,546 0,65
Pu 0,61 - 0,582 0,937
JI 0,532 0,982 - 1
Jm 0,498 0,863 0,619 -
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Figura 1. Localiza¢ao das cinco areas de amostragem de Crax globulosa na regido amazodnica

brasileira e peruana.
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Figura 2. Graficos gerados no programa BAPS que mostra 0 nimero de grupos biologicos para C.
globulosa baseado nas sequéncias de mtDNA. Cada barra corresponde a um individuo e a sua cor
representa o grupo ao qual pertence. Sdo determinados trés grupos: azul, vermelho e verde.
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Figura 3. Rede de haplétipos baseada nas sequéncias de mtDNA, que mostra as relagdes
genealdgicas entre os individuos, gerada no programa HaploViewer. Cada circulo representa um
haplotipo e os nimeros indicam quantos individuos possuem esse haplétipo. Os haplotipos HI e H2
foram os haplotipos mais frequentes. Os nds representam haplotipos provavelmente nao

amostrados.
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Figura 4. Estrutura populacional determinada no programa Structure mediante inferéncia
Bayesiana. Foram analisados 862 SNPs de 18 individuos de 4 localidades. A maior probabilidade
posterior estd associada com seis grupos biologicos. a) Grafico individual; cada barra vertical

representa um individuo; b) grafico populacional.
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Figura S1. Padrao multimodal foi identificado no mismatch distribuition da populagao do Pe,

mostrando estabilidade histérica da populagdo.
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Figura S2. O gréafico de mismatch distribuition para as populagdes brasileiras mostra um padrdo

unimodal o que indica um cenario de expansao populacional recente.
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Figura S3. Fluxo génico bidirecional contemporaneo utilizando os marcadores SNPs, nas quatro

populagdes de Crax globulosa. A grossura das setas indica a intensidade de migrantes.
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Sintese

Os resultados aqui apresentados preenchem uma lacuna muito importante na genética de
populagdes e ecologia de Crax globulosa, principalmente no territdrio brasileiro. O trabalho
fornece ferramentas para novos estudos com espécies ameagadas de dificil manejo na vida
silvestre, como € o caso da familia Cracidae.

A caga e a perda de habitat s3o ameagas reais a espécie, pois a sele¢do por determinados
ambientes (reproducdo) pode reduzir as populagdes, afetando em poucas geragdes a
diversidade genética.

A criagdo de uma unidade de protegdo integral dentro da area de distribuicao da espécie
pode ajudar a proteger e manter as futuras populacdes, ndo apenas de Crax globulosa, mas
de tantas outras que dependem desse ambiente para sobreviver.

A conscientizagdo das populagdes ribeirinhas de modo que elas trabalhem em parceira com
as pesquisas, o conhecimento sobre a importancia da espécie para o meio ambiente ¢ a
adocdo da caca sustentavel ¢ de extrema importancia para que as futuras estratégias de

conservagdo sejam bem sucedidas.
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Abstract

Cracids comprise a large proportion of avian biomass in Neotropical rainforests. Their diet can vary
seasonally, and they can be important agents of seed dispersal. Crax globulosa inhabits varzea
forests of western Amazonia and is considered to be globally threatened. We detail the diet of Crax
globulosa based on our own field observations, as well as interviews with local people and analysis
of stomach contents, in the Jurud River region of Brazil. The species was observed using 51
different species of plants from 23 families. It consumed mostly fruits/seeds (69%), followed by
flowers and leaves. Just 13% of direct observations were of birds foraging on the ground, with
groups of up to eight individuals feeding together. Crax globulosa was observed consuming a
greater variety of species of plants in the high-water season (29 species). The stomach contents of
ten individuals showed that the species also feeds on invertebrates and ingests pebbles. Crax
globulosa has a more diverse diet in the low-water season, but still maintains a preference for
fruits/seeds. As the species remains in vdrzea forest throughout the year, a greater supply of fruits
during the high-water season is very important for the species and may be one of the reasons it

remains in this type of environment.

Key-words: floodplain, foraging, cracids, seasons, curassow
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The species of the Cracidae family are large birds of Neotropical forests that achieve their
greatest diversity in Amazonia (Strahl et al. 1997; del Hoyo 2017). All species are basically
frugivorous, although some species feed on leaves, flowers, invertebrates and small vertebrates (del
Hoyo 2017). They are important components of avian biomass in Neotropical bird communities
(Terborgh 1986; Strahl et al. 1997), and provide substantial amounts of protein for riverine and
indigenous human populations (Silva and Strahl 1991; Vickers 1991; Thiollay 1994). Cracids are
extremely sensitive to hunting and deforestation, and one of the most threatened avian groups in
Latin America (Collar et al. 1992; Galetti et al. 1997; Strahl et al. 1997), and can be used as
indicators of these two forms of human activity (Silva and Strahl 1991; Strahl and Grajal 1991).

Dietary studies of cracids are usually performed through analysis of fresh faeces collected in
the field (Merler et al. 2001; Mikich 2002), visual records of consumption (Santamaria and Franco
2000; Mogollon 2016) or analysis of stomach contents (Marion 1976; Erard et al. 1991). Studies of
faecal samples are mainly focused on verifying if species are potential seed dispersers (Santamaria
and Franco 2000; Mikich 2002). Some species can have a very diverse diet, consuming more than
100 different plant species, as well as invertebrates and small vertebrates (del Hoyo 2017).

The Wattled Curassow (Crax globulosa) is a large bird (ca 2.5 kg), endemic to the Amazon
basin, occurring in Brazil, Colombia, Ecuador, Peru and Bolivia (Bennett 2000; Aranibar-Rojas and
Hennessey 2006; Haugaasen and Peres 2008). It is found in the vdrzea forests and on islands in
some Amazonian rivers. The species is considered endangered due to hunting and has a small
population size, which is estimated to have suffered a very rapid decline in numbers (Aranibar-
Rojas and Hennessey 2006; BirdLife International 2017). Although it is present in five South
American countries, its ecology is little known, with most knowledge based on anecdotal
information or point records (BirdLife International 2017; del Hoyo et al. 2017). In Brazil, where
the largest population is believed to occur, only three studies of the species have been published
(Santos 1998; Haugaasen and Peres 2008; Leite et al. 2017).

The main objective of this study was to verify the diet of Crax globulosa through direct

observations in the field, interviews with residents and analysis of stomach contents.

Methods

The study was conducted along a tributary of the Jurud River (Marari) within the
Sustainable Development Reserve Uacari (Fig. 1). This forms part of the Jurua River Basin, 130 km
south of the town of Carauari, in the state of Amazonas, Brazil (05° 47’ N, 67° 45’ W). This region
is subjected to a well-defined seasonal rainfall regime, with a mean annual rainfall of 2400-2800

mm (Sombroek 2001). There is also a strong seasonal oscillation in river water discharge, with the
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low water season occurring from July to September.

To study Crax globulosa diet, direct observations were made in the field during August 2014
to October 2015. Observations occurred while monitoring three individuals (two females and one
male) captured and tagged with VHF transmitters in September and October 2014 (GAL unpubl.
data), in addition to other individuals observed casually at the study site.

Foraging records were confirmed by observing the individual or group feeding on a given
plant. Samples of fruits, flowers and leaves were collected whenever possible to identify the
species. It was also noted which part of the plant the species used (fruit, leaf, flower), whether it
was foraging alone or in groups, on the ground or perched, and the season (low water in July—
September, rising water October—December, high water January—March or receding water April—
June). Stomach contents of individuals hunted by communities near the study area were also
analyzed to complement our observations, especially to document food items not registered during
the field surveys.

In addition to field observations and stomach analysis, interviews were conducted with
residents of three communities near the study area (Fig. 1). These residents answered a

questionnaire about what kind of plant, part and time of year the person observed the species.

Results

During direct observations, the species was observed only feeding on plants. In all, 119
foraging records were recorded. Crax globulosa fed on 23 families of different plants, divided into
44 genera and 51 species (Table 1). The most woody plants belonged to the family Lecythidaceae
(22%), followed by Sapotaceae (10%) and Moraceae (9%). Six species of Fabaceae family were
used by Crax globulosa, followed by Sapotaceae with four species. The accumulation curve of
species of plants that Wattled Curassow used shows that the species’ dietary range of plants is still
incompletely known (Fig. 2).

The most frequently consumed food items were fruits/seeds (69%), followed by leaves (23%)
and flowers (8%). The season with most foraging observations was during high water (43%) with
29 species of plants consumed, followed by rising water and receding water (22%). Fruits were
consumed at all times of year, with more observations in the flood season (» = 39) and fewer when
waters were ebbing (n = 12). The number of foraging individuals ranged from one to eight, with
flocks of three being most frequent (39%), followed by single individuals (36%) and two
individuals (19%). During the lower, rising and receding water season only on nine occasions
(13%) was Crax globulosa observed foraging on the ground.

In all ten stomach contents were analyzed and these revealed additional items consumed by

Crax globulosa. All samples contained some plant material, all with seeds ranging in size from 5 to
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35 mm or pieces of wood. Most of the seeds were partially or completely destroyed. In five
samples, small pebbles of 4-7 mm in diameter were found. Also, invertebrate fragments of different
orders were found in seven stomachs (Table 2).

Through interviews with seven residents in the three communities, 13 species of plants were
recorded, thereby adding two families, three genera and four species to the diet of Crax globulosa.
Most of these observations involved the species feeding on fruits, and in the high water season

(Table 1).

Discussion

Previous studies have classified curassows as principally vegetarians (Delacour and Amadon
1973; Torres 1989), while others have considered them to be strictly frugivorous (Silva and Strahl
1991; Strahl and Grajal 1991), and some authors reported that they are granivorous (Terborgh 1986;
Terborgh et al. 1990) or frugivores that eat seeds (Moermond and Denslow 1985). But recent
studies have shown that the diet of cracids is more diverse, consuming, in addition to plant species,
vertebrates and invertebrates (Santamaria and Franco 2000; Mufioz and Kattan 2007).

Some species of the genus Crax have been subject to detailed studies of their diet. For
example, Crax rubra is known to include more than 40 species of plants in its diet, in addition to
invertebrates, mostly Scarapids (Sermefio 1997), while Crax alector in Colombia, has been
registered foraging on 111 species of plants, more than 20 orders of invertebrates and some species
of vertebrates (Delacour and Amadon 2004). This work identified 51 species of plants in the diet of
Crax globulosa, but the curve of species accumulation did not stabilize at the end of the
observations and it is probable that additional species of plants form part of the diet of the species in
the study region.

In all other species of curassows subject to dietary studies, the main component of the diet
was fruits of various sizes and species (Mufioz and Kattan 2007; del Hoyo 2017). The same is true
for Crax globulosa. This preference for fruits may be due to the diversity of fruits providing energy
in the form of carbohydrates, lipids and proteins (Mufioz 2003). Drupes and arillate fruits tend to be
high in lipids, and berries tend to be high in carbohydrates (Moermond and Denslow 1985), but
there is great variation even within genera. Although animal protein (invertebrates and vertebrates)
also has a great source of energy, the difficulty of obtaining this food can reduce its proportion in
cracid diets. Although leaves are abundant, few are consumed because they possess little energy
value (Mufioz and Kattan 2007).

The diet of Crax globulosa was previously poorly documented, with only a few records of
foraging on certain plants such as species of the family Cecropiaceae and Moraceae (Luna-Maira et

al. 2013; del Hoyo et al. 2017). Also the species was observed feeding on invertebrates and
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vertebrates (Delacour and Amadon 2004). Among stomach contents, in addition to plant and animal
material, small pebbles were also found in some stomachs. Other species of the family, mainly
curassows, consume pebbles to aid in the breakdown of hard seeds (Sick 1997; del Hoyo 2017). The
few records of the species feeding on the ground in this work show that Crax globulosa more
frequently feeds while perched on trees, unlike other curassows species that prefer to feed on the
ground (Delacour and Amadon 2004; del Hoyo et al. 2017).

During the high water season vdrzea forest is completely flooded and Crax globulosa
remains there at this time. In studies in vdrzea forest along the Purus and Solimdes Rivers it is
known that a greater amount of fruits are available during the high-water season (Ayres 1993;
Haugaasen and Peres 2005). This may be one of the reasons for the greater number of plant species
that Crax globulosa consumed at this season compared to other times of the year. However, further
studies on the seasonality of fruits in the regions where the species occurs may elucidate the choice
of certain species of plants seasonally.

Many species of tropical forest birds have little basic information from their natural history,
including Crax globulosa. Knowledge of an animal’s diet is very important for the elaboration of
future conservation strategies for endangered species. Action plans to manage these species depend
on knowledge of what the species consumes in its natural environment, in order to select areas that

provide the minimum conditions for the species to persist and breed.
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Table 1. Species of plants used by Crax globulosa at the Jurua River. Family and species. Item =

Fr = fruit, F1 = Flower, Le = leaf, Se = Seed. Season, Lo = low water, Hi = high water, Ri= rising

water, Re = receding water. Numbers of observations = N. Source DO = Direct observation, IN =

interview.

Family/specie Local Name Items Season N Source
Annonaceae
Annona sp. Ata-brava Fr Lo 1 Do
Malmea sp. Envieira Fr Hi 2 Do
Apocynaceae
spl. Murici-de-leite Fr Hi 1 Do
sp2. - Fr Ri 1 Do
sp3. Murici-de-leite Fr Hi 1 Do
Arecaceae
Euterpe precatoria Acai Fr Hi - In
Oenocarpus bacaba Bacaba Fr Hi - In
Celatraceae
Maytenus sp. - Fr Lo 1 Do
Clusiaceae
Calophyllum brasiliense Jacareuba Fr, Lr Ri, Re 3 Do, In
Elaeocarpaceae
Sloanea rufa Jangadeiro Fr, Le Ri, Re 3 Do
Sloanea sp. Aricurana Fr Hi, Re 1 Do
Euphorbiaceae
Hevea guianensis Seringueira Se Hi 2 Do, In
Mabea nitida Taquari Fr Hi 1 Do
Piranhea sp. Piranheira Fr Hi Re 7 Do
Fabaceae
Campsiandra sp. Capurana Le Hi 1 Do, In
Dialium sp. - Fr Hi 1 Do
Inga sp. Inga Se Hi 1 Do
Macrolobium acaciifolium Arapari Fr, Se Ri, Lo, 3 Do

Re

Macrolobium sp. - Fl, Ss Ri, Re 2 Do
Vatairea guianensis Fava-de-mutum Se Lo 2 Do, IN
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Huminaceae
Vantanea sp.
Lauraceae

Ocotea cymbarum

Ocotea sp.

Lecythidaceae

Eschweilera sp.

Lecythis sp.

Leguminosae
Abarema sp.
Malpighiaceae
Byrsonima sp1.
Byrsonima sp2.
Malvaceae
Pseudobombax munguba
Melastomataceae
Bellucia sp.
Miconia sp.
Meliacea
Trichilia sp.

sp2.

Moraceae

Ficus sp.

Ficus maxima
Sorocea duckei
Myristicaceae
Virola surinamensis
Myrtaceae

Eugenia inundata
Eugenia patrisii

Eugenia sp.

Quebra-macho

Louro

Louro-mamui

Mata-mata

Castanhola

Murici

Murici

Munguba

Goiaba-de-anta

Apui

Caxeguba

Caimbé

Ucuuba

Arati

Ubaia
Araca

Fr Hi

Fr Re

Fr, F1 Hi, Ri,
Lo, Re

FlL, Le Hi, Ri,

Lo, Re

Le Hi, Lo,
RE

Fl Re

Fr Lo

Fr Ri

Fr HI

Fr Lo

Fr HI

Fl Re

Fr Re

Fr Hi, Ri,
Lo, Re

Fr, Fl Hi, Re

Fr Hi

Se Hi, Ri

Fr Hi

Fr Ri

Fl Lo

11

15

Do

Do, IN

Do

Do

Do

Do

Do, In

Do

Do

Do
Do

Do
Do

Do

Do, In

Do

Do, In

In
Do
Do
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Putranjivaceae
Drypetes sp.
Rubiaceae
Calycophyllum spruceanum
Duroia sp.
Salicaceae

Banara guianensis
Sapindaceae
Matayba macrolepis
Sapotaceae
Manilkara huberi
Manilkara sp.
Pouteria sp.

sp4.

Urticaceae

Cecropia sp.
Verbenaceae

Vitex cymosa
Vochysiaceae

Vochysia sp.

Mulateiro

Sardinheira

Massaramduba
Maparajuba
Abil

Biorana

Embatba

Taruma

Orelha-de-burro

Fr

Fl
Fr

Fr

Fr

Fr, Le

Fr

Fr

Fr, Se

Fr

Fl

Lo

Hi
Hi

Hi
Hi, Ri
Lo
Hi

Hi, Ri

HI

Hi

Do

Do
Do

Do

Do, In

Do
Do
Do

Do

Do
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Table 2. Food items found in the analyzed stomachs of Crax globulosa in the Jurua River. S =

seeds, P = pebbles, W = wood, I = invertebrates.

Stomach Date Items Invertebrates

1 17/09/14 S,P 1 Coleoptera and Hymenoptera
2 14/10/14 S, 1 Bivalvia and Carabidae

3 20/12/14 S, 1 Scarabidae

4 20/12/14 S -

5 20/04/15 S -

6 07/05/15 S,P -

7 01/07/15 S,W,P, 1 Decapoda

8 10/06/15 S,P 1 Decapoda and Arthropoda
9 01/06/16 S, I Hymenoptera and Aranae
10 05/06/16 S,W,P, 1 Scarabaeidae
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Fig. 1. Location of the study area into diet of Crax globulosa. Marari (blue circle) and villages
visited (red triangles).

Fig. 2. Cumulative curve of observed plant species being consumed by Crax globulosa.
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Este documento (Autorizagdo para atividades com finalidade cientifica) foi expedide com base na Instrugao Normativa n*154/2007. Através do codigo
de autenticagio abaixo, qualquer cidadio poderd venficar a autenticidade ou reqularidade deste cocumento, por meio da pagina do SisbioICMBIo na
Intemet (www.icmbio.gov.brisisbio),
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Autorizagao para atividades com finalidade cientifica

NGmero: 40017-3 | Data da Emissdo: 17/12/2013 11:45 | Data para Revalidagdo®: 16/01/2015

* De acordo com 0 ant. 33 da IN 154/2009, esta avlorizacdo tem prazo de validade oquivalente 20 previsto no cronograma de akvidades do projeto,
mas devera ser revalidada anuakmente mediante a apresentagio do relaiério de atividades a ser enviado por meio do Sisbio no prazo de até 30 das
a contar da data do aniversarnio de sua emissao.
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Registro de coleta imprevista de material biolégico

De acordo com a Instrugdo Normativa n?154/2007, a coleta imprevista de material biolégico ou de substrato niao
contemplado na autorizagdo ou na licenga permanente devera ser anotada na mesma, em campo especifico, por
ocasiao da coleta, devendo esta coleta imprevista ser comunicada por meio do relatério de atividades. O transporte do
material biologico ou do substrato devera ser acompanhado da autoriza¢do ou da licen¢a permanente com a devida
anotagdo. O material biolégico coletado de forma imprevista, devera ser destinado a institui¢éo cientifica e, depositado,
preferencialmente, em colegao biokbgica cientifica registrada no Cadastro Nacional de Colegdes Bioldgicas (CCBIO).
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Intemet (www.icmbio.gov.be/sisbio),
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