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RESUMO

Estrutura populacional, diversidade genética, area de distribuicao e
conservacao do cardeal-amarelo En — Gubernatrix cristata (Vieillot, 1817) (Aves,
Passeriformes)(Emberizidae)

Gubernatrix cristata, o cardeal-amarelo, é uma espécie de ave rara do
Pampa. Ele tem uma distribuicdo geografica restrita ao sul da América do Sul (Uruguai,
Argentina e sul do Brasil) e é exclusivo deste bioma. Quatorze viagens de campo foram
feitas de Abril de 2006 a marco de 2009, em uma tentativa de encontrar individuos e
coletar amostras para andlise genética. Desenvolvemos dez marcadores
microssatélites isolados a partir desta espécie e caracterizamos a sua variabilidade
alélica. O nimero de alelos observados em cada locus variou de 4 a 14, com uma
média de 7,5 alelos por locus. Os microssatélites mostraram-se Uteis em revelar os
niveis de diversidade de G. cristata e, portanto, podem ser usados para explorar a
estrutura genética das populagbes dispersas ao longo de sua distribuicdo geografica
atual. Um total de 72 amostras de cardeal-amarelo foi usado neste estudo, 59 foram
de amostras contemporaneas e 13 amostras de espécimes de museu. Nés acessamos a
diversidade genética da espécie através dos dez loci polimdrficos de microssatélites
nucleares do G. cristata desenvolvidos nesse estudo e através de um fragmento do
gene ND2 do DNA mitocondrial. Encontramos apenas trés hapldétipos com diversidade
nucleotidica e haplotipica respectivamente igual a m = 0,00277 e Hd = 0,6219. O Fg
(0,00340) e Nm (73,18) mostraram uma fraca estruturacdo com pouca diferenciacdo
genética. A estatistica Fs de Fu foi significativamente diferente de zero (2,248) e D de
Tajima foi positivo (2,17506). Ambos os testes mostraram um indicativo de evidéncia
provavel de uma diminui¢do no tamanho da popula¢do e/ou sele¢do equilibradora. As
analises usando o "no admixture model" e um grande burnin (500000) ndo resultaram
em clustering dos individuos. Devido a esse resultado nenhuma atribuigdo individual a
uma area geografica foi possivel. O presente estudo auxilia na compreensao das
necessidades de conserva¢dao do cardeal-amarelo, fornecendo informacgbes sobre a
diversidade genética e estruturacao populacional ao longo de sua area de distribuicao.
Embora ndo tenhamos encontrado estruturacdo dentro da nossa area de estudo, é
preciso mais estudos, analisando a diversidade genética e estruturacdo populacional
em toda a drea de distribuicdo da espécie, e adicionando mais amostras de animais
silvestres da populacdo de La Pampa e de Corrientes. O mapa da area de distribuicdo
do cardeal-amarela parece estar ultrapassado devido a situacdo cada vez mais critica
gue a espécie esta enfrentando na natureza. Dada a recente falta de conhecimento
sobre sua distribuicdo e seu estado de conservacdo em seu habitat natural, decidimos
modelar a distribuicdo potencial da espécie. A principal idéia por tras dessa informacao
era propor estratégias para sua conservacdo. Para melhor alcangar esse objetivo,



focamos nossa pesquisa especificamente em a) localizar as populages silvestres desta
espécie no Rio Grande do Sul, Uruguai e Argentina, e b) identificar as areas de
ocorréncia do cardeal-amarelo que poderiam ser transformadas em areas protegidas.
Todos os registros georeferenciados de G. cristata foram extraidos de diferentes
fontes: através de trabalho de campo, peles de museu, literatura e bases de dados da
Internet. Para modelar a distribuicdo da espécie, foram selecionadas 20 varidveis
ambientais e o aplicativo de modelagem Maxent v. 3.3.2. Mapas de distribuicao
histérica e atual de G. cristata foram criados usando DIVA GIS. O modelo que melhor
prediz o indice relativo de adequag¢do ambiental para a espécie é o modelo onde a AUC
resultante sobre dados de testes foi 0,868. O resultado do teste de jackknife acerca da
importancia das varidveis mostrou que a varidvel ambiental com maior ganho quando
usada isoladamente é biol _sa_30s_cut (temperatura média anual) que, portanto,
parece ter as informacdes mais Uteis por si so. A varidvel ambiental que mais diminui o
ganho quando é omitida é alt_sa 30s_cut (altitude) que, portanto, parece ter o
maximo de informacdo que ndo estd presente nas outras varidveis. Se o objetivo de
pesquisas futuras do cardeal-amarelo em sua area de distribuicdo for detectar outras
populacdes, entdo as areas preditas em ter elevada adequabilidade relativa no modelo
espacial sdo um bom ponto de partida para a pesquisa mais direcionada. A pressao da
caca sobre a espécie é tao grande que o cardeal-amarelo hoje em dia parece ser
encontrado apenas em dareas de dificil acesso. Muitas das areas adequadas para a
espécie mostrada pelo modelo podem ainda conter populagdes e também podem ser
usadas como dreas-chave para futuras reintroducdes dentro do programa de
conservacdo do cardeal-amarelo.



ABSTRACT

Population Structure, genetic diversity, distribution range and
conservation of yellow cardinal En — Gubernatrix cristata (Vieillot, 1817) (Aves,
Passeriformes)(Emberizidae)

Gubernatrix cristata, the yellow cardinal, is a rare bird species from the
Pampas grassland. It has a restricted geographical distribution in southern South
America and is unique to this Biome (Uruguay, Argentina, and Southern Brazil).
Fourteen field trips were made from April 2006 to March 2009 in an attempt to find
individuals and collect samples for genetic analysis. We developed ten microsatellite
markers isolated from this species and the characterization of their allele variability.
The number of alleles observed for each locus ranged from 4 to 14, with an average of
7.5 alleles per locus. The microsatellites proved to be useful in revealing levels of
diversity in G. cristata, and thus can be used to explore the genetic structure of
scattered populations across its present geographic range. A total of 72 yellow cardinal
samples was taken in this study, 59 were from contemporary specimens and 13
samples were from museum specimens. We accessed the species genetic diversity
through ten polymorphic nuclear microsatellite loci of G. cristata and a ND2 mtDNA
fragment. We found only three haplotypes with nucleotide and haplotype diversity
equals to m = 0.00277 and Hd = 0.6219. The F, (0,00340) and Nm (73,18) shown a
weak structuring with little genetic differentiation. Fu's Fs statistic was significantly
different from zero (2,248) and Tajima's D was positive (2,17506). Both tests showed
likely evidence indicating a decrease in population size and/or balancing selection.
Analyses using the “no admixture model” and a larger burn-in (500000) yielded no
clustering of individuals. Due to this result no individual assighment to any
geographical area was possible. The present study assists in understanding the
conservation needs for yellow cardinal by providing information on the genetic
diversity and population structuring along its distribution range. Although we found no
structuring within our study area, further study is needed, examining the genetic
diversity and population structuring throughout the species’ range, adding more
samples from wild animals from La Pampa population and Corrientes. The yellow
cardinal distribution range map seems to be outdated because of the increasingly
critical situation the species is facing in nature. Given the recent lack of knowledge
regarding its distribution and its state of preservation in its natural habitat we decided
to model the species potential distribution. The main idea behind this information was
to propose strategies for their conservation. To better achieve that target we
specifically focused our research on a) locating wild populations of this species in Rio
Grande do Sul, Uruguay and Argentina, and b) identifying areas of occurrence of yellow
cardinal that could be turned into protected areas. We extracted all georeferenced G.



cristata records from different sources: field working, museum skins, literature, and
internet datasets. To model the species distributions, 20 environmental predictors
were selected. To model the species distributions we selected the modeling
application Maxent v. 3.3.2. Historical and current distribution maps of G. cristata
were created using DIVA GIS. The model that best predicts the relative index of
environmental suitability for the species is the model where resulting AUC on test data
was 0.868. The results of the jackknife test of variable importance showed that the
environmental variable with highest gain when used in isolation is biol_sa_30s_cut
(Annual Mean Temperature), which therefore appears to have the most useful
information by itself. The environmental variable that decreases the gain the most
when it is omitted is alt_sa_30s_cut (Altitude), which therefore appears to have the
most information that isn't present in the other variables. If the objective of future
surveys of the yellow cardinal in its distribution range is to detect other populations,
then areas predicted to have high relative suitability in the spatial model is a good
starting point for further targeted survey. The hunting pressure on the species is so
great that the yellow cardinal nowadays seems to be only found in areas of difficult
access. Many of the areas suitable for the species shown by the model may still
contain populations and can also be used as key areas for future reintroductions into
the yellow cardinal conservation program.
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1.1. Estruturacdo da Tese e Objetivos

A tese estd estruturada na forma de artigos. Para facilitar a consulta, foi dividida em
cinco capitulos.

Capitulo Um — Introducdo: Esse capitulo fornece informacdes detalhadas sobre a espécie
e drea de estudo, bem como métodos gerais utilizados nesta pesquisa. A primeira parte do capitulo
consiste em uma descricio detalhada do cardeal-amarelo (Gubernatrix cristata), fornecendo
informagBes sobre aspectos da taxonomia, morfologia, distribuicdo geografica, ecologia,
comportamento e uma visdo geral do estado de conservacdo da espécie e as ameacas que
enfrenta em seu ambiente natural. A segunda parte fornece informagdes sobre as ameacas
enfrentadas pelo cardeal-amarelo. A terceira parte apresenta os métodos gerais utilizados na
pesquisa e a quarta parte apresenta uma sintese dos resultados encontrados.

Capitulo Dois — Primeiro artigo: Esse capitulo apresenta o artigo apresentado durante o
exame de qualificacdo do doutorado e que foi publicado esse ano na revista Molecular Ecology
Resources.

Capitulo Trés — Segundo artigo: Esse capitulo apresenta o artigo que aborda a estrutura
populacional e diversidade genética de G. cristata. Apds a defesa o mesmo sera submetido a
revista Animal Conservation.

Capitulo Quatro — Terceiro artigo: Esse capitulo apresenta o artigo sobre a distribuicdo
potencial modelada para a espécie. Apés a defesa o0 mesmo sera submetido a revista Diversity and
Distribution.

Capitulo Cinco — Conclusao: Esse capitulo sintetiza as conclusdes gerais resultantes da
tese e recomenda ag0es para a conservacao da espécie.

Referencias — As referéncias bibliograficas seguem o estilo da APA (American
Psychological Association), como sugerido nas orientacdes ao autor de ambas as revistas - Animal
Conservation e Diversity and Distribution.

Além da introducdo e conclusdo em Portugués foi também incluida uma versdo em
Inglés desses dois capitulos bem como dos agradecimentos. Esse cuidado foi tomado em virtude
dos colaboradores canadenses dessa tese.

Nosso principal objetivo foi determinar o status das populacdes de Gubernatrix cristata
dentro de sua area de distribuicdo, especialmente aquelas encontradas no Rio Grande do Sul. Nos
focamos em aspectos da biologia reprodutiva, estrutura populacional e fluxo génico. A principal

idéia por tras dessa informacdo foi propor estratégias para sua conservacao. Para melhor atingir



esse alvo, especificamente, buscamos centrar nossa pesquisa em a) localizar as popula¢des
selvagens desta espécie no Rio Grande do Sul, Uruguai e Argentina, b) comparar as diferentes
populacbes em termos de variabilidade genética e para verificar o fluxo génico entre elas,
utilizando marcadores moleculares tanto nucleares (microssatélites) quanto mitocondriais (ND2),
c) identificacdo das popula¢cdes mais importantes em termos de variabilidade genética, onde os
esforcos de conservagdo deveriam ser concentrados, e d) identificacdo de dreas de ocorréncia de

cardeal-amarelo que poderiam ser transformadas em areas protegidas.

1.2. O cardeal-amarelo

Gubernatrix cristata é classificado como uma ave da ordem Passeriformes Linnaeus,
1758, Subordem Passeri Linnaeus, 1758, Parvordem Passerida Linnaeus, 1758, Familia Emberizidae
Vigors, 1825, e a Unica espécie do género Gubernatrix (Bencke, 2001; CBRO, 2009). Na literatura
(Sclater, 1888; Hudson, 1920; Wetmore, 1926) foram encontradas Gubernatrix cristatella e
Coccothraustes cristata como sinonimias de Gubernatrix cristata.

O macho tem peito e costas amarelo brilhante e crista, linha dos olhos e garganta pretos
(Fig. 1.1). Possui ainda a sobrancelha e faixa malar amarelas enquanto que na fémea sao brancas,
com um peito cinzento (Belton, 1994; Sick, 1997). O macho mede entre 19,2-20,1 cm e pesa cerca
de 46g (Belton, 1994; Sick, 1997).

Durante a estacdo reprodutiva o macho defende seu territério atacando de forma
agressiva outros machos. Usando um macho de cativeiro como chamariz, esse comportamento
territorialista passou a ser usado pelos cacadores como uma forma de captura-los (Fontana et al.
2003). O acasalamento ocorre na primavera austral, de novembro a fevereiro, com ninhos
contendo 2 a 3 ovos azuis esverdeados e manchados de preto (Fig. 1.2) com um periodo de
incubacdo de cerca de 13 dias (Belton, 1994). Em um trabalho de campo realizado em janeiro de
2007 em Lavalleja, Uruguai, encontramos um ninho (Fig. 1.3) em uma arvore de cerca de 4m de
altura conhecida como Virard, Ruprechtia salicifolia da familia Polygonaceae.

A alimentacdo da espécie consiste principalmente de grdaos, embora quando filhotes sdo
alimentados basicamente de insetos (Sick, 1997).

O cardeal-amarelo é uma espécie de ave rara do Pampa. Ele tem uma distribuicdo
geografica restrita ao sul da América do Sul e é exclusivo desse bioma (Uruguai, Argentina e sul do
Brasil) (Azpiroz, 2003). Esta espécie tem sofrido um dramatico declinio populacional ao longo de

sua drea de distribuicdo e seu estado de conservagdo é definido como ameacado de extingao (En)



(Endangered da sigla em inglés) (BirdLife International, 2000; Fontana et al., 2003).

Na Argentina é agora raro exceto muito localmente (Fraga, 1997). Pode ser encontrada
em San Luis, Buenos Aires, La Pampa e Rio Negro (especialmente entre General Conesa, San
Antonio Oeste e Viedma). Ha popula¢des importantes em Corrientes (Pay Ubre e Estancia San
Antonio), Entre Rios (recentemente na 4rea de Montiel, Ceibas e Estancia La Choza) e Cérdoba
[recentemente em Chancani (Chebez et al., 1998)] (Di Giacomo, 2005). Ao mesmo tempo, Cérdoba
apresenta uma reducdo enorme da populacdo de cardeal-amarelo, apesar de alguns novos
registros (Kopta, 1999). H4 registros anteriores a 1975 de Salta, Tucuman, Santiago del Estero,
Santa Fe e San Juan, e foi registrado sem detalhes para Formosa, Chaco, La Rioja e (erroneamente)
em Misiones (Chebez, 1996). Matteucci e colaboradores (2007) afirmaram que a zona dos bajos
submeridionales é a drea mais importante em Santa Fé uma que é a zona onde se concentram a
maior densidade de cardeal-amarelo no Chaco argentino. Os autores, entretanto ndo dizem o quao
grande é a populacdo nem se estd diminuindo.

No Uruguai, a espécie foi historicamente encontrada em 13 departamentos, mas
recentemente apenas em Paysandu, Rio Negro, Florida, Rocha, Lavalleja e Artigas (Azpiroz, 2003;
BirdLife International, 2000; Lapitz, 2010; Martins-Ferreira, 2007). Em 1999, a populac¢do uruguaia
de cardeal-amarelo foi estimada em menos de 300 individuos, concentrados principalmente na
Bacia do Rio Uruguai (Azpiroz em litt. 1999).

Dois individuos coletados no Paraguai em 1905 eram provavelmente aves de gaiolas que
escaparam do cativeiro (Di Giacomo, 2005).

No Sul do Brasil (Rio Grande do Sul) ja era considerado raro na década de 1970 e 1980
(Belton, 1985). Desde entao, ele sofreu uma drastica queda e agora se acredita que esteja limitado
a locais restritos da Serra do Sudeste, proximo a fronteira com o Uruguai e na ponta Oeste do Rio
Grande do Sul (Fontana et al., 2003). Hd um registro de um macho de G. cristata em um parque
urbano de Porto Alegre (Parque Mascarenhas de Moraes) em outubro/novembro de 2005 (Scherer
et al., 2010). Este registro nao representa qualquer extensao de sua distribuicdo real, uma vez que
€ muito provavelmente uma fuga do cativeiro como concluiram os prdprios autores do trabalho.

Gubernatrix cristata é encontrado em bosques (incluindo bosques de Prosopis),
planicies, matagais e estepes arbustivas, em altitudes de cerca de 700 m acima do nivel do mar (Di
Giacomo, 2005). H4 uma populacdo reprodutiva no Rio Grande do Sul, Brasil, no Parque Estadual
do Espinilho (Damiani et al., 2009). Este parque é uma extensdo da provincia do Espinal, unidade
fitogeografica que descreve um grande arco irregular em territério argentino, a partir do centro da

cidade de Corrientes e Entre Rios, na costa atlantica, sul da provincia de Buenos Aires e passando



pela regido central de Santa Fé, Cordoba, San Luis e La Pampa (Marchiori, 2004). Membro do
dominio Chaquefio o Espinal se separa da Provincia Chaquefia pela auséncia de espécies do género
Schinopsis (Anacardiaceae) (Marchiori 2004). Dos seus trés distritos fitogeograficos, o do
"Nandubay", situado mais ao norte (ou nordeste do arco), inclui o Parque do Espinilho e distingue-
se pela associacdo de Prosopis affinis e P. nigra. Na Mesopotamia argentina, o "Espinal" também
pode incluir: o chaiar (Geoffroea decorticans), sombra-de-touro (Jodina rhombifllia) e até mesmo
duas palmas - a jatai (Butia yatay) e carandai (Trithrinax campestris) - além das espécies

anteriormente citadas (Cabrera & Willink, 1973).

1.3. As Ameacas

Devido aos raros avistamentos do cardeal-amarelo nos ultimos anos e sua situagao ruim
em areas adjacentes no Uruguai, a populacdo da serra do sudeste parece estar isolada (Martins-
Ferreira, 2007). A Unica populacdo reprodutiva selvagem conhecida no Brasil de G. cristata parece
estar limitada ao Parque Estadual do Espinilho e arredores (Damiani et al., 2009).

A exploracdo constante para o mercado de aves de gaiola continua a ser a ameacga mais
significativa. A destruicdo e a fragmentacdo de seu habitat foram enumeradas como possiveis
ameacas adicionais para a espécie (Chebez, 1994; BirdLife International 2000). A principal razido
por tras do trafico é que é um pdssaro de bonito colorido e canto melodioso. O crescente registro
na Argentina de hibridos entre diuca (Diuca diuca) e cardeal-amarelo parece ser uma resposta a
escassez de individuos do sexo masculino na populacdo da espécie (Bertonatti & Guerra, 1997,
2001). Até a publicacdo do Livro Vermelho da Fauna Ameacada de Extin¢do do Rio Grande do Sul
(Fontana et al., 2003), sabia-se que o cardeal-amarelo era capturado principalmente nos
municipios de Piratini e Pinheiro Machado. Apés as intensas buscas a campo realizadas durante a
execucao desse trabalho, pode-se acrescentar ainda a essa lista os municipios de Herval, Pedras
Altas e Lavras do Sul. No Rio Grande do Sul, boa parte da paisagem original do sul e oeste foi
convertida em plantacGes de arroz e pastagens para o gado. Entretanto, ndo se até que ponto essas
atividades afetam a espécie (Fontana et al., 2003). Presumivelmente, o seu habitat sofreu com a
conversdo para pastagem de gado, extracdo de madeira para lenha e mobilidrio (Chebez, 1994) e,
especialmente, pela arborizacdo rapida com plantios de eucalipto.

Hudson (1920) ja atestava que suas qualidades como belo passaro com voz alta e
musical fizeram dele um passaro de gaiola preferido. Loydi (2008) encontrou oito individuos de

cardeal-amarelo em pet shops da cidade de Bahia Blanca, Provincia de Buenos Aires, em 2004 e



mais 3 em 2007. A comercializagcdo da espécie ainda continua. Pereira e Brito (2005) encontraram
G. cristata sendo vendido na regido metropolitana do Recife em feiras livres. Pessino e Titarelli
(2006) disseram que é uma ave ainda muito valorizada como pdssaro de estimacdo e sugeriram
uma agao conjunta entre as trés provincias do limite sul da sua distribuicdo (Buenos Aires, Rio
Negro e La Pampa) como forma de diminuir a pressdo sofrida pelas populacGes da espécie. Dois
individuos foram avistados em dezembro de 1996 em Rio Negro, onde era uma espécie comum
gue foi diminuindo devido a caca (Seewald e Perez, 2009). Uma ameaca sofrida pelas aves em geral
em comunidades locais pobres, incluindo espécies ameacadas de extin¢do, é o uso delas como

meio de subsisténcia através da venda em autoestradas (Pautasso, 2003).

1.4. Métodos gerais

1.4.1. Métodos em Genética da Conservagao

Atualmente muitas espécies enfrentam os problemas da redu¢do severa de suas dreas
de distribuicdo causadas pela fragmentacdo e, em casos mais extremos, a perda total dos seus
habitats devido ao crescimento da atividade humana nas ultimas décadas. Tanto a perda do
habitat quanto o isolamento dos fragmentos remanescentes, pode reduzir o tamanho
populacional a niveis tdo baixos que a exting¢do local pode ser atingida (Gaines et al., 1997; Lacy,
1997). Dois processos tém uma grande importancia no aumento do risco de extingdo em
pequenas populacdes. Em primeiro lugar, processos ndo genéticos, tanto no nivel demografico
guanto ambiental, podem afetar parametros tais como a reproducao, mortalidade, distribuicdo
por classes de idade e proporcdo sexual seguidas de flutuagcdes no tamanho populacional
(Goodman, 1987; Shaffer, 1987). Segundo, quanto menor o tamanho populacional, mais suscetivel
ficam as populagdes a processos genéticos, tais como deriva genética e endocruzamento, seguidos
de perda da variabilidade genética populacional ou aumento da homozigose (Shields, 1993; Hartl
& Clark, 1997; Broders et al., 1999) e do efeito de depressdao por endocruzamento, ou seja,
diminuicdo do fitness da descendéncia por efeito do cruzamento entre aparentados. Esses
processos genéticos conhecidos como erosdo genética, podem causar degradacdo de importantes
caracteristicas da espécie como a sobrevivéncia, crescimento e reproducao (Shields, 1993; Hedrick

et al., 1996).



Apesar de que a discussdo a respeito do real impacto da depressao por endocruzamento
em populagdes naturais ainda existe, e que os padrdes observados em animais de cativeiro podem
ser bem diferentes daqueles achados na natureza (Hoelzel et al., 1993; Craig, 1994) a maioria dos
planos de conservagao atuais monitoram, tanto o tamanho, quanto a estrutura populacional e a
variabilidade genética das espécies (Lande, 1995; Gaines et al. 1997).

A ferramenta molecular mais usada neste tipo de abordagem sao as andlises de DNA
mitocondrial (mtDNA) que permitem o seguimento de rastros genealdgicos além dos limites
genéticos entre as populagdes, espécies e grupos taxondmicos mais elevados.

Outras vantagem no uso das informacdes obtidas a partir da andlise da diversidade
genética: reducdao do risco de extingdao reduzindo o endocruzamento e perda da diversidade
genética; identificacdo de populagdes importantes, do ponto de vista de variabilidade genética;
resolucdo da estrutura populacional; definicio de unidades de manejo dentro das espécies;
deteccdo de hibridizagOes; permite amostragem ndo-intrusiva para analise genética; possibilita a
definicdo de sitios para reintroducdo e escolha da melhor populacdo para reintroducdo; permite
uma melhor compreensdo da biologia da espécie (Avise et al., 1987a; Gaines et al., 1997; Lacy,
1997; Warning, 1994, 2000; Frankham et al., 2002; Sutherland et al., 2004).

Isto levou a melhor compreensdo de biogeografias regionais e areas de endemismo,
bem como a elaboracdo de propostas prioritdrias para a conservacdo das biodiversidades
taxondmicas e locais (Rojas, 1995; Moritz & Bermingham, 1998; da Silva & Patton, 1998; Firestone
et al., 1999; Jerusalinsky, 2001).

A maioria das espécies distribuem-se em populacdes geograficamente estruturadas,
muitas das quais podem experimentar pouco ou nenhum contato por longos periodos de tempo.
Outras espécies, entretanto, podem estar caracterizadas por expansoes recentes, o que determina
estreitas conexdes genealdgicas entre as populagdes resultantes (Ilbrahim et al., 1996).

Caracteristicas demograficas histdricas e contemporaneas podem afetar a estrutura
espacial de popula¢des co-especificas e com ela influenciar nas genealogias matrilineares em
varios sentidos. Um importante desafio dos estudos filogeograficos é decifrar os fatores
demograficos passados e presentes que produzem um determinado padrdo de relagbes
genealdgicas (Avise, 2000).

Duas metas fundamentais da genética da conservacdo sdo a prevencdo de problemas
associados ao endocruzamento e a deriva genética em pequenas populacdes e a descricao da
estrutura populacional com a finalidade de identificar unidades de conservacdo. A genética

molecular tem proporcionado numerosas técnicas de acesso a variabilidade genética dentro e



entre as populagdes, tanto através de polimorfismos de proteinas quanto de DNA (Avise, 1994).
Por serem altamente polimérficos e possuirem altas taxas de mutagdao (dentre outras
caracteristicas), os marcadores moleculares mais utilizados em estudos populacionais e
filogeograficos sdo o DNA mitocondrial e os loci de microssatélites.

O genoma mitocondrial de animais é hapléide e estd formado por uma dupla fita
circular entre 15000 e 17000 pares de bases de comprimento estando presente em centenas a
milhares de copias por célula (Meyer, 1993; Li & Graur, 2000).

Tipicamente cada genoma de DNA mitocondrial (mtDNA) consiste de 37 genes
funcionais sem longos espagos intergénicos. Estes loci codificam para 22 RNAs de transferéncia,
dois RNAs ribossdémicos e 13 RNAs mensageiros para a sintese de subunidades de proteinas
especificas envolvidas na fosforilagdo oxidativa e o transporte de elétrons (Avise, 2000).

O mtDNA é simples em estrutura e econémico em tamanho sendo que o Unico grande
fragmento ndo codificante (de aproximadamente 1000 pares de bases) é a regido controladora (CR
- Control Region) da molécula que tem funcdo regulatdéria na dindamica da molécula e é
predominantemente rica em bases AT (Brown, 1985). Nos vertebrados esta regido é referida como
D-loop (Displacement-loop) devido a formacdo de uma estrutura de fita tripla que gera
deslocamentos dinamicos no comeco da replicagdo do mtDNA (Brown et al., 1986).

Devido a rapida evolugdo o mtDNA torna-se um bom marcador para o estudo de
diferenciagdes genéticas recentes por acumular substituicdes de base, inser¢des e dele¢cdes com
uma taxa média de 5 a 10 vezes mais rapida que o DNA nuclear cépia simples (Brown et al., 1979).
Varias hipdteses tém sido levantadas na tentativa de explicar a rapida evolugdo do DNA
mitocondrial: alta taxa de mutac¢do devido a ineficiéncia dos mecanismos de reparo de DNA, alta
exposicdo aos radicais livres (mutagénicos) produzidos no interior da mitocondria ou ao rdpido
turnover dentro das linhagens celulares. Também o fato do DNA ndo estar complexado com
proteinas histonas, que sdo evolutivamente conservadas e poderiam limitar a taxa evolutiva do
DNA nuclear (Avise, 2000). Outra vantagem do mtDNA, como marcador para o estudo de
diferenciacOes genéticas recentes, é a freqliéncia extremamente baixa de transposicdes,
inversdes, rearranjos e recombinacdo (Brown, 1985). Isto permite a caracterizacdo de linhagens
filogenéticas sem a ambigiliidade causada pela recombinacdo meidtica que ocorre nos genes

nucleares.



1.4.2. Esfor¢o de Campo e de Laboratério

Foram feitas 14 viagens de campo de Abril de 2006 a marco de 2009 ao Rio Grande do
Sul e Uruguai, em uma tentativa de encontrar individuos e coletar amostras para andlise genética.
Cada viagem durou em média 10 dias o que resultou num total de cerca de 1680 horas de campo,
incluindo observagdes, transectos e capturas em redes de neblina.

Todos os exemplares foram anilhados com anilhas fornecidas pelo CEMAVE/ICMBio
(Centro Nacional de Pesquisa para a Conservagao de Aves Silvestres). Na Argentina, uma visita foi
feita ao Museo de Ciencias Naturales Bernardino Rivadavia onde, a partir de oito peles escolhidas
foram coletadas amostras de tecido, uma de cada provincia onde a espécie ocorria, e uma do
Uruguai. Um total de 97 amostras de cardeal-amarelo foram usadas neste estudo (Apéndice A.1)
sendo que apenas 72 funcionaram adequadamente.

Uma biblioteca de DNA genbémico enriquecido em microssatélites de Gubernatrix
cristata foi construida e dez loci de microssatélites polimérficos nucleares (com repeti¢cdes de 2
bp) foram selecionados com base nos niveis de polimorfismo e tamanho dos produtos de
amplificacdo. Os Primers desenhados e as condi¢des de PCR estdo descritos no capitulo 2.

Foi extraido DNA de amostras de pena utilizando o protocolo Alkali para extracdo de
DNA e foram sequenciados varios loci de DNA mitocondrial (mtDNA) utilizando primers de aves
degenerados de Sorenson (2003) para determinar se variabilidade genética suficiente estava
presente para analise. A regido controle, ATPase8 e ND2 foram escolhidas, uma vez que estas
regioes tém se mostrado Uteis em estudos de genética de populacbes de aves (Burg & Croxall,
2001; Oyler-McCance et al., 2005; Sorenson, 2003). Por¢cdes do gene ND2 foram amplificadas com
sucesso, mas nao foi possivel amplificar a regido controle e ATPase8. Devido a baixa qualidade do
DNA extraido de varias amostras, o gene foi amplificado em dois pedacgos e correu quatro reacdes
de seqlenciamento (ambas as fitas de cada produto de PCR). Os primers usados e as condicoes de

PCR estao descritos no Capitulo 3.

1.4.3. Métodos para Modelagem de Distribuigao

Todos os registros georeferenciados de Gubernatrix cristata foram extraidos de

diferentes fontes: registros em GPS durante trabalhos de campo, peles de museu, literatura e

bases de dados da Internet. No total este conjunto foi composto por 172 registros



georreferenciados pertencentes a individuos, casais ou um pequeno numero de aves vistas na
zona onde os registros foram tomados.

Para modelar a distribuicdo da espécie, foram selecionados 20 indicadores ambientais.
Foi feito o download de 19 variadveis bioclimaticas (1950 - 2000) e altitude (em m) do conjunto de
dados do WORLDCLIM (http://www.worldclim.org) para a América do Sul na resolu¢do de 30 arco-
segundo (~ 1km) (Hijmans et al ., 2005a).

BIOCLIM (usando a plataforma DIVA-GIS) e MaxEnt foram escolhidos para nossos dois
modelos preditivos biogeoclimaticos separados. DIVA-GIS é um plataforma baseada em SIG do
modelo BIOCLIM (Hijmans et al., 2005b) que se encaixa num envelope de habitat minimo da
espécie em um espago climdtico multidimensional. MaxEnt é um programa desenvolvido para a
modelagem de entropia maxima de distribuicdao geografica das espécies (Phillips et al., 2006) que
expressa a adequacdo de cada célula da grade em funcdo das varidveis ambientais nessa
qguadricula. Alto valor de fungdes indica condi¢des adequadas preditas para a espécie. Estes

modelos foram selecionados por acomodarem os dados de presenca apenas (Elith et al., 2006).

1.5. Resultados gerais

Em populagdes sofrendo um estrangulamento genético, a diversidade genética
observada excede a diversidade genética esperada em equilibrio sob a suposicao de equilibrio
mutacao-deriva. A hipdtese nula para o excesso de heterozigosidade foi testada usando o teste
Wilcoxon de Rank de Sinal Fornecido. As probabilidades no @mbito do Modelo de Alelos Infinitos
(IAM), Mutacdo de Duas Fases (TPM) e Mutacdo Step-wise (SMM), foram respectivamente: (P <0.
05273), (P> 0,09668) e (P <0,42285). A hip6tese nula é aceita no modelo SMM apenas, o que
implica que Gubernatrix cristata nao sofreu qualquer estrangulamento genético recente. Os
valores estimados do excesso de heterozigosidade e suas probabilidades de teste do sinal foram
5,89 (P <0,15033) para o IAM, 5,90 (P <0,15148) para o TPM e 5,91 (P <0,38936) para o SMM. A
hipotese de equilibrio mutacdo-deriva também ndo foi aceita com base no teste de sinal sob os
modelos de mutacao.

Somente 67 amostras foram seqlienciadas com sucesso para o fragmento ND2 alvo
(seqliéncias dos hapldtipos foram depositadas no GenBank sob nimeros de acesso HQ15712 a
HQ15714). Um total de 349 pb foram alinhados em amostras de G. cristata contendo sitios
informativos parcimoniosos e variaveis e um total de trés haplotipos (H1 - H3). Entre os hapldtipos

H1 e H2 75 passos mutacionais foram encontrados, ao passo que somente 34 entre H2 e H3.



Medidas de variabilidade genética tais como diversidade haplotipica (Hd), variacdo nucleotidica
estimada com base no nimero de sitios segregantes (1) e o nimero médio de diferengas em pares
de populacdes amostradas (k) sdo mostrados no Capitulo 3. Estimativas de diversidade
nucleotidica e haplotipica na amostra foram relativamente elevadas, com n = 0,00277 e Hd =
0,6219. A analise de network ndo revelou padrado de estrutura algum. O F (0,00340) e Nm (73,18)
mostraram uma estrutura¢do fraca com pouca diferenciagdo genética. Falta de apoio para a
hipotese de expansdo demografica foi o resultado de diferentes testes realizados para testar a
teoria neutra da evolugdao molecular: teste estatistico D* de Fu e Li (0,71916) ndo apresentaram
significancia estatistica (P> 0,10), bem como nao foi significativo o teste estatistico F* de Fu e Li
(1,34814) (P> 0,10). Estatistica Fs de Fu foi 2,248 o qual foi significativamente diferente de zero e é
uma evidéncia provavel indicando uma diminuicdo no tamanho da populacdo e/ou selegdo
equilibradora. D de Tajima foi positivo (2,17506), o que significa baixos niveis de polimorfismos de
freqliéncia alta e baixa, indicando uma diminuicdo no tamanho da populagdo e/ou selecdo
equilibradora.

Uma vez que a origem geografica exata de muitos dos individuos amostrados (45%) de
cardeal-amarelo é desconhecida ou incerta (muitos dos individuos que foram amostrados de
zooldgicos ou de particulares, ou que vieram de apreensdes policiais ndo foram associados a
informacdes confidveis sobre a sua localizacdo exata de captura), a andlise do Structure (Falush et
al., 2003) seria particularmente relevante porque isso permitiria o agrupamento de individuos,
sem a necessidade de uma informacao geografica a priori. Cinco corridas independentes parala6
populagdes, utilizando o modelo admixture e freqliiéncias alélicas afins entre as populagdes (Falush
et al. 2003), foram executadas no programa Structure. Os resultados de todas as corridas
(mostrado no capitulo 3) foram praticamente os mesmos sugerindo que ndo houve aglomeracdo
de individuos. Devido a esse resultado nenhuma atribuicdao individual a qualquer area geografica
foi possivel.

A distribuicdo das diferencas da variacao haplotipica observada foi unimodal revelando
uma partida da variacdo esperada em uma populacdo constante (k = 0,965, varia¢do de k = 0,7205,
r = 0,1319 estatistica de irregularidade).

Os mapas com uma discussdo detalhada dos resultados sobre os modelos de distribuicdo
da espécie sdo encontrados no Capitulo 4.

A partir da execucdo desse projeto avangamos o conhecimento sobre Gubernatrix
cristata, principalmente no que se refere ao seu status populacional dentro de sua area de

distribuicdo. Conseguimos determinar claramente onde a espécie ainda sobrevive no Brasil e quais



sdo, de fato, os melhores locais para se investir na sua conservagdo. A partir desse projeto,
definiram-se ag¢Ges para o0 manejo da espécie em cativeiro. Foram estabelecidas parcerias e novos
contatos que possibilitaram a centralizacdo de todos os exemplares oriundos de apreensdo no RS
em um local: o z6o de Gramado. Esse foi o primeiro passo para a criagdo de um programa de
reproducdo em cativeiro da espécie, bem como um protocolo sanitario nacional e o engajamento
de instituicdes publicas, privadas e ONGs para a conservagao de G. cristata. Um dos impactos mais
significativos do projeto foi o estimulo a criacdo do Plano de A¢do do Cardeal-Amarelo, uma vez
gue enquanto nao ha um projeto efetivo de conservagao para uma espécie ameacgada ndo ha como
definir acdes por parte do ICMBio. Algumas dessas acdes, embora ainda ndo tenha sido publicado
o plano, ja foram executadas e outras estdao sendo realizadas. O Projeto Cardeal-Amarelo iniciou
em 2005 como um projeto-piloto na regido de Pinheiro Machado e Pedras Altas. Ele tomou forma
em 2006 e 2007 com o apoio da Fundacdo O Boticario de Protecdo a Natureza. E seguira ainda por

muitos anos a frente, pois muitas questdes ainda precisam ser respondidas.



Figura 1.1. Macho de Gubernatrix cristata.
Departamento Lavalleja, Uruguay em 19.03.2009.

Foto de Claiton Martins-Ferreira Gubernatrix cristata nest
Date: 22/01/2007

Figura 1.3. Ninho de Gubernatrix cristata
encontrado abandonado e coletado. Departamento
Lavalleja, Uruguay em 22.01.2007. Foto de Claiton
Martins-Ferreira

Figura 1.2. Ovos de Gubernatrix cristata
encontrados em um ninho ativon. Departamento
Lavalleja, Uruguay. Foto de Alvaro Riccetto.
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CAPITULO DOIS

Isolation and characterization of 10 microsatellite loci in
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Abstract Gubernatrix cristata is a rare and endangered bird species from the South
American Pampas grassland with a restricted and patchy distribution. Here we report
the development of ten microsatellite markers isolated from this species and the
characterization of their allele variability. The number of alleles observed for each locus
ranged from 4 to 14, with an average of 7.5 alleles per locus. The microsatellites proved
to be useful in revealing levels of diversity in G. cristata, and thus can be used to
explore the genetic structure of scattered populations across its present geographic

range.

Keywords Gubernatrix cristata - Genetic diversity - Microsatellites - Endangered species

- Pampas grassland - Mithochondrial DNA -

Introduction

Gubernatrix cristata, the Yellow Cardinal,
is a rare bird species from the Pampas
grassland. It has a restricted geographical
distribution in southern South America
and is unique to this Biome (Uruguay,
This
dramatic

Argentina, and Southern Brazil).

species has undergone a
population decline across its range and its
conservation status is defined as
endangered (Fontana et al. 2003). The
remaining populations are small and
isolated (BIRDLIFE INTERNATIONAL, 2000,
2009). The destruction and fragmentation
of its habitat have been enumerated as
possible additional threats for the species,
as well as the extreme pressure of capture
to supply the traffic in wild animals
(Chebez 1994; BIRDLIFE INTERNATIONAL,

2000, 2009). The aim of this study was to

develop a set of polymorphic
microsatellite markers (Simple Sequence
Repeat — SSR) for G. cristata to describe
the genetic structure of these endangered
These the  first

isolated for the Yellow

populations. are
microsatellites
Cardinal. Thirteen field trips were made
from April 2006 to May 2008 in an
attempt to find individuals and collect
samples for genetic analysis. In Rio
Grande do Sul (the

Brazilian state), just three Yellow Cardinals

southernmost

were found in a single locality (Espinilho
State Park). In Uruguay, three separate
field trips to different localities located
only five individuals at a farm in Minas,
Lavalleja Department. In Argentina, a visit
was made to the Museo de Ciencias
Naturales Bernardino Rivadavia from
which tissue samples of eight skins were
collected, one from each province where



the species has occurred, and one from
Uruguay. The other samples came from
specimens seized by the Environmental
Police and are of unknown origin.

Material and Methods

Total DNA was extracted from 42
fresh samples of feathers or blood stored
on FTA Cards (Whatman) of G. cristata,
(using methods in Medrano et al. 1990;
Eguchi and Eguchi, Y. 2000; Bello, N. et al.
2001), and from 13 museum skin samples
(using methods in Mundy N. I. et al.
1997).
from genomic libraries partially enriched
for the nucleotide repeats (CT)n and

(GT)n using biotinylated oligonucleotide

Microsatellites were identified

sequences linked to magnetic particles
and recovered by streptavidin (KIJAS et
al., 1994; BILLOTE et al., 1999). DNA
fragments enriched with microsatellites
in pGEM-T Easy vector

described by the
manufacturer, and used to transform cells

were ligated
(Promega), as

of E. coli XL1Blue competent (Stratagene).
A total
obtained and sequenced using the BigDye
v3.1 Terminator kit and an ABI 3100
Genetic analyzer (Applied Biosystems).

number of 96 colonies were

From these sequences, 40 clones were
found to contain SSR motifs. Following
some simple rules to design efficient PCR
primers (WEISING, K et al. 2005) not all
positive clones were useful for primer

design. Forward and reverse sequences

were aligned in SegMan (DNASTAR
packet), and primers were designed for 23
loci using the software PRIMER3

(http://frodo.wi.mit.edu/cgi-bin/primer3/
primer3_www.cgi). For each SSR locus,
the forward primer was synthesized with

tail  (5-
which

adaptor for a

a 5 19 bp long M13

CACGACGTTGTAA  AACGAC-3)
functioned as an
fluorescently labeled primer. Following
the method of Schuelke (2000), three
primer amplifications were performed
using a locus-specific forward M13 tailed
primer, a locus specific reverse primer,
and a universal fluorescent-labelled M13
primer, labeled with either 6-FAM or VIC
(Applied the PCR
amplifications were made under the

Biosystems). All

following conditions: 94°C for 4 min,
followed by 36 cycles of 94eC for 30 s,
549C for 25 s, and 729C for 30 s, with a
final extension of 7 min to 722C. The
amplification volume was 12.5 upl and
consisted of: 3 ul of DNA, 6.67 ul H20,
1.25 pl buffer (10X:100 mM Tris-HCI, pH
8.3, 500 mM KCIl, 25 mM MgCl,, 0.1%
gelatin ), 0.28 pl dNTPs (10 mM), 5 pmol
reverse primer, 2.5 pmol forward primer,
5 pmol universal M13 primer, and 0.25 U
Tag polymerase (Amersham Pharmacia
Biotech). The amplified products were run
on an ABI 3100 Genetic Analyzer along
with the LIZ 500 size standard (Applied
Biosystems). The STRand v3.7 software
was used for peak scoring. ARLEQUIN
3.11 (EXCOFFIER et al. 2005) was used to
calculate the observed (HO) and the
expected (HE) heterozygosities, to test if
there was deviation from Hardy-Weinberg
equilibrium (HWE), and to test if there
was linkage disequilibrium among all pairs
of loci. MICRO-CHECKER (Van QOosterhout
et al. 2004) was used to quantify the
null

possible genotyping errors and

alleles. Ten SSRs were found to be

polymorphic, although four of them

presented null alleles according to



MICRO-CHECKER  (GcrisC02, GecrisE02,
GcerisF12, and GcerisH09) and ARLEQUIN
(Table 1). In the remaining six loci, linkage
disequilibrium among any pairs of loci,
genotyping mistakes because of the
presence of null alleles, allele dominance,
or stuttering were not detected. The
number of alleles per locus varied from 4
to 14 with an average of 7.5 alleles per
locus. The observed heterozygosity (HO)
varied from 0.126 to 0.893 and the
expected (HE) heterozygosity from 0.130
to 0.930, with means and standard errors
of 0.6824 + 0.1144 and 0.7132 + 0.0272
respectively (Table 1) (GenBank accession
numbers: GU237061 to GU237070). The
deviation from Hardy-Weinberg
equilibrium presented by 4 loci may be
the result of a sampling bias. Since the
species is rare and most of the material
used was from seizures made by the
Environmental Police, we cannot
determine if all of the samples represent
the same population. Samples could

differentiated

populations combined that may be the

represent several
cause of departures from HWE. For the
that had null
departed from HWE due to heterozygote

four loci alleles and
deficiencies, we estimated null allele rates
(Table 2). The high level of heterozygosity
observed indicates that the species has
not suffered any severe bottleneck, even
though this should be

regarded with caution because of the low

conclusion
sample size due to the rarity of the
species in the wild, and also because of
the low DNA quality in many of these
samples due to the material collected. In
terms of ex situ conservation, these data
allow us to conclude that creating a G.

cristata captive breeding program would
have a high probability of success since
the species is not suffering from low
levels of genetic diversity as shown by
the observed heterozygosity. The primers
proved to be useful in revealing levels of
diversity in G. cristata, and can be used to
explore the genetic structure of scattered
populations across its present geographic
range.
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Table 1. Gubernatrix cristata microsatellite loci characteristics

Locus Primer Sequences’ Repeat Alleles Size (bp) Ho He PIC values”

GcrisC02  F: TCACCCCTTTGGTTGCTTAC (CA)7 4 247 0,267 0,438* 0,373
R: TCAGGGGTGTGTCTCTCCTT

GcrisCO8  F: AGCCACTCATCCGATTTGTT (AC)8 6 174 0,911 0,791 0,748
R: AGTCTTGGCTGCCTGTCATT

Gcerise02 F: TTGGAGACCTTGTTGGTGTG (cA)8 4 227 0,229 0,710* 0,648
R: TCACACTGGGCACATGAGAT

GcerisF02 F: TTCACTGGGTTCACAGAAAGG (CA)12 14 190 0,833 0,893 0,873
R: GCTGTCGTCATTGTTCAGGA

GcerisF12 F: AAGATGTGCCTTTGGTCTGG (AC)9 (CA)7 6 230 0,600 0,784%* 0,734
R: CCATTGCAGAAATGTCCTGA

GerisG10  F: CAGGATCCTCTGCCATGTCT (CA)7 4 236 0,130 0,126 0,122
R: TTTTCCCTTTTAACGCCAAG

GerisHO6  F: GAGAGAAACCAGGTGCTTCG (CA)9 10 230 0,735 0,830 0,799
R: GTTTTAAGGCTGGGGACACA

GerisHO7  F: GTGTGACTTGTTCCCCTTCC (CA)7 (AC)5 6 213 0,739 0,755 0,709
R: ACAGGAGCAGCCAGTTGAAT

GerisHO9  F: CAAGGTGTTGTGGAGCCTTT (CA)7 10 236 0,702 0,834* 0,802
R: GCAACCAGCACATGAAATTG

GerisH12  F: AAGCGTGACCATGAAAAATGT (ca)7 5 249 0,232 0,700 0,637
R: TTCATCTGCCCTCCTTGTTC

% All forward primers were M13-tailed at the 5' end. Significant departures from HWE: * P < 0.001
b Polimorphism Information Content



Table 2. Estimates of null allele rates of four loci that departed from HWE using three methods of null allele estimation.

Locus Null Present Oosterhout  Chakraborty  Brookfield 1
Cc2 yes 0,2512 0,4278 0,1662
E2 yes 0,3045 0,4823 0,2682
F12 yes 0,1072 0,1248 0,0966

H9 yes 0,0694 0,0751 0,0631
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Abstract

Gubernatrix cristata, the Yellow Cardinal, is a rare bird species from the Pampas
grassland. It has a restricted geographical distribution in southern South America and
is unique to this Biome (Uruguay, Argentina, and Southern Brazil). Fourteen field trips
were made from April 2006 to March 2009 in an attempt to find individuals and collect
samples for genetic analysis. A total of 72 yellow cardinal samples was taken in this
study, 59 were from contemporary specimens and 13 samples were from museum
specimens. We accessed the species genetic diversity through ten polymorphic nuclear
microsatellite loci of Gubernatrix cristata and a ND2 mtDNA fragment. We found only
three haplotypes with nucleotide and haplotype diversity equals to t = 0.00277 and Hd
= 0.6219. The Fy (0,00340) and Nm (73,18) shown a weak structuring with little
genetic differentiation. Fu's Fs statistic was significantly different from zero (2,248) and
Tajima's D was positive (2,17506). Both tests showed likely evidence indicating a
decrease in population size and/or balancing selection. Analyses using the “no
admixture model” and a larger burn-in (500000) yielded no clustering of individuals.
Due to this result no individual assighment to any geographical area was possible. The
present study assists in understanding the conservation needs for Yellow Cardinal by
providing information on the genetic diversity and population structuring along its
distribution range. Although we found no structuring within our study area, further
study is needed, examining the genetic diversity and population structuring
throughout the species’ range, adding more samples from wild animals from La Pampa
population and Corrientes.

Keywords: Endangered species, Genetic diversity, Gubernatrix cristata, Mithochondrial DNA,
Microsatellites, ND2 gene, Pampas grassland.



Introduction

Gubernatrix cristata, the Yellow Cardinal, is a rare bird species from the Pampas
grassland. It has a restricted geographical distribution in southern South America and
is unique to this Biome (Uruguay, Argentina, and Southern Brazil) (Azpiroz, 2003). This
species has undergone a dramatic population decline across its range and its
conservation status is defined as endangered (BirdLife International, 2000; Fontana et
al. 2003). In Argentina, it is now rare except very locally (Fraga, 1997). In Uruguay, it
was historically known from 13 departments, but recently from only Paysandu, Rio
Negro, Florida and Rocha (BirdLife International, 2000; Azpiroz, 2003). In Southern
Brazil (Rio Grande do Sul State) it was already considered rare in the 1970s and 1980s
(Belton, 1985). Since then it suffered a dramatically decline and now is believed it is
confined to restricted spots in the SE hills, near Uruguayan border and at W tip of Rio
Grande do Sul (Fontana et al. 2003). Once the lack of yellow cardinal sightings in the
last few years and its bad situation in the adjacents areas in Uruguay, the SE hills
population seems to be isolated or even extinct. (Martins-Ferreira, 2007). The
remaining populations are small and isolated (BirdLife International, 2000). The only
breeding wild population known in Brazil of G. cristata seems to be limited to Espinilho
State Park (Parque Estadual do Espinilho) and surroundings (Damiani et al., 2009). The
destruction and fragmentation of its habitat have been enumerated as possible
additional threats for the species, as well as the extreme pressure of capture to supply
the traffic of wild animals (Chebez 1994; BirdLife International, 2000). The main reason
behind the traffick is that bird is a colorful and singing passerine. The male has a bright
yellow chest and back with black crest, eye line and throat. It has the full eyebrow and
malar stripe yellow while the female are white with a gray breast (Belton, 1994; Sick,
1997). During the breeding time the male defends its territory aggressively atacking
other males. That behavior turns to be a way how poachers capture them using a
captive male as decoy (Fontana et al. 2003). Hudson (1920) already atested that its
gualities as beautiful bird with loud and musical voice made it a favourite cage bird.
The growing record of hybrids among yellow cardinal and common diuca finch (Diuca

diuca) in Argentina seems to be a response to the shortage of male individuals in the



population of the species (Bertonatti & Guerra, 1997, 2001). With the null hypothesis
that Yellow Cardinal has not a population structure throughout its distribution range,
we decide to investigate that. Our aim was to determine the population status of
Gubernatrix cristata across its distribution range, taking in consideration the
population structure, genetic diversity and gene flow. Only with such information in

hand we would be able to propose a specific conservation strategy to the species.

Methods
Sampling

Fourteen field trips were made from April 2006 to March 2009 in an attempt to
find individuals and collect samples for genetic analysis. In Rio Grande do Sul (the
southernmost Brazilian state), just four Yellow Cardinals were found in a single locality
(Espinilho State Park). In Uruguay, four separate field trips to different localities found
only six individuals in Minas, Lavalleja Department, five in one farm and one in another
land. All of them were ring banded with rings provided by CEMAVE/ICMBio (National
Research Center for the Conservation of Wild Birds). In Argentina, a visit was made to
the Museo de Ciencias Naturales Bernardino Rivadavia from which tissue samples of
eight skins were collected, one from each province where the species has ocurred, and
one from Uruguay. Five more samples came from museum specimens: one from Museu
de Zoologia da Universidade de Sdo Paulo (MZUSP, Sdo Paulo, Brazil), two from Museu
de Ciéncias Naturais da Fundag¢do Zoobotdnica do Rio Grande do Sul (MCN/FZBRS,
Porto Alegre, Brazil) and two from Royal Ontario Museum (ROM, Toronto, Canada) (Fig.
1). The rest of the samples came from specimens seized by the Environmental Police
and are of unknown origin. A total of 97 yellow cardinal samples was taken in this study
(Appendix A.1). Some of which having been maintained (but not bred) in captivity by
zoos, conservation institutions, or private individuals. Of these, 25 presented a poor
DNA quality that wasn't possible to proceed with any analysis. From 72 samples that
worked properly 59 were from contemporary specimens. The other 13 samples were
from museum specimens (years 1905-1975) selected from across the range, but with a

special emphasis on the population in Argentina since many samples with unknown



geographical data were supposed to come. Blood samples were stored in FTA Cards
(Whatman) and feathers were placed in 95% ethanol solution. Museum tissues
samples had their DNA extracted using the DNeasy Tissue Kit (QIAGEN) with the
appropriate protocol according to the manufacturer for each type of tissue (Mundy, N.
l. et al., 1997). Contamination with modern DNA or PCR products was monitored by
including two extraction blanks in every extraction round and prevented by performing
all museum samples extractions in a dedicated ‘clean’ laboratory, kept free of good

guality DNA and PCR products.

T

a 400

Sample Points

w G cristata Distibution

kilometers

Figure 1. Map showing the points of collected samples from wild individuals or from
museum skins across G. cristata distribution range. Polygon used with permission from
Birdlife.
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Laboratory Analyses

A microsatellite-enriched genomic DNA library of Gubernatrix cristata was
constructed and ten polymorphic nuclear microsatellite loci (with 2-bp repeats) were
selected on the basis of polymorphism levels and size of amplification products. All
samples were genotyped using a polymerase chain reaction targeting different loci
(Table 1). Primers and PCR conditions are given in Molecular Ecology Resources Primer
Development Consortium (2010). PCR products were purified, cycle sequenced on both
strands, and run on an ABI 3730 sequencer.

We extracted DNA from feather samples using the Alkali protocol for DNA
extraction and attempted to sequence several mitochondrial DNA (mtDNA) loci using
degenerate avian primers from Sorenson (2003) to determine if sufficient genetic
variability was present for analysis. The control region, ATPase8, and ND2 were chosen,
as these regions have proven useful in population genetic studies of birds (Burg and
Croxall, 2001; Sorenson, 2003; Oyler-McCance et al., 2005). We successfully amplified
portions of the ND2, but were unable to amplify control region and ATPase8. Given the
lower quality of DNA extracts from many samples we decided to amplify the gene in
two pieces and run four sequencing reactions (both strands of each PCR product). The
primers used were ND2H 5' CCT TGA AGC ACT TCT GGG AAT CAG A 3' (Tavares et al.,
2006) - ND2F_Passerine 5' CCA YCC ACG AGC YAT TGA AGC 3' (new primer designed),
and MetLTF 5' AAG CTA TCG GGC CCA TAC CCG 3' (Tavares et al., 2006) -
ND2R_Passerine 5' GCC ATG CRT TGG TYA TGC TNG AG 3' (new primer designed). Those
primers were used to amplify a 349 base-pair region that contained the variable sites in
ND2. We amplified DNA via the polymerase chain reaction (PCR) in 12,5 pl reaction
volumes containing 2.0 pl DNA, 7.92 ul water, 0.5 pl (10 pmol) of each primer, and 1.58
pl PCR master mix, consisting of a 1.25 ul buffer (10X:100 mM Tris-HCI, pH 8.3, 500
mM KCIl, 25 mM MgCl,, 0.1% gelatin), 0.28 pl dNTPs (10 mM), and 0.05 U Taq
polymerase (Amersham Pharmacia Biotech). Reactions were performed under the
following conditions: initial denaturation at 94°C for three minutes, followed by 36
cycles of 94°C for 45 sec, 50°C for 45 sec, and 72°C for 1 minute and 30 sec, and a final

extension of 72°C for 7 minutes. The PCR products were then electrophoresed on a 1%



agarose gel containing ethidium bromide and visualized under UV light. Amplified
segments were purified by excising bands from agarose gels and centrifuging each
through a filter tip. The sequencing reactions were then electrophoresed on an ABI
Prism 3100 automated sequencer (Applied Biosystems). We sequenced in both
directions and sequences were aligned and assembled using ChromasPro V. 1.49
(Technelysium Pty Ltd) and aligned using the CLUSTAL W algorithm with default
options, implemented in MEGA 4.0.2 (Tamura et al., 2007). Alignments were checked
and edited by hand when necessary. The haplotype sequences were deposited in

GenBank under accession numbers HQ15712 to HQ15714.

Table 1. Gubernatrix cristata microsatellite loci used in this study.

Locus Repeat Alleles  Size (bp) Ho He GenBank no.

0,267 0,438*

GcerisC02  (CA)7 4 247 GU237061
0,911 0,791

GcerisCO8  (AC)8 6 174 GU237062
0,229 0,710*

GcerisE02  (CA)8 4 227 GU237063
0,833 0,893

GcerisF02  (CA)12 14 190 GU237064
(AC)9 0,600 0,784*

GcerisF12  (CA)7 6 230 GU237065
0,130 0,126

GcrisG10  (CA)7 4 236 GU237066
0,735 0,830

GcerisHO6  (CA)9 10 230 GU237067
(CA)7 0,739 0,755

GcerisHO7  (AC)5 6 213 GU237068
0,702 0,834%*

GcerisHO9  (CA)7 10 236 GU237069
0,232 0,700

GerisH12  (CA)7 5 249 GU237070

Significant departures from HWE: * P < 0.001

Statistical Analyses

We assessed the bottleneck history of these populations using Bottleneck
v.1.2.02 (Cornuet & Luikart, 1996). This program was used to detect a heterozygote
excess for individual populations, considering the two-phased model (TPM) of
microsatellite mutation, a 70% stepwise-mutation model (SMM) and 30% infinite

alleles model (IAM), and 1000 replications. Several other combinations of the



SMM:IAM ratio were tested to establish the sensitivity of these data to the mutational
mechanism. The Wilcoxon signed-rank test was used to determine if the allele
frequency distribution for a population exhibited significant heterozygote excess
relative to model expectations. Bayesian clustering with software Structure v.2.3.2
(Pritchard et al., 2000) was used to assign individuals to populations (K) based on
posterior probabilities where K is unknown. The number of groups was set to 1-7 with
3 runs per K. Posterior probabilities were calculated for all K hypothetical populations.
All analyses were based on 1,000,000 Markov Chain Monte Carlo iterations following a
burn in of 50,000 iterations.

To measure mtDNA diversity, both haplotype diversity, Hd, and nucleotide
diversity, m, and their standard deviations were estimated using DnaSP v5.10.00
(Librado & Rozas, 2009). To test for evidence of recent population expansion we
calculated Fu’s Fs (Fu, 1997) and Fu and Li’s (1993) D* and F* statistics to compare with
Fu’s Fs. Thus, if Fs is significant and F* and D* are not, it is an indication of population
expansion, while the opposite indicates selection (Fu, 1997). We also calculate Tajima’s
D (Tajima, 1989). We used ARLEQUIN 3.11 (Schneider et al., 2000) and DnaSP v5.10.00
(Librado & Rozas, 2009) to perform these calculations. We created a mismatch
distribution of pairwise differences using DnaSP v5.10.00 (Librado & Rozas, 2009) to
compare the expected distribution for a population. The distribution tends to be
multimodal when populations are at equilibrium and unimodal in cases of recent
demographic expansion or reduction (Rogers and Harpending, 1992). To graphically
display the observed mismatch distribution compared to the expected distributions for
populations in equilibrium and expansion, we used Roger’s method of moments
(Rogers, 1995) as calculated in DNASP. The topological relationship between the

haplotypes was estimated using the program NETWORK 4.5.1.0 (http://www.fluxux-

engineering.com) with median joining approach, for the three data sets (Bandelt et al.,

1999).


http://www.fluxux-engineering.com/
http://www.fluxux-engineering.com/

Results

Genetic Variation

Allelic variation for the ten nuclear microsatellite loci ranged between 4 and 14
alleles with an average of 7.5 alleles per locus. The observed heterozygosity (Ho) varied
from 0.126 to 0.893 and the expected (Hg) heterozygosity from 0.130 to 0.930, with
means and standard errors of 0.6824 + 0.1144 and 0.7132 + 0.0272 respectively (Table
1). Four loci exhibited a departure from Hardy-Weinberg expectation that may be the
result of a sampling bias. Since the species is rare and most of the material used was
from seizures made by the Environmental Police (Table 2), we cannot determine if all of

the samples represent the same population.

Table 2. Geographical origin and source of the samples processed in our study.

Country Samples Source Samples
Argentina 8 Captive Bred 27
Brazil 16 Police Seizure 27
Uruguay 16 Wild 5
Unknown 32 Museum Skin 13
Total 72 Total 72

Results of bottlenecks detection using Wilcoxon signed-rank and sign tests
under Infinite Allele Model (IAM), Two-Phase mutation (TPM) and Step-wise mutation
(SMM) are presented in Table 3. In bottlenecked populations, the observed gene
diversity exceeds the expected equilibrium gene diversity under the assumption of
mutation-drift equilibrium. The null hypothesis tested for heterozygosity excess using
Wilcoxon sign-rank test provided (P < 0. 05273), (P > 0.09668) and (P < 0.42285)
probabilities under the IAM, TPM, and SMM respectively. The null hypothesis is
accepted under the SMM model only, implying that the Gubernatrix cristata has not
experienced any recent genetic bottlenecks. The estimated values of the heterozygosity
excess and their probabilities in sign test were 5.89 (P < 0.15033) for the IAM, 5.90 (P <
0.15148) for the TPM and 5.91 (P < 0.38936) for SMM. The null hypothesis of mutation-



drift equilibrium was not also accepted based on the sign test under mutation models.
Not all of the 97 sampled individuals were successfully sequenced for the target
ATPase 8 or Control Region fragment. Only 67 were succesfully sequenced for the
target ND2 fragment (haplotype sequences were deposited at GenBank under
accession HQ15712 to HQ15714). A total of 349 bp were aligned in G. cristata samples
contained two variable and parsimony informative sites and a total of three haplotypes
(H1 — H3). Among H2 and H1 haplotypes 75 mutational steps were found whilst 34
among H2 and H3 (Fig. 2). Estimates of nucleotide and haplotype diversity in the
sample were relatively high, with m = 0.00277 and Hd = 0.6219. The genealogical
relationships between haplotypes were estimated in the median-joining networks
illustrated in Figure 2. The network revealed no structure pattern at all. Haplotype 2
had the highest probability of represent ancient forms because of its central position.
The Fy (0,00340) and Nm (73,18) shown a weak structuring with little genetic
differentiation. The Fy analysis was done following Nei’s (1978) classification where a
value is considered low when F; < 0,05; medium when 0,05 < F < 0,15, and high when
Fs: > 0,15. Lack of support to a demographic expansion hypothesis was either obtained
by different tests made to test the neutral theory of molecular evolution: Fu and Li's D*
test statistic (0,71916) showed no statistical significance (P > 0.10) as well not
significant was Fu and Li's F* test statistic (1,34814) (P > 0.10). Fu's Fs statistic was
2,248 which was significantly different from zero and is a likely evidence indicating a
decrease in population size and/or balancing selection. Tajima's D was positive
(2,17506) what signifies low levels of both low and high frequency polymorphisms,

indicating a decrease in population size and/or balancing selection.



Table 3. Genetic bottleneck detection using Wilcoxon signed-rank sign tests under

Infinite Allele (IAM) , Two-Phase (TPM), and Step-wise (SMM) mutations models of
microsatellite evolution

Test Model

IAM TPM SMM

Wilcoxon signed-rank test:
Probability of Heterozygosity excess P <0.05273 P >0.09668 P <0.42285
Sign test:

Number of loci with heterozygosity

excess
Observed 8 8 5
Expected (probability) 5.89 5.90 5.91
Probability P <0.15033 P <0.15148 P <0.38936

Figure 2. Genealogical relationships between haplotypes estimated in the median-
joining networks. H_1, H_2 and H_3 — Haplotyes; 75 — mutational steps between H2
and H1; 34 — mutational steps between H2 and H3. Yellow — unknown geographical
origin; Red — individuals from Argentina; Green — individuals from Brazil; Blue —
individuals from Uruguay
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Population Structure

As the exact geographical origin of many (45%) of the sampled Yellow cardinal
individuals is unknown or uncertain (many of the individuals sampled in zoos or at
privates, or got from police seizures were not associated to reliable information on
their exact location of capture), the structure analysis would be particularly relevant
because it would allows clustering of the individuals without the need for a priori
geographical information. Three independent runs for one to seven populations using
an admixture model and correlated allele frequencies among populations (Falush et al.,
2003), were run. Figure 3 shows the results for k equals to 3 populations as bar plot.
Analyses using the “no admixture model” and a larger burn-in (500000) yielded very
similar results (data not shown). The results for all runs were practically the same
suggesting no clustering of individuals (Fig. 3). Due to this result no individual
assignment to any geographical area was possible.

The mismatch distribution of observed haplotype variation was unimodal
revealing a departure from expected variation under a Constant population size (Fig. 4)

(k = 0,965, variance of k = 0,7205, Raggedness statistic r = 0,1319).

Figure 3. Results of Structure run. Here is depicted when k = 3 populations in bar plots.
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Figure 4. Mismatch distribution of the observed haplotype variation from 67 Yellow
Cardinal mtDNA samples compared to the expected under a population expansion.

Discussion

Endangered birds usually have small and fragmented populations. A commonly
concern about population studies is a proper sample size to rightly infer genetic
diversity measures. Despite the relatively small sample size of this study it has been
recommended that at least 20 to 30 individuals be sampled in microsatellite studies
(Pruett and Winker, 2008). Our 72 sample size is more than enough to run studies
about genetic diversity and population structure estimations. The findings about no
structuring appear to be related to other issues.

The lack of population structure showed by microsatellites with low Fg and
large Nm apparently tell us the history about only one huge population across Yellow
cardinal range with an intense gene flow. The same is truth for ND2 mitochondrial DNA
gene.

The fact that both Fu’s Fs and Tajima’s D indicates a decrease in population size
and/or balancing selection shows us a possible explanation of what is happening.

The yellow cardinal has suffered an intense hunting pressure by almost one
hundred years now (Hudson, 1920). This time period is not sufficient to be detected at

the molecular level, however is enough to drastically reduce the species population size



or even driven to extinct some subpopulations (Martins-Ferreira, 2007).

The species had a wide distribution area in the past that has been reduced over
time, both due to changes in habitat, as the hunting pressure. Today it seems to be
limited to a narrow continuous irregular arc-shaped band in Argentina, from San Luis,
passing through La Pampa, Cdrdoba, Santa Fé, Entre Rios and Corrientes (Marchiori,
2004; Martins-Ferreira, 2007). Following the center south of Uruguay to the west end
of Rio Grande do Sul, Brazil. That reduction in its distribution range to only the optimal
environment for the species, also ended up reducing their genetic variability and,
possibly, the haplotype diversity. The Whooping Crane (Grus americana) experienced a
severe decline in their population size in early 1900. Reducing its population to 14
individuals in 1938, resulted in the loss of two thirds of its haplotype diversity. Only
three haplotypes were identified in the current population (Glenn et al., 1999).

As shown in Whooping Cranes, a severe reduction in population size can cause a
genetic bottleneck, resulting in loss of genetic diversity (Nei et al., 1975). However, the
impact of a bottleneck on population genetic diversity depends on how rapidly the
population declines, the size of the bottleneck population and the duration of the
bottleneck. When a population suffers a genetic bottleneck, rare alleles initially are
lost, but the population can maintain diversity if the population recovery is rapid
(Allendorf , 1986). If population abundance remains low, diversity can continue to be
lost due to genetic drift (Allendorf ,1986). There are several possible explanations for
the relatively high genetic diversity observed in Yellow Cardinals along Southern South
America. First, the Yellow Cardinal decline may have been less severe than that of the
Whooping Crane. The population status in the early 1900s is unknown, but never drop
low before than today. Secondly, population recovery may have been sufficiently rapid
so as not to have lost diversity due to genetic drift. Although Yellow Cardinal in Uruguay
and Brazil has recently experienced several episodes of population decline, each time
population recovery appears to have been rapid. Finally, recolonization by individuals
that emigrated from areas where genetic diversity remained high, such as Argentina,
could have contributed to the high genetic diversity. The observed genetic similarity
within the region is consistent with an open population, as gene flow is expected to
homogenize populations (Charlesworth, 2003). We detected no pattern in the

distribution of haplotypes to suggest that genetic structuring exists in Yellow Cardinals



along its range.

Thus, our results support managing Yellow Cardinals along its distribution range
as a single breeding population. It is possible that the Yellow Cardinal may form one
large panmictic population. The existence of one large population could explain the
high level of genetic diversity found in the population by allowing the effective
population size to remain high during periods of population fluctuation and serve as a
source of immigrants. Although the Yellow Cardinal’'s demographic history does not
show drastic reductions in genetic diversity, the population size fluctuations appear to
have had no detectable effects on the differentiation and frequency of haplotypes as
evidenced by the mismatch distribution and Fu’s Fs. The minimum spanning network
(Fig. 2) shows that the 3 haplotypes are not closely related (within 75 and 34
mutational steps). A triangle-shaped phylogeny, as shown in Fig. 2, tell us only that a
population has experienced a severe decline on its genetic diversity. The Yellow
Cardinal population still appears smaller than historical accounts suggest. Historical
accounts described Yellow Cardinal as common in Argentina in the 1900s (Hudson,
1920; Wetmore, 1926). Thus, it seems that the population may have being suffering a

decline in its numbers from the last century until now.

Conclusions

The present study assists in understanding the conservation needs for Yellow
Cardinal by providing information on the genetic diversity and population structuring
along its distribution range.

Although we found no structuring within our study area, further study is
needed, examining the genetic diversity and population structuring throughout the
species’ range, adding more samples from wild animals from La Pampa population and
Corrientes.

The main implication for Yellow Cardinal conservation with these results is that
a captive breeding program could be established on an international level, without
much concern about preserving specific haplotypes, since all populations share the

same ones.
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ABSTRACT

Aim The yellow cardinal distribution range map seems to be outdated because of the
increasingly critical situation the species is facing in nature. Given the recent lack of knowledge
regarding its distribution and its state of preservation in its natural habitat we decided to
model the species potential distribution. The main idea behind this information was to
propose strategies for their conservation. To better achieve that target we specifically focused
our research on a) locating wild populations of this species in Rio Grande do Sul, Uruguay and
Argentina, and b) identifying areas of occurrence of yellow cardinal that could be turned into
protected areas.

Location Southern South America (Argentina, Uruguay and Southern Brazil)

Methods We extracted all georeferenced Gubernatrix cristata records from different sources:
field working, museum skins, literature, and internet datasets. To model the species
distributions, 20 environmental predictors were selected. To model the species distributions
we selected the modeling application MaXent v. 3.3.2. Historical and current distribution
maps of G. cristata were created using DIVA GIS.

Results The model that best predicts the relative index of environmental suitability for the
species is the model where resulting AUC on test data was 0.868. The results of the jackknife
test of variable importance showed that the environmental variable with highest gain when
used in isolation is biol_sa_30s_cut (Annual Mean Temperature), which therefore appears to
have the most useful information by itself. The environmental variable that decreases the gain
the most when it is omitted is alt_sa_30s_cut (Altitude), which therefore appears to have the
most information that isn't present in the other variables.

Main conclusions If the objective of future surveys of the yellow cardinal in its distribution
range is to detect other populations, then areas predicted to have high relative suitability in
the spatial model is a good starting point for further targeted survey. The hunting pressure on
the species is so great that the yellow cardinal nowadays seems to be only found in areas of
difficult access. Many of the areas suitable for the species shown by the model may still
contain populations and can also be used as key areas for future reintroductions into the
yellow cardinal conservation program.

Keywords Gubernatrix cristata, Endangered species, Espinal, Pampa, Species Distribution
Model.



INTRODUCTION

The Yellow Cardinal, is a rare bird species from the Pampas grassland. It has
a restricted geographical distribution in Southern South America and is unique to this
Biome (Uruguay, Argentina, and Southern Brazil) (Azpiroz, 2003). This species has
undergone a dramatic population decline across its range and its conservation status is
defined as endangered (BirdLife International, 2000; Fontana et al., 2003).

In Argentina, it is now rare except very locally (Fraga, 1997). It is found in
San Luis, Buenos Aires, La Pampa and Rio Negro (especially among General Conesa, San
Antonio Oeste and Viedma). There are important populations in Corrientes (Pay Urbe
and Estancia San Antonio), Entre Rios (recently in the area of Montiel, Ceibas and
Estancia La Choza) and Cordoba [recently in Chancani (Chebez et al., 1998)] (Di
Giacomo, 2005). At the same time Cordoba present a huge lowering of Yellow Cardinal
population, despite some new records (Kopta, 1999). There are records prior to 1975
from Salta, Tucumadn, Santiago del Estero, Santa Fe and San Juan, and it was recorded
with no details to Formosa, Chaco, La Rioja and (wrongly) in Misiones (Chebez, 1996).

In Uruguay, it was historically known from 13 departments, but recently
from only Paysandud, Rio Negro, Florida, Rocha, Lavalleja and Artigas (BirdLife
International, 2000; Azpiroz, 2003; Lapitz, 2010; Martins-Ferreira, 2007). In 1999 the
Uruguayan population of yellow cardinal was estimated less than 300 individuals,
mostly concentrated in the Uruguay River Basin (Azpiroz in litt. 1999).

Two individuals collected in Paraguay in 1905 were probably caged birds
escaped from captivity (Di Giacomo, 2005).

In Southern Brazil (Rio Grande do Sul State) it was already considered rare
in the 1970s and 1980s (Belton, 1985). Since then it suffered a dramatically decline and
now is believed it is confined to restricted spots in the SE hills, near Uruguayan border
and at W tip of Rio Grande do Sul (Fontana et al., 2003).

The constant and chronic exploitation as songbird for the cage bird market
remains the most significant threat. The destruction and fragmentation of its habitat

have been enumerated as possible additional threats for the species, as well as the



extreme pressure of capture to supply the traffic of wild animals (Chebez, 1994;
BirdLife International 2000). The main reason behind the traffick is that bird is a
colorful and singing passerine. In Rio Grande do Sul, Yellow Cardinal is caught mainly in
the municipalities of Piratini and Pinheiro Machado. The mischaracterization and
destruction of habitat have been listed as potential additional threats to the species
(Chebez, 1994; BirdLife International, 2000). In Rio Grande do Sul, most of the original
landscape of the south and west has been converted into rice fields and pastures for
cattle. However, it is unknown to what degree these activities affected the species.
Presumably its habitat suffered with conversion for livestock grazing, timber extraction
for firewood and furniture (Chebez, 1994) and especially by the rapid forestation with
Eucalyptus plantations.

The species distribution range map better known and used can be accessed
on the website of Birdlife (2010). This map, however, seems to be outdated because of
the increasingly critical situation the species is facing in nature. Given the recent lack of
knowledge regarding its distribution and its state of preservation in its natural habitat
we decided to model the species potential distribution.

The main idea behind this information was to propose strategies for their
conservation. To better achieve that target we specifically focused our research on a)
locating wild populations of this species in Rio Grande do Sul, Uruguay and Argentina,
and b) identifying areas of occurrence of yellow cardinal that could be turned into

protected areas.

METHODS
Species Data

We extracted all georeferenced Gubernatrix cristata records from different
sources: field working, museum skins, literature, and internet datasets. Fourteen field
trips were made from April 2006 to March 2009 in an attempt to find individuals. In Rio
Grande do Sul (the Southernmost Brazilian State), just four yellow cardinals were
found in a single locality (Espinilho State Park). In Uruguay, four separate field trips to
different localities found only six individuals in Minas, Lavalleja Department, five in one

farm and one in another land. All of them were ring banded with rings provided by



CEMAVE/ICMBio (National Research Center for the Conservation of Wild Birds) and
have samples collected for genetic analysis. In Argentina, a visit was made to the
Museo de Ciencias Naturales Bernardino Rivadavia to better know which localities
yellow cardinals were found, the distribution range, and past records. Nine records
came from Belton’s field trips (Belton, 1985) to Southern Brazil. One more record came
from Museu de Zoologia da Universidade de Sdo Paulo (MZUSP, Sao Paulo, Brazil), and
one from Royal Ontario Museum (ROM, Toronto, Canada). Some other records were
extracted from Red Data Book (Collar et al., 1992) and IBAS from Argentina (Di
Giacomo, 2005). The remainder records were accessed through ORNIS data portal. In
total this dataset comprised 172 georeferenced records belonging to individuals,
couples or a small number of birds seen on the area where the records were taken. To
avoid duplicate location names and confusion about co-ordinate system, a data
cleaning was made (Hijmans et al., 1999). After that we got 150 georeferenced records

used for training gain.

Environmental Predictors

To model the species distributions, 20 environmental predictors were selected.
We downloaded the altitude (in m) and the 19 bioclimatic predictors (1950 - 2000) of
the WORLDCLIM dataset (http://www.worldclim.org) for South America at 30 arc-
second resolution (~ 1km) (Hijmans et al.,, 2005a). Data-layer manipulations were
performed with DIVA GIS.

Environmental layers used: alt_sa_30s_cut (Altitude), biol_sa_30s_cut (Annual
Mean Temperature), bio2_sa_30s_cut (Mean Diurnal Range [Mean (period max-
min)]), bio3_sa _30s_cut (Isothermality [P2/P7]), bio4 sa_30s_cut (Temperature
Seasonality [Coefficient of Variation]), bio5_sa_30s_cut (Max Temperature of
Warmest Period), bio6_sa 30s _cut (Min Temperature of Coldest Period),
bio7_sa_30s_cut (Temperature Annual Range [P5-P6]), bio8 sa_30s_cut (Mean
Temperature of Wettest Quarter), bio9 sa_30s_cut (Mean Temperature of Driest
Quarter), biol0_sa_30s_cut (Mean Temperature of Warmest Quarter),
bioll sa_30s_cut (Mean Temperature of Coldest Quarter), biol2_sa_30s_cut (Annual

Precipitation), bio13_sa_ 30s_cut (Precipitation of Wettest Period), biol4 sa 30s_cut



(Precipitation of Driest Period), biol5 sa 30s cut (Precipitation Seasonality
[Coefficient of Variation]), biol6_sa_30s_cut (Precipitation of Wettest Quarter),
biol7 sa_30s_cut (Precipitation of Driest Quarter), biol8 sa_30s_cut (Precipitation

of Warmest Quarter), biol9_sa_30s_cut (Precipitation of Coldest Quarter).

Species Distribution Model (SDM) building

To model the species distributions we selected the modeling application
MaXent v. 3.3.2 (Phillips et al., 2006). MaxEnt was specifically developed to model
species distributions with presence-only data, has shown to outperform most other
modelling applications (Elith et al., 2006; Pearson et al., 2007), is least affected by
location errors in occurrences (Graham et al., 2008), and best performs when few
presence records are available (Wisz et al., 2008). MaxEnt was set to use all species
presence records for model building (explained below), by setting the “random test
percentage” to zero. The modelling rules were set to use auto features. As measure of
SDM accuracy we used the threshold independent and prevalence insensitive area
under the curve (AUC) of the receiver operating characteristic (ROC) plot (Fielding &
Bell, 1997; McPherson et al., 2004; Raes & ter Steege, 2007), produced by MaxEnt. All
measures of SDM accuracy require absences (Fielding & Bell, 1997). When these are
lacking, as is the case here, they are replaced by pseudo-absences or sites randomly
selected at localities where no species presence was recorded (Ferrier et al., 2002,
Phillips et al., 2006). The random points were drawn from cells where in the past
collections were made, and hence were corrected for any geographical sampling bias.

MaxEnt was implemented using version 3.3.2 of the software made freely
available for download (http://www.cs.princeton.edu/~schapire/maxent).
Recommended default values for convergence threshold (107°), maximum iterations
(500), and 10,000 background points were accepted. The regularization value that is
appropriate for the types of environmental variables used and the number of presence
points was automatically selected by the program (used to reduce overfitting), as was
the selection of environmental variables that is also dependent on the number of

presences. Linear and quadratic features were considered. The output of MaxEnt is a
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continuous variable ranging from 0 to 1, where high values indicate higher relative
suitability.

These models were selected to accommodate the presence-only data and span
a range of modeling platforms (Elith et al., 2006).

Using different datasets and scenarios allows us capacity to bracket predicted
futures based on an ensemble of models that capture the extremes.

To select the highest performing yet most accurate predictive model, the
species was tested in different ways.

We initially used all default features of the program. We also build models
using bootstrap replicated type run with 20 replicas. The bootstrapping method was
used to obtain an estimate of the AUC for the model. This procedure is recommended
when an independent data set is lacking, and provides the least biased estimate of
predictive performance of any of the model evaluation methods that are based on
resampling (Wintle et al., 2005b).

To all models we selected random seed otherwise the generated models would
be the same.

The default method of determining AUC for the MaxEnt model was also
applied, after partitioning the data by randomly assigning 30% of occurrences to an
evaluation (test) data set, and the remaining 70% to a training data set. Additionally,
10,000 pixels were drawn randomly from the study area as background samples.

Predicted habitat, as well as mean AUC scores, improved with using fewer,
better-performing parameters.

Parameters were evaluated in a jackknife test in the MaxEnt program to assess
individual parameter contribution, which had to be positive to include the parameter.
Final models were run with all the data.

The final selection criteria for MaxEnt were (a) lack of significant strong
relationships, (b) AUC value of >0.8, and (c) positive contribution to the model

outcome in an internal jackknife test procedure.

Model evaluation
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The predictive performance of the model was evaluated using the area under
the receiver operating characteristic curve (ROC). A ROC curve is a plot of true-positive
cases (or sensitivity) against corresponding false-positive cases (or 1 — specificity)
across a range of threshold values (Fielding & Bell, 1997). The area under the curve
(AUC) provides a measure of discrimination ability, and varies from 0.5 for a model
with discrimination ability no better than random, to 1.0 for a model with perfect
discriminatory ability (Pearce & Ferrier, 2000). The specificity is defined using
predicted area, rather than true commission (Phillips et al., 2006). This implies that the
maximum achievable AUC is less than 1. If test data is drawn from the Maxent
distribution itself, then the maximum possible test AUC would be 0.903 rather than 1.

Although this evaluation technique typically requires presence and absence
data, it has also been applied to presence-only data by substituting the absences with
randomly selected pseudo-absences (Graham & Hijmans, 2006; Hernandez et al., 2006;
Litolf et al., 2006; Phillips et al., 2006). We similarly use it to evaluate and compare the

resulting MaxEnt models.

Distribution Maps

Historical and current distribution maps of G. cristata were created using DIVA
GIS (Figure 1). IBAs (Important Bird Areas) and conservation units points (Parks, Private
Reserves, etc.) were used to compare the species distribution and protected areas
across its range. Each area received a different color according to its protection
degree: red for no protection, yellow for partial protection and green for total
protection.

Our dataset was divided into current and historical records, according to the
date on which they were collected. Historical records were considered from the first
record of a collected yellow cardinal (1802) until 1989. The recent records were
considered from 1990 to the present. This distinction was made for two reasons: 1) to
have a clear idea of how diminished the area of occurrence and in which ways and 2)
because of intense hunting pressure experienced by species, define the last 20 years as
a current distribution, in an environment where a population could be extinct in that

period, it is quite reasonable.
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Thus we created maps showing the yellow cardinal historical distribution and
the recent one. On top of these data we also used data from the Birdlife IBAs
(Important Bird Areas) that was proposed to the region, and the existing map for the
species distribution (Birdlife, 2010). The birdlife data was partially used, only for
comparison purposes, in full agreement with birdlife guidelines and disclaimers.

We build a map based on these data records to the proposed update of the
map currently in use. From the model generated by MaxEnt we built a map that would
show environments probably best suited to meet the species needs or to use as future

areas for reintroduction programs.

RESULTS

Maxent

From the generated models, those which had the best response in both the
AUC as in the test gain were generated with the following settings used during the run:
103 presence records used for training, 43 for testing.
10103 points used to determine the Maxent distribution (background points and
presence points).
Environmental layers used: all of them.
Regularization values: linear/quadratic/product: 0.050, categorical: 0.250, threshold:
1.000, hinge: 0.500
Feature types used: product linear quadratic hinge threshold
Random seed: true
Random test points: 30

Auto feature: false

A representation of the resultant best Maxent model is shown in Fig. 1. This
output represents logistic values where the value of a given grid cell (or pixel) is the
sum of that cell and all other cells with equal or lower probability, multiplied by 100 to
give a percentage (Phillips et al., 2006). The image uses colors to indicate suitable

conditions of the predicted probability. Red indicates high probability of suitable
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conditioning for the species; green indicates typical conditions of those where the
species is found and lighter shades of green indicating low predicted probability of

suitable conditions (Philips et al., 2008).
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Figure 1. Model output.

Figure 2 shows the results of the jackknife test of variable importance. The
environmental variable with highest gain when used in isolation is biol_sa_30s_cut
(Annual Mean Temperature), which therefore appears to have the most useful
information by itself. The environmental variable that decreases the gain the most
when it is omitted is alt_sa_30s_cut (Altitude), which therefore appears to have the
most information that isn't present in the other variables.

All the other models made with the complete set of variables had an AUC
scoring greater than 0.8, means that no noticeable different was find taking any of the

parameters off the model.
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Figure 2. Jackknife test of variable importance of regularized training gain.

The Maxent model with independent data test yielded an AUC of 0.889 for the
test data.

The models generated with the independent test file were very similar to
models generated with the file in which 30% were separated for testing,
demonstrating that both the number of points were enough to generate good models
as the points themselves have no bias associated to them.

The bootstrapped estimates of the ROC curve for the model resulted in an
averaged training AUC for the 20 replicate runs of 0.961, with standard deviation of
0,004 (Fig. 3).

The model that best predicts the relative index of environmental suitability for

the species is the model shown in Figure 1. Specificity is defined using the area instead

of the commission predicted true. This implies that the maximum AUC achieved is less

[ s0 [




than 1. In other words, as the test data was obtained from the Maxent distribution
itself, and then the maximum possible test AUC was 0.903 instead of 1. So, the
resulting AUC of this model on test data was 0.868 (Fig. 4).
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Figure 3. Receiver operating characteristic (ROC) curve for the data. The average
training AUC for the replicate runs is 0.961.
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Figure 4. Receiver operating characteristic (ROC) curve for the data. The test AUC is
0.868.




Distribution Maps

A map of the historical records of G. cristata is shown in fig. 5 and another one
with recent records is shown in fig. 6. Both maps were designed plotting together with
suggested areas as IBAs by BirdLife and already existing conservation units. A
distinction was made between categories of protection for each unit by assigning a
different color: red for areas without any protection, yellow for areas with partial
protection and green for fully protected areas (most times within state or federal
parks).

A polygon based on the current species records was created and plotted on the

map with the model generated by Maxent (Fig. 7).
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Figure 5. Map showing the historical records of Gubernatrix cristata with plotted IBAs
and Parks across its range.
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Figure 6. Map showing the current records of Gubernatrix cristata with plotted IBAs
and Parks across its range.
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Figure 7. Map showing the species distribution model with a plotted polygon of
current records.



DISCUSSION

Habitat suitability

This study sought to explore environmental attributes that may define habitat
suitability of the yellow cardinal at a broad spatial scale.

The model agrees on the relationship between yellow cardinal occupancy and
each environmental variable. Even though Mean Diurnal Range (bio2_sa_30s_cut) was
included in the MAXENT model, Fig. 2 shows that this variable contributed almost no
information to the model. The positive associations with elevation, temperature
seasonality, and precipitation of driest quarter, suggest that the yellow cardinal prefers
areas not high in altitude (below 1000m), with a temperature seasonality between 4¢C
and 30 2C and precipitation below 300 mm a quarter. Those conditions are according
to what is found in the ecoregion of Espinal (Marchiori, 2004; Parodi, 2002).

A very low association with increasing temperature diurnal range also suggests
that this species prefers habitats with low daily temperature variations. This apparent
selection for low variations in temperature is again likely to be related to the

vegetation type associated with this ecoregion.

Modelling approach

One problem often encountered when dealing with a rare species, is that the
number of presence sites are likely to be relatively small and this then limits the
number of candidate variables that should be used in model development. A high ratio
of candidate models to the number of species observations can lead to overfitting of
the model, i.e. inclusion of spurious variables (Burnham & Anderson, 2002; Harrell,
2001), thereby emphasizing the importance of using expert scientific knowledge in the
a priori selection of variables. A plausible variable set would be in the bounds of the
rule of thumb of Harrell (2001) where no more than n/10 variables should be included
in the final model, where n is the total sample size or, in this case, this number would

be 15. As none of the variables decrease strongly the fit of the model (fig. 2) nor any
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publications says which ones are the best, we decided to model with the complete set
of variables (20).

While MAXENT uses background information, pixels without species records
are not interpreted as absences (Phillips et al., 2006), and therefore this method may
not suffer from biases resulting from the inclusion of false absences in the model. A
study by Elith et al. (2006) comparing various methods for modelling presence-only
data showed that MAXENT outperformed most other methods when evaluated using
independent presence and absence data. MAXENT has also been shown to be superior
to other approaches that use presence data only (i.e. not requiring pseudo-absences)
such as Domain, GARP, and BIOCLIM (Elith et al., 2006; Hernandez et al., 2006; Pearson
et al.,, 2007; Phillips et al., 2006). Even though post hoc evaluation of predictive
performance should involve a comparison with independent data (Fielding & Bell,
1997; Manel et al., 1999; Pearce & Ferrier, 2000; Scott et al., 2002), with studies
involving rare species, such data are difficult and costly to collect. Resampling
techniques, such as bootstrap used in the current study, are popular methods for
dealing with the lack of an independent data set, as is the MAXENT approach of
partitioning the data set into training and test data (Guisan & Zimmermann, 2000). A
further complication when evaluating model performance with presence-only data is
the difficulty of evaluating false-positive prediction errors (Hernandez et al., 2006). The
approach used in this study where ROC plots were generated using presence and
randomly selected pseudo-absence data (or background samples) is one solution to
this problem. But here the AUC is interpreted as a measure of the ability of the model
to discriminate between suitable habitat and a random background sample, rather
than suitable and unsuitable habitat (as would be the case with real absence data)
(Hernandez et al., 2006; Phillips et al., 2006). The similarity of the AUC derived from
the ROC plots for MAXENT model suggests that it performed well and values greater
than 0.8 also indicates that its ability to discriminate suitable habitat from random was
high. The good performance of this presence-only method suggests that the
environmental variables used here describe the habitat where the species occurs
within its range quite well. However, assuming the species is in disequilibrium, there
are clearly additional factors not included in the variable set that account for the

inability of the bird to occupy all suitable habitats. This highlights one of the problems
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of distributional models, as most rely on environmental attributes, and rarely are
factors such as dispersal limitations or interspecific interactions included in such

models.

Distribution Maps

When analyzing the species historical records map, we noticed that yellow
cardinal is distributed over a wide area, covering different phytogeographical zones (Di
Giacomo, 2005). Many of these records were taken in areas without any protection
(Fig. 5). When this map is compared with that of recent records is clear the shrinkage
that populations have suffered in recent years. This shrinkage makes an irregular arc
shape along the species distribution, resembling much to the arc-shape made by the
ecoregion Espinal (Marchiori, 2004; Parodi, 2002). When the polygon drawn from the
recent record is plotted on the map generated from the model of potential distribution
(Fig. 7) this arc is also formed. What can be analyzed from this is an apparent
association of the yellow cardinal to a particular vegetation type. Throughout its
geographic range and especially in the area where the arc forms, the characteristic
vegetation type is savanna steppe, with abundant plants of the genus Prosopis
(Marchiori, 2004; Di Giacomo, 2005). It is not surprising that this type of environment
is the last refuge of the yellow cardinal, since it is a type of vegetation that also occurs

in areas of difficult access.

CONCLUSION

While models derived from occurrence information have been shown to
overestimate the extent of suitable habitat compared to models based on presence
and absence data (Zaniewski et al., 2002; Brotons et al., 2004; Engler et al., 2004;
Pearce & Boyce, 2006), predictive modelling is usually an iterative process, and this
model can be used as a starting point to approximate habitat suitability, and hence
guide future surveys for further data collection and model refinement. If the objective

of future surveys of the yellow cardinal in its distribution range is to detect other
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populations, then areas predicted to have high relative suitability in the spatial model
(Fig. 1) is a good starting point for further targeted survey.

The hunting pressure on the species is so great that the yellow cardinal
nowadays seems to be only found in areas of difficult access. Many of the areas
suitable for the species shown by the model may still contain populations and can also
be used as key areas for future reintroductions into the yellow cardinal conservation

program.
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CAPITULO CINCO

CONCLUSOES E RECOMENDACOES PARA A
CONSERVACAO DA ESPECIE



5.1. Viabilidade do cardeal-amarelo no RS, Uruguai e Argentina

A partir das expedicdes feitas durante a execucdao do projeto, pudemos
constatar que as melhores areas para serem transformadas em UCs, no RS, se localizam
na serra do sudeste, mais especificamente no entorno da cidade de Herval, na regido
da vdrzea do rio Jaguarao, localidade de Passo S3o Diogo. Naquela area encontramos
uma fitofisionomia muito semelhante aquela encontrada em areas que ainda possuem
populacdes de cardeal-amarelo, tanto na Argentina quanto no RS (Parque Estadual do
Espinilho). A regido de Herval ja foi incluida dentro da IBA RS08 — Regido de Pinheiro
Machado e, de acordo com nossos dados, essa regido possuiria ainda habitats
adequados para espécie. Embora ndo tenhamos avistado o cardeal-amarelo nas
cidades vizinhas de Pedras Altas e Pinheiro Machado, é importante estimular a criacdo
de uma rede de RPPNs naquela regidao. Tanto para a prote¢dao de alguns exemplares
errantes ou para um programa de reintroducdo, conforme mostra o modelo de
distribuicdo potencial para a espécie. Como a regido sofreu muito, e ainda sofre, com o
impacto da coleta/caca da avifauna, ha que se estabelecer um programa de educacdo
ambiental junto a comunidade, paralelo a criagdo de UCs e de programa de
reintroducdo/translocacdo da espécie.

Outra area que cabe destacar é o entorno do Parque Estadual do Espinilho.
Embora o parque ja seja uma Unidade de Conservacdo, carece de melhor fiscalizacdo.
Os relatos de avistamentos anteriores ao nosso reportam a observacao de G. cristata
também em areas fora do parque. Ha varios habitats interessantes para a espécie tanto
dentro quanto fora do parque, o que torna aquela regido como um todo extremamente
importante para a sobrevivéncia da espécie.

Encontramos também areas adequadas para a protecdo integral da espécie no
Uruguai, no interior do municipio de Minas, Departamento de Lavalleja, onde as areas
de protecdo seriam dentro de propriedades particulares, estimulando a fiscalizacdo por
meio dos proprios fazendeiros, que se mostraram dispostos a colaborar com a
conservacao da espécie.

As areas mais adequadas para se encontrar cardeal-amarelo na Argentina
seriam em Corrientes, Entre Rios, sul da provincia de Buenos Aires, Rio Negro, La

Pampa, San Luis, Cordoba e Tucuman. Muitas dessas areas tem registros apenas



historicos de cardeal-amarelo, como é o caso de Tucuman, embora aparentemente
ainda tenham dreas adequadas para a espécie. Areas adequadas mas que ndo possuam
mais populacdes da espécie seriam areas potenciais para integrarem um futuro
programa de reintroducdo da espécie.

O status de conservagao de Gubernatrix cristata é avaliado mundialmente pela
IUCN como Em Perigo; no Brasil é considerado Criticamente em Perigo e no RS, Em
Perigo. Os resultados obtidos no projeto nos levam a concluir que deveria ser feita uma
reavaliagdo desse status, tanto para o RS, passando a Criticamente em Perigo, quanto
em nivel mundial, passando também para a categoria de Criticamente em Perigo.

A caga intensa continua sendo a principal pressdao contra as popula¢des na
natureza e foi o principal fator na provavel extincdo da espécie na regido da serra do
sudeste. Eliminando essa pressdo e estimulando a criacdo de UCs é possivel que G.
cristata volte a recolonizar a regiao.

A principal implicacdo para a conservacdo da espécie a partir da falta de
estruturacdo populacional é que um programa conservacionista de reprodugdo em
cativeiro tem grandes chances de obter sucesso sem a preocupacdo extra de manter
uma diversidade haplotipica associada a areas geograficas.

Os ambientes encontrados no RS (Herval e Pedras Altas) apresentam espécies
do género Scutia sp. e Prosopis sp.. No Parque Estadual do Espinilho (PEE) predominam
Prosopis sp,, Celtis sp., Acacia sp. e Aspidosperma quebracho-blanco. No PEE a
formacao tipo parque domina a paisagem, enquanto que em Herval e Pedras Altas o
mesmo nao ocorre. Isso se deve, provavelmente, ao pastejo de gado intenso nas areas
de fazendas e ndo protegidas, encontradas no sul do RS.

Em Corrientes, Argentina, a fitofisionomia é bastante semelhante aquela
encontrada no PEE, com espécies similares. No Departamento de Lavalleja, Uruguai,
onde foram capturados exemplares de cardeal-amarelo, a fitofisionomia encontrada é
bastante similar a do sul do RS. Ndo parece haver uma correlacdo direta entre a
presenca/auséncia de Gubernatrix cristata e a presenca/auséncia de gado. Essa
correlacdo esta mais relacionada, possivelmente, ao uso do habitat pela ave, tanto para
construcdo de ninhos quanto para alimentacdo. Ou seja, onde ha determinadas
espécies botanicas é possivel encontrar cardeal-amarelo.

O gque se observou em campo, além do descrito acima, é que a pressao de caca



causou a rarefacdo da espécie, mesmo nos habitats considerados ideais.

Os resultados do trabalho também nos levam a concluir que a espécie estd
fortemente associada ao ambiente conhecido como savana tipo parque. O mapa
construido a partir dos registros histéricos da espécie e do modelo de distribuicao
potencial mostra claramente essa associacdo quando avaliamos os registros mais
recentes da espécie. Ou seja, o cardeal-amarelo ainda sobrevive nas dreas mais
remotas e com vegetacdo tipo espinilho. Ao compararmos os mapas da distribuicdo
histérica com o mapa da distribuicio recente de G. cristata pode-se concluir

claramente que houve uma reducao significativa da area de distribuicdo da espécie.

5.2. Recomendagdes para a conservagao: um primeiro passo para a constru¢ao de um

plano internacional para a conservagao do cardeal-amarelo no Sul da América do Sul.

A partir dos resultados encontrados durante a execucdo do projeto,

recomendamos as seguintes acdes para a conservacgao da espécie:

1) Parceria multi-institucional (érgaos governamentais, universidades, ONGs) para o
estabelecimento de um protocolo sanitario de manejo da populacdo em cativeiro da
espécie em nivel nacional;

2) Parceria multi-institucional para o estabelecimento oficial de um programa de
reproducdo em cativeiro com a criacdo e manutencdo de um studbook da espécie;

3) Acompanhamento e monitoramento dos individuos encontrados em vida livre com o
intuito de conhecer melhor a respeito da biologia reprodutiva, uso do habitat e
comportamento da espécie a fim de dar bases para a elaboracdao de uma andlise de
viabilidade populacional;

4) Prosseguimento com as andlises genéticas incluindo amostras das populacdes de La
Pampa e de outras provincias argentinas, possivelmente através de um programa de
parceria internacional, que possibilitardo o conhecimento mais aprofundado a respeito
das popula¢des em vida livre ainda existentes;

5) Designar unidades de conservacdo de protecdo integral ao longo da distribuicdo da
espécie dentro da Argentina, Uruguai e RS, naqueles locais que se mostraram mais

adequados para a sobrevivéncia de cardeal-amarelo e que ainda ndo possuem unidade



de conservacgao alguma ou se possuem, ndo é de protecdo integral;

6) Proteger bosques de Prosopis sp. no sul e oeste do RS, oeste e norte do Uruguai e
centro e sul da Argentina;

7) Coibir o trafico de animais silvestres, que é efetivamente a maior ameaca para a
sobrevivéncia da espécie na natureza, utilizando tanto medidas legais quanto
socioeducativas através de campanhas de educagdao ambiental das populagdes do
entorno de areas onde ainda existem cardeais-amarelos na natureza, especialmente os
municipios de Barra do Quarai, no RS e Bella Unidn, no Uruguai;

8) Envolver os criadores particulares de cardeal-amarelo no programa de conservagao
da espécie. Muitas dessas pessoas tém boas inten¢des. Sao apenas mal orientadas. O
contingente de criadores de cardeal-amarelo dentro do SISPASS/IBAMA ndo é algo a se

descartar.
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7. ANEXOS

7.1. Appendix A.1. Gubernatrix cristata samples used in this study.

Sample # Sample Code Sex  Country Locality Date Source Tissue type mtDNA Samples SSRs Samples Haplotypes
1 PCA 002 F ND Canoas Zoo 12. mai. 2006 Police Seizure Feathers/Blood mtDNA SSR Hap_1
2 PCA 003 M ND Canoas Zoo 12. mai. 2006 Police Seizure Feathers/Blood mtDNA SSR Hap_3
3 PCA 004 M ND Canoas Zoo 23. set. 2006 Police Seizure Feathers/Blood mtDNA SSR Hap_3
4 PCA 005 M ND Canoas Zoo 23. set. 2006 Police Seizure Feathers/Blood mtDNA SSR Hap_1
5 PCA 006 M ND Canoas Zoo 23. set. 2006 Police Seizure Feathers/Blood mtDNA SSR Hap_3
6 PCA 007 M ND Canoas Zoo 23. set. 2006 Police Seizure Feathers/Blood mtDNA SSR Hap_3
7 PCA 008 F ND Canoas Zoo 23. set. 2006 Police Seizure Feathers/Blood mtDNA SSR Hap_3
8 PCA 009 F ND Canoas Zoo 23. set. 2006 Police Seizure Feathers/Blood mtDNA SSR Hap_3
9 PCA 010 M ND Canoas Zoo 5. out. 2006 Police Seizure Feathers/Blood mtDNA SSR Hap_1
10 PCA 011 F ND Canoas Zoo 7. abr. 2007 Police Seizure Feathers/Blood mtDNA SSR Hap_3
11 PCA 012 ? ND Canoas Zoo 7. abr. 2007 Police Seizure Feathers/Blood mtDNA SSR Hap_3
12 PCA 051 F ND Canoas Zoo 7. abr. 2007 Police Seizure Feathers/Blood mtDNA SSR Hap_3
13 PCA 052 M ND Canoas Zoo 22.jun. 2007 Police Seizure Feathers/Blood mtDNA SSR Hap_1
14 PCA 053 F ND Canoas Zoo 22.jun. 2007 Police Seizure Feathers/Blood mtDNA SSR Hap_3
15 PCA 054 M ND Canoas Zoo 22.jun. 2007 Police Seizure Feathers/Blood mtDNA SSR Hap_3
16 PCA 055 ? ND Canoas Zoo 22.jun. 2007 Police Seizure Feathers/Blood mtDNA SSR Hap_1
17 PCA 056 ? ND Canoas Zoo 22.jun. 2007 Police Seizure Feathers/Blood mtDNA SSR Hap_1
18 001/02 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
19 002/02 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_1
20 003/02 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
21 004/02 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_1
22 005/02 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
23 006/02 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
24 007/02 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
25 0800/04 ? Uruguay Colonia 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
26 932/06 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
27 453/07 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
28 458/07 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
29 459/07 ? Uruguay Durazno 8. mai. 2008 Captive Bred Blood mtDNA SSR Hap_3
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7.1. Appendix A.1. Gubernatrix cristata samples used in this study.

Sample # Sample Code Sex  Country Locality Date Source Tissue type mtDNA Samples SSRs Samples Haplotypes
30 G 63205 M Uruguay Lavalleja 22.jan. 2007 Wild Feathers/Blood mtDNA SSR Hap_1
31 G 63206 ? Uruguay Lavalleja 22.jan. 2007 Wild Feathers/Blood mtDNA SSR Hap_3
32 G 63207 ? Uruguay Lavalleja 22.jan. 2007 Wwild Feathers/Blood mtDNA SSR Hap_3

G 63209 F Brasil PEE/RS 24. mai. 2008 Wild Blood mtDNA SSR Hap_3
G 63210 F Brasil PEE/RS 24. mai. 2008 Wild Blood mtDNA SSR Hap_3
BRIAO 001 M Brasil Pedras Altas/RS 19. abr. 2006 Captive Bred Feathers mtDNA SSR Hap_1
BRIAO 002 M Brasil Bagé/RS 19. abr. 2006 Captive Bred Feathers No SSR -
37 PCA 001 M ND Canoas Zoo 12. mai. 2006 Police Seizure Feathers mtDNA SSR Hap_1
38 190907 ? ND Canoas Zoo 19. set. 2007 Police Seizure Feathers mtDNA SSR Hap_1
39 URU 001 ? ND Private Owner 30. jun. 1905 Captive Bred Feathers MtDNA SSR Hap_1
40 URU 002 ? ND Private Owner 30. jun. 1905 Captive Bred Feathers mtDNA SSR Hap_1
2 URU 003 ? ND Private Owner 30. jun. 1905 Captive Bred Feathers mtDNA SSR Hap_1
42 URU 004 ? ND Private Owner 30. jun. 1905 Captive Bred Feathers mtDNA SSR Hap_1
- MACN 384a M Argentina Tucumén 7. abr. 1905 Museum Skin Footpads MtDNA SSR Hap_3
MACN 826a M  Argentina San Luis 15. dez. 1925 Museum Skin Footpads No SSR -
45 MACN 1462a M Uruguay Colonia 15. abr. 1927 Museum Skin Footpads MDNA SSR Hap_2
MACN 3388a M  Argentina Cordoba 13. mai. 1933 Museum Skin Footpads MDNA No Hap_2
MACN 43559 M  Argentina Entre Rios 21. abr. 1961 Museum Skin Footpads MDNA SSR Hap_3
MACN 48179 M  Argentina Corrientes 26. dez. 1962 Museum Skin Footpads mtDNA SSR Hap_3
MACN 49697 M  Argentina La Pampa 6.jun. 1963 Museum Skin Footpads mtDNA SSR Hap_1
MACN 51721 M  Argentina Buenos Aires 18. abr. 1967 Museum Skin Footpads mtDNA SSR Hap_1
MZUSP 70522 M Brasil Arroio Xui/RS 20. jul. 1966 Museum Skin Footpads No SSR y
MCN 01682 M Brasil Arroio Quarai-chico/RS 12. jul. 1973 Museum Skin Footpads No SSR -
MCN 01683 M Brasil Pedras Altas/RS 25. mar. 1975 Museum Skin Footpads No SSR -
ROM 59090 M  Argentina Cordoba 2.jun. 1913 Museum Skin Skin mtDNA SSR Hap_1
ROM 22.1.2.4 M ND Metro Toronto Zoo ? Museum Skin skin MtDNA SSR Hap_3
56 P 2151 ? ND Private Owner .2006 Police Seizure Muscle mtDNA SSR Hap_3
58 PCA014 M ND Gramado Zoo 24. abr. 2009 Police Seizure Feathers/Blood mtDNA No Hap_2
59 PCA015 M ND Gramado Zoo 24. abr. 2009 Police Seizure Feathers/Blood mtDNA No Hap_2
60 PCA016 M ND Gramado Zoo 24. abr. 2009 Police Seizure Feathers/Blood mtDNA No Hap_1
63 PCAO57 F ND Gramado Zoo 24. abr. 2009 Police Seizure Feathers/Blood mtDNA No Hap_2
64 PCAO58 F ND Gramado Zoo 24. abr. 2009 Police Seizure Feathers/Blood mtDNA No Hap_2
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7.1. Appendix A.1. Gubernatrix cristata samples used in this study.

Sample # Sample Code Sex  Country Locality Date Source Tissue type mtDNA Samples SSRs Samples Haplotypes
65 PCAO59 F ND Gramado Zoo 24. abr. 2009 Police Seizure Feathers/Blood mtDNA No Hap_2
67 PCAO61 M ND Gramado Zoo 24. abr. 2009 Police Seizure Feathers/Blood mtDNA No Hap_2

DA32105 F Brasil CITOCEL 3. abr. 2008 Captive Bred DNA mtDNA No Hap_3
DA32107 M Brasil CITOCEL 3. abr. 2008 Captive Bred DNA mtDNA No Hap_1
DA32108 M Brasil CITOCEL 3. abr. 2008 Captive Bred DNA mtDNA No Hap_1
DA32109 F Brasil CITOCEL 3. abr. 2008 Captive Bred DNA mtDNA No Hap_1
DA32387 F Brasil CITOCEL 20. mai. 2008 Captive Bred DNA mtDNA No Hap_3
DA33531 M Brasil CITOCEL 18. dez. 2008 Captive Bred DNA mtDNA No Hap_3
DA33532 M Brasil CITOCEL 18. dez. 2008 Captive Bred DNA mtDNA No Hap_2
DA33793 F Brasil CITOCEL 20. jan. 2009 Captive Bred DNA mtDNA No Hap_2
DA33794 F Brasil CITOCEL 20. jan. 2009 Captive Bred DNA mtDNA No Hap_2

I - T




7.2. Author guidelines. Animal Conservation and Diversity and Distributions

Animal Conservation
The rapid publication journal for quantitative studies in conservation

Published on behalf of the Zoological Society of London

Edited by:
Trenton Garner, Matthew Gompper, lain Gordon,Todd Katzner, Karen Mock and Stephen Redpath Reviews Editor:
Nathalie Pettorelli

Print ISSN: 1367-9430

Online ISSN: 1469-1795

Frequency: Bi-monthly

Current Volume: 13 / 2010

ISl Journal Citation Reports® Ranking: 2009: Ecology: 49 / 127; Biodiversity Conservation: 9 / 28
Impact Factor: 2.358

Author Guidelines

Instructions to Authors

Papers should be submitted online at http://mc.manuscriptcentral.com/acv Full upload instructions and support are
available online from the submission site via the 'Get Help Now' button. Please submit your covering letter or
comments to the editor when prompted online.

The submissions listed below are considered:
Research papers: must be limited to 4000 words, excluding references, tables and figures

Reviews: Review articles should provide a succinct analysis of the subject and can include quantitative meta-
analysis, syntheses and modeling approaches, and critical evaluation. Prospects for future research directions should
be described. Reviews should be no more than 4000 words with a maximum of 80 references, 70% of which must
have been published within 5 years of the submission. Extensive literature reviews will not be considered.

Prospective authors should submit a 300-word abstract, a list of up to 20 key references, and a cover letter (two
pages maximum) outlining what will be discussed in the article, to the Reviews Editor
(Nathalie.pettorelli@ioz.ac.uk). The editor will supply guidelines on manuscript preparation if the proposal is
accepted. The submission of completed manuscripts without prior consultation with the Editor is strongly
discouraged. Authors should note that all articles in Animal Conservation are peer-reviewed and publication cannot
be guaranteed.

Correspondence: criticisms or additions to papers already published; limited to 1000 words.

Papers that report experimental work must comply with the standards and procedures laid down by British national
or equivalent legislation. Attention is drawn to the 'Guidelines for the Use of Animals in Research' published in each
January issue of the journal Animal Behaviour. Papers will not be accepted if they are based on work involving
cruelty to animals or if the work may have put at risk endangered populations, species or habitats. The Editors may
seek advice from the Ethical Committee of the Zoological Society of London on ethical matters.

Conflict of interest

Authors must declare details of any potential conflict of interest. A conflict of interest exists when professional
judgement concerning a primary interest (such as animal welfare or the validity of research) may be influenced by
secondary interests (personal matters such as financial gain, personal relationships or professional rivalry).

Submission

Submission of a manuscript will be taken to imply that the material is original and that no similar paper is being, or
will be, submitted elsewhere, either in whole or substantial part. Serialized studies should not be submitted and
titles should not contain part numbers. The Editors reserve the right to accelerate the publication of high-profile
papers, commissioned reviews or topical papers. Authors are required to provide the names of 2 - 4 suitable
referees, however the Editor reserves the right to choose referees other than those suggested.
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OnlineOpen

Authors of articles in the Animal Conservation Journal can now choose to make their articles open access and
available free online for all readers through the payment of an author fee. A copy of the OnlineOpen form can be
found here.

DNA sequence data

DNA sequence data published in Animal Conservation should be deposited in one of the EMBL/GenBank/DDB)J
nucleotide sequence databases, and accession numbers must be included in the final version of the manuscript.
Genetic data from sources other than the manuscript must either be publicly available (with accession numbers or
citations provided) or the authors must have appropriate permission to use unpublished data. Such permission
should be described explicitly in the covering letter

Presentation
Typescripts must be typed in double spacing, and pages should be numbered consecutively, including those
containing acknowledgements, references, tables and figures. Lines must be numbered, preferably within pages.

Manuscripts for review must consist of no more than two files and should, ideally be a single file with figures
embedded in the text (please note that separate high resolution figure files will be required upon acceptance -
please see below). Typescripts must be in English (both English and American English are acceptable).

The Editors reserve the right to modify accepted manuscripts that do not conform to scientific, technical, stylistic or
grammatical standards, and these minor alterations may not be seen by the authors until the proof stage.

Conventions

The Metric system must be used and Sl units where appropriate. For further details see Baron, D.N. (1988). Units,
symbols and abbreviations. 5th edition. London: Royal Society of Medicine Series. Whole numbers one to nine
should be spelled out and number 10 onwards given in numerals. If a new taxon is described, the institution in
which the type material is deposited must be given, together with details of the registration assigned to it. Full
binomial names should be given on the first occasion an organism is mentioned (and abbreviated thereafter), except
at the beginning of a sentence. Avoid footnotes except to add information below the body of a table. Do not use
initial capitals for the common names of animals unless derived from a proper noun.

Typescript

The typescript should follow the conventional form and must include:

(1) Title page giving a concise title (do not include scientific names in the title), followed by a list of authors' names
and the institutions where the work was carried out. The name, address and email address of the corresponding
author should also be given. A short title for page headings must be provided (maximum 8 words).

(2) Abstract of not more than 300 words which should list the main results and conclusions. The abstract should also
explain the importance of the paper in a way that is accessible to non-specialists and should describe the novel
aspects of the research and highlight the relevance of the findings to other taxa or general principles in conservation
biology. Authors may submit non-English abstracts for online publication to allow the international research
community greater access to published articles. Translated abstracts should be submitted in pdf format as
supplementary material. The Editors have no input into the content of supplementary material, therefore accuracy is
the sole responsibility of the authors.

(3) Keywords. A maximum of eight keywords may be suggested.

(4) Introduction, which should not provide a review of the area of work but should introduce the reader to the aims
and context for the work described.

(5) Materials and Methods should be sufficient to allow the work to be replicated, but should not repeat information
described fully elsewhere.

(6) Results should be restricted to a factual account of the findings obtained and the text must not duplicate
information given in Tables and Figures. (7) Discussion. This should point out the significance of the results in
relation to the reasons for undertaking the research, and describe the novel aspects of the research and the
relevance of the findings to a range of taxa or general principles in conservation biology.

Please note that appendices are no longer published in the printed version of the journal. Supplementary material
may be published online only. References Accuracy of references is the responsibility of the author(s).

References

must be checked against the text to ensure (a) that the spelling of authors' names and the dates given are consistent
and (b) that all authors quoted in the text (in date order if more than one) are given in the reference list and vice
versa. The full title of the paper must be given together with the first and last pages.
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Journal titles should be abbreviated in accordance with the Zoological Record Serial Sources, published annually by
BIOSIS.

Book titles should be followed by the place of publication and the publisher. Please give the name of the editor(s) if
different from the author cited.

In the text, references must be arranged chronologically with the surname(s) of the author(s) followed by the date.
Use a, b, etc. after the year to distinguish papers published by the same author(s) in the same year. Reference should
not be made to unpublished data.

(i) Two authors: use both names and the year. Do not use et al.

(i) Three authors: on first citation use all authors' names and the year. Thereafter it is usually sufficient to give the
name of the first author followed by et al. and the date.

(iii) More than three authors: on first citation and thereafter give the name of the first author followed by et al. and
the date.

In the list, references must be arranged first alphabetically under author(s) name(s) and then in chronological order
if several papers by the same author(s) are cited.

Examples

Lemelin, P. (1996a). Relationships between hand morphology and feeding strategies in small-bodied prosimians. Am.
J. phys. Anthrop. (Suppl.) 22, 148.

Lemelin, P. (1996b). The evolution of manual prehensility in primates: a comparative study of prosimians and
didelphid marsupials. PhD thesis, State University of New York at Stony Brook.

Pianka, E. R. (1978). Evolutionary ecology. 2nd edn. New York: Harper & Row.

Whitear, M. (1992). Solitary chemosensory cells. In Fish chemoreception: 103-125. Hara, T. J. (Ed.). London:
Chapman & Hall.

References in Articles
We recommend the use of a tool such as EndNote or Reference Manager for reference management and formatting.
EndNote reference styles can be searched for here: http://www.endnote.com/support/enstyles.asp

Reference Manager reference styles can be searched for here: http://www.refman.com/support/rmstyles.asp

Figures

Illustrations may be line drawings or photographs and should be numbered consecutively in the text as Fig. 1, Fig. 2
etc. Component parts of figures should be labelled (a), (b), (c) etc. Captions for figures, which should be self-
explanatory, must be typed, double spaced, on a separate page and must not contain details of results.

Our preferred electronic file type is vector-format encapsulated post script (EPS) because these images are scaleable
and therefore do not lose quality in the online PDF. All line drawings or photographs with added labelling should be
supplied in EPS format. Half tones without any labelling should be supplied in TIFF format at 300 dots per inch
minimum. If line drawings cannot be supplied as EPS files then they must be in TIFF format with a minimum
resolution of 800 dpi. These resolutions also apply to any images embedded into an EPS file.

Line drawings should not be larger than twice the final size and in no circumstances should exceed 168 x 220 mm.
The axes of graphs should be carefully chosen so as to occupy the space available to the best advantage. When
reduced, the drawing should fit into either one (80 mm) or two (168 mm) columns, preferably the former.

Lines should be bold enough to stand reduction to about 0.25-0.35 mm. Line drawings should be as simple as
possible and many computer-generated figures, such as 3-dimensional graphs, fine lines, gradations of stippling and
unusual symbols, cannot be reproduced satisfactorily when reduced. Unsatisfactory line drawings will have to be
redrawn at the author's expense. Preferred symbols are open and filled circles, boxes and triangles, and these should
be used consistently. Lettering should be kept to a minimum and should be self-explanatory and unambiguous and
of sufficiently high quality and size to be clearly visible after reduction to final size. Lettering of all figures within the
manuscript should be of uniform style in a sans serif typeface (Helvetica) and capitals should be used for the initial
letter of the first word only. Bold lettering should not be used.

Photographs should be the same size as they will appear in the journal and should be selected to fit neatly into one
column (80 mm) or two columns (168 mm). Photographs should be labelled and numbered as for line drawings. For
microscopical preparations, scale bars with appropriate units must be provided; statements of magnification are not
acceptable.



Colour figures may be accepted provided that they are of a very high quality. The cost of reproduction must be met
by the author(s) and a binding agreement to meet the costs will be required before the manuscript can be accepted
for publication. For colour figures, the instructions for the preparation of photographs should be followed. Original
illustrations should not be sent until the paper has been accepted and will only be returned on request. Any article
received by Blackwell Publishing with colour work will not be published until the colour work agreement form has
been returned.

Tables

These must fit the page size (220 x 168 mm) without undue reduction. Oversize tables will not be accepted. Tables
are referred to as Table 1, Table 2, etc., and any sub-sections as (a), (b), etc. Footnotes in tables should be indicated
by superscript a, b.

Decisions and invitations to revise

All submissions are subject to peer review and authors can expect a decision, or an explanation for the delay, within
3 months of receipt. If a revision is requested, the corresponding author should submit the revised manuscript
within 2 months unless there are special reasons for a delay, agreed in advance with the Editor. Papers not received
within 2 months may be treated as new submissions and sent for further evaluation by new referees.

Pre-submission English-language editing

Authors for whom English is a second language may choose to have their manuscript professionally edited before
submission to improve the English. A list of independent suppliers of editing services can be found at
www.blackwellpublishing.com/bauthor/english_language.asp. All services are paid for and arranged by the author,
and use of one of these services does not guarantee acceptance or preference for publication.

Exclusive Licence Form
Authors will be required to sign an Exclusive Licence Form (ELF) for all papers accepted for publication. Signature of
the ELF is a condition of publication and papers will not be passed to the publisher for production unless a signed

form has been received. Please note that signature of the ELF does not affect ownership of copyright in the material.

(Government employees need to complete the Author Warranty sections, although a licence does not need to be
assigned in such cases). After submission authors will retain the right to publish their paper in various
medium/circumstances (please see the form for further details). To assist authors an appropriate form will be
supplied by the editorial office.
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Diversity and Distributions
A Journal of Conservation Biogeography

Edited by:
David M. Richardson

Print ISSN: 1366-9516

Online ISSN: 1472-4642

Frequency: Bi-monthly

Current Volume: 16 / 2010

ISI Journal Citation Reports® Ranking: 2009: Ecology: 18 / 127; Biodiversity Conservation: 4 / 28
Impact Factor: 4.224

Author Guidelines
Average time between receipt of manuscript and first editorial decision is now 43 days!
Diversity and Distributions has five main categories of articles: -

1. Biodiversions. These are editorial items solicited directly by the Editor. Unsolicited material will not normally be
considered. If you have an idea for such a contribution (up to 2000 words), please contact the Editor, who will
provide you with the necessary guidance for submission.

2. Biodiversity Viewpoints. This section contains short essays (usually up to 3000 words) considering biodiversity
from a particular disciplinary, regional, political, or other standpoint. If you would like to contribute such an essay,
please contact the Editor outlining the distinctive character of your proposed essay, its length, the number of
references, and the character of any illustrations to be used.

3. Biodiversity Research and Reviews This is the core section of the journal and presents research or review articles
up to 5000 words in length, but preferably shorter (the word limit refers to text from the start of the introduction to
the end of the acknowledgements - i.e. excluding the title, abstract, references, figure captions, and tables). Tables
should not be overlong and complicated. The Editor reserves the right to publish long tables and appendices on the
journal's website, rather than in the printed version. Such a decision will only be taken after consultation with the
author. A short running title should be provided. The manuscript must include an abstract of no more than 300
words structured under the headings: Aim, Location, Methods, Results, Main conclusions, and ending with a list of 6-
10 keywords or phrases, arranged in alphabetical order. Three different weights of headings are available: authors
should indicate the relative importance of a heading by the use of ringed capital letters. i.e. (A) for main headings;
(B) for secondary headings; and, (C) for tertiary headings. The correct nomenclatural authorities for all taxa must be
given on the first appearance in the text, in Tables, and in the captions to Figures, unless a general reference to a
standard source is provided at an appropriate place in the manuscript. A biosketch entry should be included after
the references section (see below).

4. Biodiversity Letters. This section presents short items (normally less than 1000 words) of general news interest
with respect to biodiversity, conferences or events, computer hardware and software developments, films and
videos, the law, and political debates. Brief letters to the editor are also most welcome. Lively titles are encouraged,
and material should be as topical as possible. Longer letters (up to 2500 words in total) prompted by papers
previously published in this or occasionally other journals are also encouraged. Such longer communications should
include a one-paragraph abstract (150 word maximum), and a list of 6-10 keywords.

Manuscript preparation and submission

Diversity and Distributions requires online submission of manuscripts at http://mc.manuscriptcentral.com/ddi.
Submission online is an intuitive, step-by-step process. By submitting online, you will benefit from quicker peer-
review, web-based manuscript tracking, online reviewing and faster response. You will need your manuscript and
figures in a digital format. When submitting, authors should upload a single file that contains all text (including a
short running title, references, tables, figure captions and appendices) and figures, which should be embedded into
the document. A PDF file will then automatically be created for reviewing purposes. Full instructions and support for
authors can be found at the Site. To use the Site you will need a user ID and password. Go to the Journal's
submission homepage (http://mc.manuscriptcentral.com/ddi) and click 'Create a new account' if you have not
registered before, or click 'Check for existing account' if you have submitted online or reviewed online before for the
Journal (or if you have forgotten your details). If you at any time experience difficulty with your online submission,
please contact the Editorial Assistant at ddi@sun.ac.za.
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Contributing authors are requested to submit, at the time of submission of their manuscripts, a list of at least five
persons that they consider well qualified to review the submitted work (e-mail addresses should be included). The
list should NOT include any current or recent collaborators in work that is closely related to the topic of the
submitted paper, or any persons within the same organization as any of the authors of the submitted work.

All enquiries should be directed to:

Prof. David M. Richardson
Centre for Invasion Biology (CIB)
Science Faculty

University of Stellenbosch
Private Bag X1

Matieland 7602

South Africa

Tel: 42782 902-9024

Fax: +2721 808-2995

E-mail: rich@sun.ac.za

CIB website: www.sun.ac.za/cib

Pages and lines should be numbered to aid cross-referencing (in MSWord, go to "Page Setup" then "Layout"; select
"Line numbers"; click on "Add line numbers" and select "continuous").

Only papers written in English will be accepted. The journal cannot provide detailed editing of manuscripts to
correct English. Where necessary, authors should have their manuscripts checked by a native English speaker before
submitting their work.

Abbreviations and units

Sl units (metre, kilogram, etc.) are essential. Statistics and measurements should be given in figures, i.e. 10tmm,
except where the number begins the paragraph. When the number does not refer to a unit of measurement, it is
spelt out, except where the number is greater than 10. A list of preferred abbreviations and naming conventions is
available here.

Tables

Tables must be positioned on separate sheets and numbered consecutively (Table 1, Table 2, etc.). Column headings
should be brief: with units of measurement in parentheses. Tables should be typed as text, using 'tabs' (not spaces)
to align columns. The use of table editors should be avoided. Do not use graphics software to create tables.

Methods
Please ensure that this section is entitled '"METHODS', and not 'MATERIALS AND METHODS'.

Figures, lllustrations and Maps

All illustrations (including photographs) are classified as figures and should be numbered consecutively (Fig. 1, Fig. 2,
etc.). When submitting a manuscript to Manuscript Central, authors should upload a single text file with embedded
figures. Upon your manuscript being accepted for publication, please supply separate files containing electronic
versions of your figures (see File Formats, below). Please note that your paper will go through production more
quickly if instructions on content and format are followed carefully. Each figure must have a legend that makes the
material completely understandable. Legends should be presented separately from the figures, in a list at the end of
the manuscript. Label multi-panel figures (a), (b), (c), etc., preferably in the upper left corner, and refer to them in
the text as, for example, Fig. 1(a). Please ensure that electronic artwork is prepared such that, after reduction to fit
across one or two columns or two-thirds width (80 mm, 169 mm or 110 mm, respectively) as required, all lettering
and symbols will be clear and easy to read, i.e. no labels should be too large or too small. Avoid using tints if
possible; if they are essential to the understanding of the figure, try to make them coarse.

Maps that display area data and organism distribution at a continental, hemispheric, or world scale must always use
an equal-area map projection (e.g. Mollweide or Aitoff's). Note especially that Mercator's projection is not
acceptable for such data. Please indicate the precise projection employed in the caption. On these maps, the
equatorial scale should be indicated, while scale information should be provided, preferably as a scale bar within the
figure, for all maps of whatever size and area.

File Formats: After acceptance of your manuscript for publication, figure files should be supplied as follows.
Photographic figures should be saved in tif format at 300 d.p.i. (or failing that in jpg format with low compression).
Line figures should be saved as vector graphics (i.e. composed of lines, curves, points and fonts; not pixels) in eps or
pdf format, or embedded as such in Word, as this enhances their display when published online. Combination



figures (those composed of vector and pixel/raster elements) should also be saved in eps or pdf format where
possible (or embedded as such in Word). If line figures and combination figures cannot be saved in vector graphics
format, they should be saved in tif format at high resolution (i.e. 600 d.p.i.) (do not save them in jpg format). If you
are unsure about the resolution of your tif files, please zoom in and check that fonts, curves and diagonal lines are
smooth-edged and do not appear blocky when viewed at high magnification. Note that line and combination figures
supplied in tif format are downsampled for online publication and so authors should preferentially opt for vector
graphic formats for these figure types (full resolution tif files are used for print publication).

If there is colour artwork in your manuscript when it is accepted for publication, Wiley-Blackwell require you to
complete and return a Colourwork Agreement Form before your paper can be published. Once completed, please
return the form to the Production Editor at the address below:

Production Editor

Diversity and Distributions
Wiley-Blackwell

600 North Bridge Road #05-01
Parkview Square

Singapore 188778.

Fax: +65 6295 6202

E-mail: ddi@wiley.com

Any article received by Wiley-Blackwell with colour work will not be published until the form has been returned
Under exceptional circumstances, authors may request the above charges to be waived. This must be done, in
writing, at the time of submission of the manuscript, and authors must justify to the Editor that inclusion of the
figure(s) in colour is essential for interpretation of the results presented. If authors wish to apply for funds to cover
the costs of colour printing, the Editor will provide relevant support letters to funding bodies, indicating acceptance
of the paper. Note that we offer a free Colour on the Web option whereby authors can have figures printed in black
and white in the journal but in colour in the online version, free of charge.

Appendices and Supporting Information

Appendices may be provided for important primary data, which needs to be included in the paper. If, however, these
data are very extensive, or if they are of only indirect relevance to the paper, they will normally be made available in
an electronic form through the Journal's web pages. Mention of the first supporting appendix, table or figure ,etc., in
the text should be in the form 'see Appendix S1 in Supporting Information' [where 'S' indicates Supporting],
subsequent mention should be in the form 'see Appendix S2'. Authors should then include a Supporting Information
section after the References section, which should be in the following form (text in curly brackets is for completion
by the author, see instructions below):

Supporting Information
Additional Supporting Information may be found in the online version of this article:

Appendix S1 {Insert short legend to online Appendix S1}
Figure S1 {Insert short legend to online Figure S1}
Table S1 {Insert short legend to online Table S1}

As a service to our authors and readers, this journal provides supporting information supplied by the authors. Such
materials are peer-reviewed and may be re-organized for online delivery, but are not copy-edited or typeset.
Technical support issues arising from supporting information (other than missing files) should be addressed to the
authors.

For reasons of space, only short titles to Supporting Information should be given in this section; full titles (if
different) can be given with the Supporting Information itself; full titles can include a fuller description of content,
definition of abbreviations, etc. Supporting Information files are hosted by the Publisher in the format supplied by
the author and are not copy-edited by the Publisher. It is the responsibility of the author to supply Supporting
Information in an appropriate file format and to ensure that it is accurate and correct. Authors should therefore
prepare Supporting Information with the same rigour as their main paper, including adhesion to journal style (e.g.
formatting of references). Supporting Information can be provided as separate files or as one combined file. Authors
are discouraged from supplying very large files or files in non-standard file formats, both of which may reduce their
use to the readership. Files should be prepared without line numbers or wide line spacing, and with all track-change
edits accepted. Further information on Supporting Information is available here.



At proof correction stage authors will be given access to their Supporting Information (via the web) and should
check it for accuracy and updates. If changes are required corrected versions of the files received with the proof
must be emailed to the Production Editor, with a brief description of the changes made. Supporting Information
must be checked alongside the main proof and corrections for both returned to the Production Editor at the same
time.

Biosketch/Biosketches

A short Biosketch/Biosketches entry (30-100 words for one author/150 words for the first three authors,
respectively) describing the research interests of the author(s) should be provided. For papers with 4 or more
authors, biosketch details should be supplied for the first author only; alternatively, a general statement of the focus
of the research team (a link to a group web page is encouraged) should be provided, together with a statement of
author roles, e.g. Author contributions: A.S. and K.J. conceived the ideas; K.J. and R.L.M. collected the data; R.L.M.
and P.A.K. analysed the data; and A.S. and K.J. led the writing.
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We recommend the use of a tool such as EndNote for reference management and formatting. Click here to
download the most up to date EndNote reference style for Diversity and Distributions. References should be made
by giving the author's name with the year of publication in parentheses. When reference is made to a work by three
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Please note that titles of journals should be written in full. Unpublished data, works in preparation and papers
submitted but not yet accepted may be cited in the text, giving the author's initials and surname, but should not be
included in the reference list.
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