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entendimento.

Clarice Lispector
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RESUMO

A Amazonia é considerada a maior floresta tropical continua do mundo e diversos
mecanismos tém sido propostos para tentar explicar a sua alta diversidade bioldgica.
Um dos mecanismos mais discutidos desde sua proposi¢do € a hipotese dos Refugios,
que se baseia na retracdo da floresta em periodos mais secos, isolando a fauna de
florestas em refugios imersos em uma matriz de vegetacdo aberta. Essas retracdes e
subseqiientes expansdes em periodos mais mésicos provocariam a interrup¢do do
fluxo génico entre as populagdes isoladas e poderiam gerar especiacao. Contudo,
estudos moleculares recentes indicam que a diversificacdo de espécies de vertebrados
de florestas tropicais provavelmente precede o periodo pleistocénico, originalmente
indicado na hipdtese dos Reflgios como o periodo em que esses eventos teriam
ocorrido. A espécie politipica Anolis chrysolepis, juntamente com Anolis bombiceps,
foi previamente estudada como um tipico exemplo de diversificagdo gerada pelas
flutuacdes climaticas do Pleistoceno, embora estudos posteriores tenham domonstrado
a presenga de grande divergé€ncia molecular entre parte das subespécies, indicando
uma separagdo mais antiga desses taxons e levantando o questionamento sobre seu
status taxonomico. Utilizamos o gene mitocondrial ND2 para investigar as relagdes
filogenéticas entre as subespécies de Anolis chrysolepis e os taxons determinados em
estudos anteriores como mais proximos a elas. Além disso, a sua morfologia e o seu
status taxonomico foram revisados, a fim de verificar a congruéncia entre os dados
morfologicos e moleculares, determinando se os tdxons previamente reconhecidos
morfologicamente sdo espécies validas. Com base nos dois conjuntos de dados, nds
elevamos as cinco subespécies do grupo Anolis chrysolepis ao status de espécies,
diagnosticamos cada uma delas com comentarios sobre as principais diferencas

morfologicas entre as espécies irmas e fornecemos novos dados de distribuicao.
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ABSTRACT

The Amazon forest is the largest continumm tropical forest around the world and
several mecanisms have been proposed to explain its high biological diversity. The
Refuge Hypothesis is one of the most debated explanations used and is based on the
contraction of forested areas during dry periods, restricting populations to forest
refugia. Forests expand during wet periods and these climatic and vegetational
oscillations during the Pleistocene would be responsible for speciation and
distribution patterns seen in Amazonian species. However, recent molecular
phylogenetic studies confront this notion by indicating that most divergences among
tropical forest vertebrate species predate the Pleistocene period. The Anolis
chrysolepis clade, along with Anolis bombiceps, was previously studied and cited as a
classic example of Pleistocene speciation, but recent studies showed substantial
molecular divergence in the complex indicating that further studies about the
subspecies relationships will demonstrate they are distinct species. We used the
mithocondrial gene (ND2) to estimate phylogenetic relationships among the Anolis
chrysolepis subspecies and the taxa previously hypothetized as related to them. In
addition, their morphology and taxonomy status were revisited in order to confirm the
congruence among the molecular and morphological datasets, determining if
morphologically defined taxa are valid species. Based on both datasets, we elevate the
five subspecies of Anolis chrysolepis to species status, diagnosticating each one of
them with comments about the main morphological differences between the sister

taxon and providing new distribution data.



INTRODUCAO

A Amazonia ¢ considerada a maior floresta tropical continua do mundo,
(Capobianco, 2002; Goulding et al., 2003) e diversos mecanismos de especiacao
foram propostos para explicar a sua grande diversidade de espécies Entre estas
hipoteses biogeograficas estdo as que destacam a importdncia dos gradientes
ecoldgicos na geragdo de espécies simpatricas (Endler, 1982; Smith et al., 1997), a
existéncia de refugios florestais pleistocénicos (Haffer, 1969; Vanzolini & Williams,
1970), a influéncia do sistema hidrografico na diversificagdo da biota (Ayres &
Clutton-Brock, 1992; Haffer, 1992), os arcos geologicos espalhados pela bacia
amazonica como indicadores de processos de vicariancia (Silva & Patton, 1998;
Patton & Silva 2001) e o papel biogeografico dos mares e lagos salobros que
invadiram a bacia amazonica (Bates, 2001). Edward Forbes (1846) foi um dos
primeiros a citar a Hipdtese dos Reflgios, uma das explicagdes mais usadas para
elucidar a diversificagdo da fauna de florestas tropicais, ao tentar analisar a
distribuicao disjunta de plantas na Europa (Mayr & O’Hara, 1986). A partir de entao,
muitos autores argumentaram que as barreiras vegetacionais que foram tao efetivas no
processo de especiagdo em regides temperadas, poderiam também ter sido bastante
eficazes nas regides tropicais (Haffer 1969, 1974; Vanzolini & Williams, 1970; Snow,
1978).

Haffer (1969), ao analisar uma carta pluviométrica e perceber a presenca de
areas com alta precipitacdo anual (por exemplo, acima de 3.000 mm entre os rios
Negro e Japurd) e locais bem mais secos (menos de 2.000 mm ao longo dos rios
Trombetas e Tapajos), presumiu que o aumento da aridez do clima viria a erradicar a
floresta nessas areas mais secas, isolando manchas de floresta em diversos “refugios”,
onde a fauna umbroéfila de aves sobreviveria e entraria em processo de especiacao
geografica. Haffer (1969, 1974) baseou o modelo dos refiigios nas flutuagdes
climaticas drasticas do Pleistoceno e sua presumivel influéncia na especiagdo da fauna
tropical, ao forcarem as florestas continuas a se reduzirem a fragmentos separados
entre si por areas de vegetacdo aberta, restringindo assim o fluxo génico entre as
espécies. Mas em 1992 e em 1997, o autor tornou a hipotese mais abrangente ao
admitir que a variagdo climatica ocorrente em todo o Cenozbdico também poderia

produzir especiacao.



Contemporaneamente, Vanzolini & Williams (1970) estudaram a variagdo
geografica do que chamaram de complexo de espécies Anolis chrysolepis (incluindo
as espécies atualmente reconhecidas A. chrysolepis e Anolis bombiceps). Os autores
analisaram caracteres meristicos ¢ morfométricos ao longo de diversos transectos e,
como resultado, chegaram a mesma conclusdo que Haffer quanto ao modelo de
especiacdo. Distinguiram quatro areas core, designando cada uma delas como centro
de evolucao de uma subespécie, e as areas de intergradagdo (entre as areas core)
foram consideradas como zonas de contato secundario entre elas. Em conseqiiéncia,
descreveram uma nova subespécie (Anolis chrysolepis brasiliensis) e reconheceram
outras trés (A. c. scypheus, A. c. planiceps, e A. c. chrysolepis). Tendo em vista a
simpatria entre A. C. schypheus e o taxon A. bombiceps, esta foi considerada como
uma espécie a parte.

Tais trabalhos foram de imensa importidncia por questionarem a idéia
dominante na época, de que a estabilidade das florestas tropicais era o fator gerador e
mantenedor da sua alta biodiversidade. Assim, houve um frenesi de trabalhos
subseqiientes que tentaram explicar os padrdes de diversificacdo de diversos grupos
tendo como base as flutuacdes climaticas do Pleistoceno abordadas na hipotese dos
Refugios.

Em 1981, Vanzolini & Williams propuseram uma extensdo a hipotese dos
Refugios: o modelo dos Refugios Evanescentes. Durante os periodos mais secos,
alguns refugios florestais teriam se contraido tanto que chegaram a desaparecer por
completo. Algumas populagdes dos animais que viviam nesses refugios, contudo,
teriam conseguido se adaptar a esses novos ambientes mais aridos, eventualmente
vindo a acumular divergéncias de tal ordem que impedisse o intercruzamento com as
populacdes remanescentes de floresta, em caso de contato secundério entre elas.

Em seu trabalho sobre lagartos da Amazonia Brasileira, Avila-Pires (1995)
ndo concordou completamente com o cenario apresentado por Vanzolini & Williams
(1970), argumentando que a andlise individual de cada carater tende a obscurecer a
informagao obtida pela associagdo de caracteres. Adotou Anolis nitens, ao invés de A.
chrysolepis, descreveu uma nova subespécie, A. nitens tandai, identificou a nivel de
sub-espécie todo o material examinado e questionou a existéncia das areas de
intergradacao identificadas pelos autores em 1970. Além disso, chamou atencdo para
outro ponto relevante referente a Anolis chrysolepis brasiliensis que, ao contrario de

seus coespecificos, habita areas de vegetagdo aberta. Vanzolini & Williams (1970)
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consideraram todo o grupo como tipico de areas florestadas, essencial para se postular
a separacao do grupo em decorréncia do isolamento de suas populagdes em refugios
florestais (Figuras 1 e 2). Com excecdo dessa subespécie, todas as outras sdo
consideradas como tipicas de formacdes florestais fechadas, onde sdo usualmente
encontradas sobre a serapilheira que cobre o chdo da floresta (Caldwell & Vitt, 1999,
Vitt & Zani, 1996; Mesquita et al, 2006; Vitt et al, 2008). Avila-Pires (1995)
considerou que estudos mais aprofundados seriam necessarios € que maior atencao
deveria ser dada as possiveis relacdes entre as subespécies, pois as similaridades entre
elas nem sempre coincidiam com a proximidade geografica, como por exemplo no
caso de A. chrysolepis chrysolepis e A. chrysolepis tandai.

A hipotese dos Refuigios sofreu varias criticas desde que foi apresentada, uma
das quais diz respeito ao tempo de divergéncia postulado. A versdo original indica
claramente o Pleistoceno, ainda que posteriormente Haffer (1992, 1997, 2002), ja em
resposta a evidéncias de processos de especiagdo mais antigos (Colinvaux & Oliveira,
2001; Aleixo, 2004; Rosseti et al, 2005), argumente que mudangas climaticas
similares tenham ocorrido também em periodos anteriores. Estudos moleculares mais
recentes vém corroborando a idéia de que grande parte da divergéncia vista entre
espécies irmas de vertebrados que habitam florestas tropicais datam de periodos
anteriores ao Pleistoceno (Patton et al., 1996; Avise et al., 1998; Moritz et al., 2000,
Glor et al., 2001, Patton & Silva, 2001; Pelegrino et al., 2005; Geurgas et al., 2008;
Geurgas & Rodrigues, 2010).

Tais estudos envolvendo a fauna de lagartos tropicais t€ém aumentado
significativamente nos ultimos dez anos (Jackman et al, 1999; Moritz et al., 2000;
Glor et al, 2001; Nicholson, 2002; Pelegrino et al., 2005; Nicholson et al., 2006;
Gamble et al, 2007, 2008; Geurgas et al., 2008; Geurgas & Rodrigues, 2010). Dentre
esses trabalhos, Glor et al. (2001) examinaram as relacdes filogenéticas das espécies
de Anolis amazonicos utilizando os genes mitocondriais ND2, COI ¢ RNA's
transportadores adjacentes. A partir da calibracdo ja existente de 0.65% de
divergéncia por linhagem por milhdes de anos para lagartos da familia Agamidae para
0s mesmos genes, encontraram altos niveis de divergéncia na seqiiéncia de DNA
mitocondrial entre as espécies analisadas, rejeitando a hipdtese de que essas espécies
divergiram no periodo Pleistocénico e sugerindo que sua separacdo se deu no

Mioceno ou antes.



De acordo com Glor et al. (2001), a divergéncia de haplotipos em Anolis
chrysolepis sugere que a espécie é a mais antiga (15 ma) quando comparada com
Anolis fuscoauratus (3 ma), Anolis ortonii e Anolis punctatus (ambas com 6-7 ma),
que também ocupam toda a regido amazoOnica. Além disso, a alta diferenciacdo
genética encontrada pelos autores entre as populagdes geograficas de A. chrysolepis
(representando trés das cinco subespécies atualmente reconhecidas: A. chrysolepis
planiceps, A. chrysolepis scypheus, A. chrysolepis tandai) sugere que sua
diversificacdo provavelmente precede o Pleistoceno. Os autores concluem que
estudos futuros acerca das interagdes geograficas genéticas entre as subespécies
provavelmente iriam revelar que sdo espécies distintas (Figura 3).

Nicholson et. al (2005) ao testarem a hipotese de que as espécies de Anolis que
habitam o continente descendem de um ancestral caribenho, observaram maior
proximidade molecular entre as espécies A. onca, A. annectans, A. lineatus, A.
auratus, A. meridionalis e A. chrysolepis (Figura 4), que formaram um grupo bem
apoiado estatisticamente (probabilidade posterior Bayesiana 90-100).

Esse mesmo grupo foi estudado mais a fundo por Nicholson et. al, (2006) a
fim de investigar a hipotese de evolucdo retrégada de reducdo ou perda das lamelas
subdigitais na série onca de Anolis. Nesse trabalho, A. annectans e A. onca formam
um clado bem apoiado pelas andlises de Maxima Parcimdnia e Bayesiana, mas as
demais relagdes interespecificas ndo sdao bem apoiadas estatisticamente,
permanencendo ndo resolvidas. Embora A. chrysolepis nao tenha sido o foco do
trabalho, os resultados ndo apoiaram a monofilia do grupo (considerando trés
subespécies: A. C. scypheus, A. c. tandai e A. c. planiceps), mas sugerem que A. C.
tandai possa ser mais proximo de A. meridionalis e da série onca, ao invés dos seus

co-especificos, A. c. scypheus e A. c. planiceps (Figura 5).



Figura 1: Mapa de Distribuigao de Anolis chrysolepis e Anolis bombiceps retirado de
Avila-Pires (1995) para a Amazonia brasileira: A. c. brasilensis (tridngulos
invertidos), A. c. chrysolepis (circulos), A. ¢. planiceps (tridangulos; triangulo meio
aberto representa “Guyana”), A. c. tandai (estrelas), A. ¢. scypheus (quadrados) ¢ A.
bombiceps (asteriscos).




10°0'0"N

0°0'0"N—

10°0'0"S~

20°0'0"S

30°0'0"S

40°0'0"S

iy £ (o

400 200

400 Kilometers

¢  Analis chrysolepis

o Anolis meridionalis

| Cemado

Transition Areas

Guyanan savanna
Llanos

Chaco

Caatinga

F10°0°0"N

~0"0'0"N

~10°0'0"S

F20°000"8

F30°00"S

F40°0'0"S

T
T0°00"W

T
60°0°0"W

T
50°0°0"W

T
40°0'0"W

Figura 2: Mapa de distribui¢ao das espécies Anolis chrysolepis e Anolis meridionalis

no Brasil, retirado de Nogueira (2006). Os simbolos preenchidos em preto

representam material examinado pelo autor nas cole¢des do Muzeu de Zoologia da

Universodade de Sao Paulo (MZUSP) e Colecao Herpetologica da Universidade de

Brasilia (CHUNB), os demais representam dados obtidos da literatura.
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Taxonomia

O género Anolis Daudin, 1802

O género Anolis pertence a familia Polychrotidae (sensu Frost et al, 2001) ¢
sua taxonomia tem como base o trabalho classico de Etheridge (1960). Ao estudar a
osteologia do grupo, ele dividiu Anolis em dois subgrupos diagnosticados pela
morfologia das suas vértebras caudais: alfa e beta, sendo cada um subdividido em
varias subsecdes e séries. Reconheceu também trés géneros distintos além de Anolis:
Chamaeleolis, Phenacosaurus e Chamaelinorops. Apesar desse arranjo taxondmico
ter sido amplamente utilizado, o proprio Etheridge percebeu algumas incongruéncias
de caracteres em relagdo as segdes alfa e beta (Etheridge, 1960). Savage & Talbot
(1978) sugeriram que a se¢do beta de Anolis deveria ser tratada como género a parte
Norops com base na suposi¢do de que se tratava de um grupo monofilético.

Guyer & Savage (1986) apoiaram a monofilia da se¢do beta e aderiram a
sugestdo de que os representantes de tal secdo fossem agrupados no género Norops.
Reconheceram também quatro outros géneros no lugar da secdo alfa: Anolis (sensu
strictu), Ctenotus, Dactyloa e Xiphosurus. As conclusdes dos autores foram
amplamente criticadas (Cannatella & de Queiroz, 1989; Williams, 1989) e a monofilia
dos seus grupos foi tida como especulativa. Dessa forma, a grande maioria dos
pesquisadores preferiu continuar utilizando Anolis, por alegar que o reconhecimento
de Norops, na conformagdo taxondmica atual, deixaria Anolis parafilético (Cannatella
& de Queiroz, 1989; Jackman et al., 1999; Poe, 2004, Nicholson et al., 2005).

Os demais géneros sugeridos por Guyer & Savage (1986) e Savage & Guyer

(1989) sdo raramente utilizados.

Anolis chrysolepis Duméril & Bibron, 1837

A nomenclatura do grupo ¢é bastante confusa, e tanto nitens quanto chrysolepis
permanecem sendo utilizados como nomes validos até o presente momento. A
descricdo original de Draconura nitens Wagler (1830) ¢ bastante sucinta ¢ se baseia
principalmente em caracteres de coloracdo, que poderiam caracterizar diversas
espécies de Anolis. O espécime tipo foi perdido e parece ndo haver registro de outro

autor que o tenha examinado. Além disso, a localidade tipo “América” ndo ¢
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informativa, se considerarmos toda a distribuicao do género, que vai desde o sudoeste
dos Estados Unidos, México, América Central, Antilhas até a América do Sul
(Etheridge, 1960).

Em 1837, Duméril & Bibron descreveram Anolis refulgens, cuja localidade-
tipo é Suriname, ¢ mencionaram a possivel sininimia com Draconura nitens. Nesse
mesmo trabalho. Algumas paginas depois, descreveram também Anolis chrysolepis,
proveniente de Mana, na Guiana Francesa. Berthold (1840) usou refulgens ao invés
de nitens e acrescentou duas novas espécies, chrysolepis e striata, descrevendo o
ultimo. Atualmente, A. striata é reconhecido como sinénimo de Anolis auratus.

Ao longo do século XIX, o uso de nitens ou refulgens estava associado a
apenas algumas listas de espécies de pouca importancia, a0 mesmo tempo em que
Anolis chrysolepis Duméril & Bibron era reconhecida como espécie valida pela
maioria desses autores (Myers & Donnelly, 2008).

Boulenger (1885), no seu Catalogue of the Lizards in the British Museum,
listou refulgens como sindénimo junior de nitens e reconheceu tanto Anolis nitens
como Anolis chrysolepis como espécies validas, embora tenha identificado os 15
espécimes examinados por ele como Anolis chrysolepis.

Fowler (1913) descreveu a subespécie Anolis nitens bondi, tendo como
localidade-tipo ‘Cariquito’ (segundo Vanzolini & Williams, 1970: 85, Cariaquito, na
provincia de Paria, Sucre), na Venezuela. Barbour (1934) seguiu Boulenger (1885),
listando Anolis refulgens como sindénimo de A. nitens.

Beebe (1944) coletou animais vivos em uma expedicdo a campo e reconheceu
A. nitens e A. chrysolepis como as espécies mais abundantes de Anolis de Kartabo,
Guiana, e Caripito, Venezuela. Anolis chrysolepis foi considerada uma espécie com
padroes de linhas dorsais com infinita variagdo, enquanto Anolis nitens foi
caracterizada por séries de marcas em formas de V no dorso, do pescoco a base da
cauda. Shreve (1947) sinonimizou Anolis chrysolepis com Anolis nitens em uma nota
sobre dois espécimes da Venezuela que foram capturados no momento de sua copula,
admitindo que a fémea apresentava a linha vertebral mais clara de A. chrysolepis
(padrao morfolégico comum para as fémeas de alguns Anolis) e o macho apresentava
o padrdo de marcas em V de A. nitens (Figura 4). Esse mesmo autor foi o primeiro a
questionar a descrigdo de Wagler (1830). A partir desse trabalho, nitens passou a ser
usado como nome valido por diversos autores para os espécimes da Venezuela (Roze,

1958; Test et al., 1966; Donoso-Barros, 1968), mas chrysolepis nio foi descartado e
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ambos continuaram a ser utilizados como espécies validas no Catalogue of
Neotropical Squamata (Peters & Donoso-Barros, 1970).

Vanzolini & Williams (1970) revisaram esse grupo, a que chamaram de
“Anolis chrysolepis species group”, e consideraram treze nomes especificos que
estavam disponiveis na época, com Draconura nitens Wagler (1830) sendo referido
como o mais antigo. Para os autores, Anolis refulgens teria apenas a prioridade de
algumas paginas em relagdo a Anolis chrysolepis e, por ter sido empregado somente
em listas de tipos e sinonimia, tratar-se-ia de um nomen oblitum. Ja Draconura nitens
ndo representaria o sindnimo sénior de A. chrysolepis, mas sim um nome de aplicagao
incerta (nomen dubium), tendo em vista sua descrigdo vaga. Por essa razdo, Vanzolini
& Williams (1970) elegeram Anolis chrysolepis Duméril & Bibron (1837) como
nome mais satisfatério e familiar para qualquer membro do grupo. Reconheceram
Anolis bombiceps Cope 1876, cujo tipo parece ter sido perdido, como espécie valida e
simpatrica a Anolis chrysolepis scypheus, uma vez que possuiam espécimes que se
encaixavam na descricdo original de Cope, procedentes de diversas localidades
proximas a Nauta, Peru, localidade-tipo de A. bombiceps. Vanzolini & Williams
também sinonimizaram Anolis incompertus incompertus a Anolis chrysolepis
scypheus, através da analise do espécime-tipo utilizado na descricdo de Barbour
(1932), proveniente da localidade de Villa-Vicencio, na Colombia. Anolis nitens
bondi Fowler (1913) foi considerado sinénimo de A. chrysolepis planiceps, tendo
como base o exame de espécimes de Yacua, localidade proxima a Cariaquito,
Venezuela (localidade-tipo de A. n. bondi), em vista de terem encontrado o holotipo
desse taxon mal preservado, impedindo uma analise adequada de seus caracteres.

Hoogmoed (1973) seguiu a nomenclatura proposta por Vanzolini & Williams
(1970), mas sugeriu que a Comissdo Internacional de Nomenclatura Zooldgica
(ICZN) fosse consultada para que o nome nitens fosse suprimido ¢ a estabilidade
nomenclatural fosse entdo obtida.

Para Savage & Guyer (1989) A. chrysolepis foi considerada como espécie
vélida, seguindo o proposto por Vanzolini & Williams (1970). Contudo, em 1991, os
autores mudaram de opinido alegando que nitens ja possuia 125 anos de uso continuo
e que a proposta de Vanzolini & Williams (1970) ndo era apenas contraria ao Codigo,
como também desestabilizava um nome amplamente aceito. Tanto Hoogmoed (1973)

como Savage & Guyer (1991) consideraram que, tendo em vista o principio da

10



prioridade estabelecido pelo Cddigo Internacional de Nomenclatura Zooldgica, a
supressdo de um nome mais antigo so6 poderia ser decidida pela ICZN.

Avila-Pires (1995) seguiu Savage & Guyer (1991) na utilizacdo do nome
Anolis nitens, considerando que até aquele momento nenhuma solicita¢ao havia sido
enviada a ICZN para supressdo desse nome. Além disso, descreveu uma nova
subespécie, Anolis nitens tandai, proveniente de localidades entre Borba e Benjamin
Constant, no Amazonas, Brasil.

Alguns autores (Shreve, 1947; Vanzolini & Williams, 1970; Myers &
Donnely, 2008) foram bastante explicitos quanto a inadequagdo da descri¢do original
de A. nitens, pois, sem uma localidade-tipo especifica ¢ sem um holdtipo conhecido,
s0 ¢ possivel reconhecer a espécie a partir da vaga descricao original. Para Vanzolini
& Williams (1970) e recentemente enfatizado por Myers & Donnelly (2008), A.
nitens s6 poderia ser reconhecido através dos caracteres de coloragdo, uma vez que a
morfologia geral descrita pode até excluir alguns tdxons, mas ndo oferece o
reconhecimento de caracteres especificos de uma determinada espécie de Anolis.
Tendo em vista que os dois nomes, A. nitens e A. chrysolepis, continuam sendo
utilizados por diferentes autores, C. W. Myers enviou, em dezembro de 2007, uma
proposta a ICZN de supressdo do nome nitens Wagler (1840).

Tendo em vista que nenhuma decisdo foi ainda publicada pela Comissdao
Internacional de Nomenclatura Zooldgica e levando em consideragdo os argumentos
acima citados acerca da vaga descrigdo de nitens, da auséncia de tipo, da falta de
especificidade quanto a sua localidade-tipo e por considera-lo como um nome de
aplicagdo incerta, adoto neste trabalho o nome Anolis chrysolepis como permitido

pelo Codigo, Artigo 23.3.6 (ICZN, 1999).

A problematica do Conceito de Espécie e 0 uso do termo subespécie

O tratamento taxondmico de muitas espécies, principalmente daquelas
politipicas, depende fundamentalmente do que entendemos por espécie (Aleixo,
2007). Ao longo dos tltimos cinqiienta anos, diversos conceitos de espécie tém sido
propostos e, com isso, debates infindaveis t€m dominado o ramo da biologia evolutiva
abordando qual o melhor conceito de espécie a ser adotado e por que.

Dentre diversos conceitos, destacam-se o Conceito Biologico de Espécie

(CBE) e o Conceito Filogenético de Espécie (CFE). Segundo Mayr (1942), o CBE
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define como espécie grupos de populacdes naturais, atual ou potencialmente
intercruzantes ¢ reprodutivamente isoladas de outros grupos, ou ainda, uma
comunidade reprodutiva de populagdes (reprodutivamente isolada de outras) que
ocupa um nicho especifico na natureza (Mayr 1988). O CFE, por sua vez, define
espécie como o menor grupo diagnosticavel de organismos individuais, entre os quais
ha um padrdo parental de ancestralidade e descendéncia (Cracraft 1983). As
diferentes propriedades que sdo destacadas em cada conceito, como por exemplo,
isolamento reprodutivo, monofilia reciproca e diagnosticabilidade, sdo certamente
importantes na separagdo das linhagens, embora ndo sejam uteis na detec¢do da
separagdo das linhagens nos estagios iniciais de divergéncia (de Queiroz 1998, 2007,
Aleixo 2007).

O problema atual do conceito de espécie esta diretamente ligado ao problema
de delimitacao de espécies (de Queiroz, 1998, 2005, 2007), ou seja, como determinar
os limites e os numeros de espécies a partir de dados empiricos. Nas tentativas
anteriores de se resolver o problema de conceitualizagdo, todos os conceitos de
espécies propostos enfatizaram as diferencas entre os conceitos conflitantes, ao invés
de buscar um denominador comum entre eles. Para de Queiroz (1998, 1999, 2005,
2007) os atuais conceitos de espécie possuem uma unidade conceitual comum
semelhante, que garante a base para um conceito de espécie unificado, uma vez que
todos eles consideram espécies como segmentos de linhagens evolutivas de niveis
populacionais.

Esse conceito mais geral, batizado por de Queiroz (1998) de Conceito Filético
Geral de Espécies (CFGE), leva em consideracdo o componente temporal do processo
de cladogénese que microevolutivamente culmina com a produgdo de espécies cujos
genomas ndo mais se misturam (de Queiroz, 2005, 2007; Aleixo, 2007). Na defini¢cdo
de espécie do CFGE, o sub-critério monofilia para determinacdo de limites inter-
especificos estd intimamente relacionado com a questdo do isolamento reprodutivo
(Aleixo, 2007). Em genética de populagdes, populagdes em divisdo durante o
processo de cladogénese evoluem de modo crescente da polifilia e parafilia para a
monofilia e a monofilia reciproca entre elas s6 ¢ atingida depois de muitas geracdes
apos a interrupgao do fluxo génico (Avise, 2000). Portanto, o isolamento reprodutivo
¢ conseqiiéncia (e ndo causa) do processo cladogenético (de Queiroz, 1999, 2007;
Aleixo, 2007) e considerar a especiagdo como um processo relativamente extenso € a

chave para a compreensao da proposta do Conceito Filético Geral de Espécie.
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Quando populagdes distintas sdo capazes de serem corretamente
diagnosticadas, todos os “conceitos” as reconhecem como entidades distintas. O que
muda apenas ¢ que no CBE, por exemplo, em alguns casos elas sdao denominadas de
subespécies, enquanto o CFE ja as considera como espécies (Aleixo, 2007). Assim,
independentemente da énfase dada por cada um dos ‘“conceitos”, eles constituem
unicamente critérios distintos e alternativos para a defini¢do de espécie dentro de um
mesmo conceito unificado de espécie (de Queiroz, 1998, 2007).

Outro termo que tem sido bastante debatido na ciéncia é o termo subespécie.
Na zoologia, a grande maioria dos autores que fazem uso desse termo se refere a
varidedades geograficas, ou seja, qualquer populacdo natural com alguma
diferenciagdo, mas que ainda nao seja suficientemente distinta das demais para ser
chamada de espécie ¢ denominada subespécie (Mayr, 1982). Contudo, ultimamente, a
validade do termo tem sido questionada por diversos autores (Mayr, 1982; Cracraft
1983; McKitrick & Zink 1988; Frost et al., 1992; Frost & Kluge 1994, Burbrink et al.,
2000, Zink, 2004). Mayr (1982) acredita que o termo subespécie ndo seja realmente
um conceito de biologia evolutiva, mas simplesmente facilite o trabalho didrio de um
curador de museu. Frost et. al., (1992) também acreditam que seja mais prudente
manter a nomenclatura subespecifica em museus até¢ que estudos futuros esclarecam
as relagdes reais dos grupos. Por outro lado, o termo foi bastante usado para designar
espécies incipientes, isto €, sub-linhagens isoladas que podem vir a se tornar espécies
distintas (Mayr, 1982; Burbrink et al., 2000), embora tal aplicacdo tenha sido criticada
por necessitar de um conhecimento inacessivel e prévio do futuro (Burbrink et al.,
2000).

Mais recentemente, Zink (2004) chamou atengdo para as andlises de DNA
mitocondrial que sdo capazes de elucidar as relagdes filogenéticas entre subespécies,
revelando se elas evoluiram de forma independente, se hé fluxo génico entre elas, ou
ainda se elas se encontram em um estagio intermedidrio de isolamento. Além disso,
pelas subespécies quase nunca serem unidades historicamente independentes e por
ndo representarem as entidades evolutivas existentes, o foco em subespécies pode
desviar os esfor¢os de conservacao (Zink, 2004; Aleixo, 2007). Conseqiientemente, o
termo subespécie ndo possui um significado taxondmico real se usado para designar

espécies incipientes ou grupos com caracteres escolhidos de forma arbitraria.

Sintese
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O presente trabalho teve como principais objetivos analisar as relagdes
filogenéticas do complexo Anolis chrysolepis, com base em seqiiéncias de DNA
mitocondrial (ND2) de todas as cinco subespécies atualmente reconhecidas,
considerando os taxos previamente demonstrados como mais relacionados a elas -
Anolis bombiceps, Anolis auratus, Anolis lineatus, Anolis meridionalis, Anolis
annectans e Anolis onca (Glor et al., 2001; Nicholson, 2002; Nicholson et al., 2005);
analisar a congruéncia entre os resultados moleculares e os dados morfoldgicos dos
grupos atualmente reconhecidos; e avaliar o status taxondmico das subespécies
atualmente reconhecidas.

Caracteres meristicos e morfométricos foram obtidos a partir da anélise de 274
espécimes provenientes de diversas colegdes herpetoldgicas nacionais e
internacionais. Para a andlise molecular, 39 amostras de tecidos foram seqiienciadas,
incluindo tecidos de todas as subespécies de Anolis chrysolepis e de taxons mais
relacionados a elas. Seqiiéncias de trabalhos anteriores depositadas no GenBank
também foram utilizadas.

Com base nos caracteres morfologicos e nas arvores de Maxima Parcimonia e
Maxima Verossimilhanga, elevamos as cinco subespécies do complexo Anolis
chrysolepis ao status de espécie, adotando o Conceito Filético Geral de Espécie (de
Queiroz, 1998). Cada espécie ¢ diagnosticada, destacando-se as diferencas entre as
espécies-irmas, e novos dados de distribuicao sdo apresentados.

Os métodos e os resultados encontrados durante o estudo sdo apresentados a
seguir de forma mais detalhada, em formato de artigo, em lingua inglesa. A

formatacdo segue aquela da revista Zootaxa.
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ABSTRACT

We used the mithocondrial gene (ND2) to estimate phylogenetic relationships among
the Anolis chrysolepis subspecies and the taxa previously hypothetized as related to
them. In addition, their morphology and taxonomy status were revisited in order to
confirm the congruence among the molecular and morphological datasets,
determining if morphologically defined taxa are valid species. Based on both datasets,
we present a revised taxonomy that incorporates this phylogenetic information,
elevating each Anolis chrysolepis subspecies to species status. Furthermore, we
provide new diagnosis for each one of them with comments about the main

morphological differences between the sister taxon and new distribution data.

Key words: Anolis, Amazon, Polychrotidae, molecular phylogeny, taxonomy

RESUMO

Utilizamos o gene mitocondrial ND2 para investigar as relagoes filogenéticas entre as
subespécies de Anolis chrysolepis e os taxons determinados em estudos anteriores
como mais proximos a elas. Além disso, a sua morfologia e o seu status taxonémico
foram revisados a fim de confirmar a congruéncia entre os dados morfologicos e
moleculares, determinando se os tdxons previamente reconhecidos morfologicamente
sdo espécies validas. Com base nos dois conjuntos de dados, apresentamos uma
revisdo taxondmica que incorpora a informacdo filogenética, elevando as cinco
subespécies de Anolis chrysolepis ao status de espécies. Assim, diagnosticamos cada
uma delas com comentarios sobre as principais diferengas morfoldgicas entre as

espécies irmas e fornecemos novos dados de distribuicao.

Palavras-chave: Anolis, Amazonia, Polychrotidae, filogenia molecular, taxonomia
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INTRODUCTION

The problem of species delimitation and conceptualization has long been confused
and for over the last fifty years many different species concepts have been proposed,
leading to endless debates about which concept should be adopted and why. Each
species concept focused on a different property acquired by lineages during the course
of divergence (e.g., intrinsic reproductive isolation, reciprocal monophyly,
diagnosability) but they all agree in treating species as a separately evolving
metapopulation lineage (de Queiroz, 1998, 1999, 2005, 2007). Based on the
assumption that an unified species concept can be achieved, once the contemporary
alternative species concepts exhibit a fundamental conceptual unity, de Queiroz
(1998) proposed the General Lineage Species Concept, advocating that the only
necessary property of species is considering them as (segments of) metapopulation
lineages and that the secondary properties are different lines of evidence relevant to
assessing lineage separation. This broader concept has several advantages, especially
because it takes into account the relative extensive process of diversification (Aleixo,
2007). In that context, new methods to test hypothesis of lineage separation based on
the coalescent theory, instead of traditional species criteria, have arisen (Knowles &
Castens, 2007) and will continue to arise once this unified concept propels biologists
to keep developing new methods of species delimitation.

Another problem that is far from getting solved is the subspecies issue. The validity of
the subspecies rank has received criticism for over 50 years (Mayr 1942, 1982; 1983;
McKitrick and Zink 1988; Frost and Kluge 1994, Burbrink et al, 2000; Zink, 2004).
The term designates geographical varieties, entities at a lower level than the species
(Mayr, 1982). It has been used to designate arbitrary classes of characters (Burbrink et
al, 2000) and incipient species, as isolated sublineages that may evolve into full
species (Mayr, 1942). However, these applications were criticized for requiring a
previous and unobtainable knowledge of the future (Burbrink et al, 2000) and for the
lack of real taxonomic meaning if subspecies are used to represent arbitrary classes.
Formal taxonomic names must have a consistent meaning, and the taxonomy of a
group should be consistent with its evolutionary history (Burbrink et al, 2000; Zink,
2004; Gamble et al, 2008). Nowadays, molecular systematic studies offer tests of the
significance of named subspecies and with mitochondrial DNA sequence variation is

possible to comprehend whether subspecies are evolving independently or if they are
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at some intermediate stage of isolation (Burbrink et al, 2000; Zink, 2004; Gamble et
al, 2008). These new molecular tools, associated with multiple morphological
characters, are extremely useful in recognizing the evolutionary history of a group and
the congruence among these both datasets is way more consistent than using just a
few arbitrary characters.

In this paper we examine the molecular phylogeny and morphology of Anolis
chrysolepis to determine if any of the five currently known subspecies represent
distinct evolutionary lineages. Members of Anolis chrysolepis species group are beta
(Etheridge, 1960) anoles of moderate size (up to 80 mm of snout-vent length) with
short heads, relatively narrow digital pads; dewlap short to moderate, not reaching the
axilla level, present in both sexes (smaller on females), and with large variation in
color among subspecies. The Anolis chrysolepis clade, along with Anolis bombiceps,
was the study case used by Vanzolini & Williams (1970) to formulate their
controversial Pleistocene Refuge Hyphotesis. They proposed a classification of four
subspecific taxa associated with four core areas, one of them a new subspecies, Anolis
chrysolepis brasiliensis, from Mato Grosso, Brazil. The authors believed that the
levels of differentiation were ‘closest to species difference, and indicative, perhaps,
of past and future potential species formation’’. The Anolis chrysolepis clade was also
examined by Avila-Pires (1995). Under the name Anolis nitens, Avila-Pires (1995)
described another subspecies Anolis n. tandai, from localities in the state of
Amazonas, between Borba and Estirdo do Equador, in Brazil, and pointed out about
Anolis chrysolepis brasiliensis, which inhabits open vegetation, while your
conspecifics are only found in forest vegetation.

Very little subsequent research has been conducted on the Anolis chrysolepis group.
The work of Glor et al. (2001) is the only study up to the present to propose a
phylogenetic analysis of mitochondrial DNA of Amazonian anole species (even
though some of these species have been included in broader studies, e.g. Nicholson et
al., 2005). Although Anolis chrysolepis were not the focus of the work, a substantial
molecular divergence in the chrysolepis complex was detected. According to Glor et
al. (2001), haplotype divergence within A. chrysolepis suggested that the species
would be older than 15 Myr, much more than the estimated ages of A. fuscoauratus (3
Myr), A. punctatus and A. ortonii (both 6-7 Myr), which also occupy the entire
Amazon basin. The authors concluded that “further study of geographical genetic
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interactions among these subspecies probably will reveal that they are distinct
species”.

Nicholson et. al (2005) tested the hypothesis that the mainland (Central and South
American) Anolis species descended from a West Indian Anolis ancestor and
recovered molecular phylognetic relationships among A. onca, A. annectans, A.
lineatus, A. auratus, A. meridionalis e A. chrysolepis, which formed a well supported
clade (bayesian posterior probabilities 90-100). These relationships were studied by
Nicholson et. al, (2006) to investigate the hypotheses of retrograde evolution of
reduction and loss of the subdigital pads in Anolis onca series. In this study, A.
annectans and A. onca formed a well supported clade both by parcimony and
bayesian analyses, however, the branching structure for the remaining interspecific
relationships were not well supported and were considered unresolved. Although A.
chrysolepis were not the focus of the work, the results did not recover the monophyly
of the group (considering three of the five known subspecies: A. C. scypheus, A. c.
tandai ¢ A. c. planiceps), but suggested that A. c. tandai should be more closely
related to A. meridionalis and to onca series, instead of the subspecies A. . scypheus

e A. c. planiceps.

Background Taxonomy

In addition to the lack of knowledge about the phylogenetic relationships among the
A. chysolepis complex, the nomenclature of the group has become confuse and both
A. nitens and A. chrysolepis have been used as valid names. The original description
of Draconura nitens Wagler (1830) is very brief and was based mainly in color
characters (see Myers & Donnely, 2008 for a translation of the description to English)
that could be assigned to several anole species. Moreover, the holotype is unknown
and the type locality “America” is not informative considering the whole distribution
of Anolis, which goes from southeastern United States, through Mexico, Central
America and Antilles to South America (Etheridge, 1960). A few years later, Duméril
& Bibron (1937) described Anolis chrysolepis from Mana, French Guiana. Boulenger
(1885), in his Catalogue of the Lizards in the British Museum, recognized both A.
nitens and A. chrysolepis as valid species (but identified all the fifteen specimens he
examined as Anolis chrysolepis). Vanzolini & Williams (1970) listed thirteen
available names, with Draconura nitens referred as the older, and adopted Anolis

chrysolepis judging nitens a name of uncertain application (nomen dubium)
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considering its poorly description. Hoogmoed (1973) followed the nomenclature
proposed by Vanzolini & Williams, but admitted that the International Comission on
Zoological Nomenclature (ICZN) should be consulted to suppress nitens, once
chrysolepis was more widely used. Savage & Guyer (1989) followed Vanzolini &
Williams (1970) and adopted chrysolepis as a valid species, but in 1991, the authors
changed their opinion alleging that nitens had more than 100 years of usage and the
Vanzolini & Williams proposal to discard nitens was contrary to the Code, causing
destabilization of a widely used name. Avila-Pires (1995) adopted nitens and
considered Anolis nitens nitens to correspond to Anolis chrysolepis planiceps as
proposed by Savage & Guyer (1991). Myers & Donnelly (2008) made a complete
revisiting of the nitens and chrysolepis issue. Considering that “no authors have
argued that Wagler’s (1830) description of nitens demonstrably applies to chrysolepis,
only that the name has priority and has been applied to that species”, they concluded
that “nitens is a nomen dubium and the Article 23.3.6 (ICZN, 1999) allows authors
who reject the synonymy to use the junior name chrysolepis as valid”. So, attempting
to solve this issue, Charles Myers submitted a proposal for suppression of nitens in
favor of chrysolepis to ICZN in December 2007.

In agreement with Vanzolini & Williams (1970) and Myers & Donnelly (2008),
considering that Anolis nitens is a nomen dubium and no decision has been published

by the ICZN until now, we adopt Anolis chrysolepis in the present work.

We analyzed mtDNA (ND2) and morphological data from all five described A.
chrysolepis subspecies and related taxa to complete the following objectives: first, to
recover the phylogenetic relationships among A. chysolepis subspecies and to test
previous phylogenetic hypotheses; second, to re-evaluate the species status of
described A. chrysolepis subspecies using the general lineage species concept (de
Queiroz 1998, 1999, 2005, 2007) and to present a revised taxonomy that incorporates

this phylogenetic information.

MATERIAL AND METHODS

Taxon sampling and DNA sequencing
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We sampled representatives of each of the five subspecies of Anolis chrysolepis
(Table 9) and downloaded GenBank sequences from species previously hypothesized
to be closely related to them, to be used as outgroups (Glor et al, 2001; Nicholson,
2002; Nicholson et al, 2005). Genomic DNA was extracted from muscle, liver or tail
clips using DNeasy Blood and Tissue Kit (Qiagen, Valencia, CA, USA). PCR was
used to amplify portions of the mithocondrial protein-coding ND2 (NADH
dehydrogenase subunit 2) gene and tRNA’s. We used primers LVT Metf.6  AnCr
(AAGCTATTGGGCCCATACCO) and LVT 5617 AnCr
(AAAGTGYTTGAGTTGCATTCA) (Rodriguez Robles et al. 2007) to amplify and
sequence the entire ND2 gene and adjacent tRNAs. PCR cleanup and DNA
sequencing was performed by Agencourt Bioscience (Beverly, MA). DNA sequence
fragments were edited and aligned using SEQUENCHER ver. 4.2 (Gene Codes, Ann
Arbor, MI, USA). All sequences were translated into amino acids using MacClade

ver. 4.08 (Maddison & Maddison, 1992) to confirm alignment and gap placement.

Phylogenetic analyses
We analyzed ND2 data using parsimony in PAUP ver. 4.0b10 (Swofford, 2001).

Parsimony analysis was conducted by performing a heuristic search with 1000
random taxon additions and tree bisection and reconnection (TBR) branch swapping
and all characters equally weighted. We conducted 1000 bootstrap replicates with 25
random additions per replicate to assess nodal support.

Mitochondrial DNA (mtDNA) has been widely used to recover species phylogenetic
relationships and to delimit species (Avise, 1998; Grau et al, 2005; Gamble et al,
2008; Fenwick et al, 2009) and because of its shorter coalescent times, it is considered
a good arbiter of population history and species limits (Avise, 2000; Zink and
Barrowclough 2008). The faster substitution rate of mitochondrial DNA (Hudson &
Turelli, 2003) though makes saturation, especially at third codon positions (Glor et
al., 2001), a possible problem for accurate phylogenetic reconstruction (Jukes, 1987;
Yoder et al, 1996). One way to minimize the effects of saturation is to use model-
based phylogenetic methods like maximum likelihood (Felsenstein 1978; Jukes, 1987;
Lartillot et al, 2007). Another is to use partitioned model-based analyses, with
separate models of molecular evolution for each gene or codon (Brandley et al. 2005;
Nylander et al. 2004). We conducted a partitioned Maximum Likelihood analysis,
with data partitioned by codon and a fourth partition for tRNAs, using RAXML ver.
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7.0.4 (Stamakis, 2006). GTR+GAMMA was the model selected for all partitions, with
25 Gamma rate categories, and excluded an additional model parameter for invariant
sites (Stamatakis, 2006). We conducted 1000 “fast boostrap” replicates and 10
separate maximum likelihood searches. Boostrap values > 70 were considered as
indicating strong support for both parsimony and ML analyses.

Based on the results shown on the best ML tree generated by RAXML 7.0.4, we
performed an Approximately Unbiased-AU test (Shimodaira, 2002) and a
Shimodaira-Hasegawa-SH test (Shimodaira & Hasegawa, 1999, 2001) to asses the
confidence of the phylogenetic ML tree selected and verify if there was significant
difference between our best ML tree and alternative constrained trees. We used
RAXxML7.0.4 (Stemakis, 2006) to compute the per—site log Likelihoods and then used
CONSEL (Shimodaira & Hasegawa, 2001) to calculate p-values for the SH and the
AU tests. These methods produce for each tree a number ranging from zero to one.
This number is the probability value or P-value, which represents the possibility that

the tree is the true tree. P-values <0,001 are considered significant.

Morphological analyses
We collected morphological and morphometric data from 264 specimens (Appendix

1) from the following zoological collections: CHUNB - Cole¢ao de Herpetologia da
Universidade de Brasilia and MPEG - Museu Paraense Emilio Goeldi, Brazil; MCZ —
Harvard Museum of Comparative Zoology and KU —University of Kansas, USA.
Measurements were made with digital calipers to the nearest 0.1 mm on the right side
of the body, except when the specimen was danified (in this case the left side was
used). Scale and measurements terminology follows Avila-Pires (1995).

The following data were obtained: MORPHOMETRIC — SVL (snout-vent length);
HEAD-W (head width); HEAD-H (head height); MOUTH (from tip of snout to
posterior margin of mouth); ORBDIST (minimum distance between orbits); EAR
(ear-opening diameter), NOSTRILS (minimum distance between nostrils); MTE
(mouth to ear, from anterior margin of ear-opening to posterior margin of mouth);
SNOUT (from tip of snout to anterior margin of orbit); INTERP (interparietal scale
length); TAIL (tail length, from cloaca to tip of tail); TIBIA (tibia length).
MERISTIC — MBODY (number of scales around midbody); PROSTRALS (number
of postrostral scales); SLAB (number of supralabial scales); ILAB (number of
infralabial scales); LOREALS (number of Iloreals under second canthal);
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CANTHALS (number of canthals); BET2CAN (number of scales between second
canthals); BETSEMICIR (minimum number of scales between supraorbital
semicircles); INTERPSEMI (minimum number of scales between interparietal scale
and supraorbital semicircles); PMENT (number of postmentals); LAM-D (number of
expanded lamellae under fourth finger); LAM-A (number of expanded lamellae under
forth toe).

In order to reduce the effect of size on the comparisons, a Principal Component
Analysis (PCA) was applied to the morphometric data, each character was regressed
on the PCA factor 1 value (interpreted as representing variation in size), and the
residuals of each regression were used as characters in the discriminant analysis
(Strauss, 1985; Reis et al, 1990). A Stepwise Discriminant Function Analysis (SDFA)
was then applied to verify whether the groups defined a priori could be discriminated
and which morphometric characters contributed most to the divergence among the
geographic groups (Tabanick & Fidel, 2001). Meristic data were analysed through a
SDFA independent from that applied to the morphometric data. As meristic data do
not vary with size, no previous PCA was performed with these data.

Data normality was tested before the statistical analyses were performed, and the log-
transformation of data was applied when the normal distribution wasn’t achieved. All
statistical analyses were performed in the software SYSTAT 12 for Windows (Systat
Software, San Jose, California, USA).

RESULTS

Phylogenetic analyses
We sequenced 1088 base pairs of the mitochondrial ND2 gene and adjacent tRNAs,

which consisted of 82 variable sites, 633 parsimony-informative and 373 constant
characters. Thirty-nine new mtDNA sequences from 34 localities are reported and
aligned with fourteen previously reported sequences.

Maximum-likelihood analysis produced a single tree (InL= -16649.1489) and
Parsimony analysis produced 54 equally most parsimonious trees TL=3832, Cl=
0.337683, RI=0.682552, RC =0.230486, HI=0.662317. The ML analysis, but not the
MP analysis, recovered a monophyletic Anolis chrysolepis complex, supported by
83% bootstrap. (Figures 1 and 2). Both analyses included in the A. chrysolepis
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complex the taxa A. bombiceps and Anolis meridionalis and recognized two major
clades - onecomposed by Anolis c. chrysolepis, Anolis c. tandai and Anolis
meridionalis, and another composed by Anolis c. brasiliensis, Anolis c. planiceps,
Anolis c. scypheus and Anolis bombiceps. The second clade is very similar in MP and
ML trees, with (A. bombiceps - A. c. scypheus) and (A. c. planicpes - A. c.
brasiliensis) as sister taxa. The first clade turns out different in MP and ML
phylogenies: Anolis c. tandai from Acre (ACT LSUMZ 13599 Acre) appears as the
sister taxon of the clade Anolis tandai - Anolis chrysolepis in MP tree (bootstrap =
100%) but appears as the sister taxon of Anolis chrysolepis in ML tree, with low
bootstrap support value (41%). In both analyses the clade composed by A. c.
chrysolepis and A. c. tandai is well supported (bootstrap = 100%) but the entire clade,
including Anolis meridionalis, is poorly supported (bootstrap = 59% ).

Both in MP and in ML, the clades formed by the populations of each subspecies are
monophyletic and strongly supported (bootstrap> 99%), indicating their independent
evolutionary history. Moreover, both analyses recovered the relationship among A.
bombiceps and A. scypheus as sister taxons, confirming the A. bombiceps placement

inside the A. chrysolepis species complex.

Considering the critical and doubtfull regions of the ML tree, we chose to test
different taxonomic hypothesis represented by three constrained trees: 1)
monophyletic Anolis chrysolepis group, excluding Anolis bombiceps and Anolis
meridionalis; 2) monophyletic A. chrysolepis group, excluding only Anolis
meridionalis; and 3) monophyletic Anolis tandai group, including LSUMZ 13599,
from Acre. Test 1 was significant, which means that excluding both A. bombiceps and
A. meridionalis resulted in a significantly worse tree. Tests 2 and 3 were not
significant, which means that our best ML tree was not significantly different than
these two hypotheses, so we can not reject these alternative trees. Since the only
difference between test 1 and test 2 was the placement of A. bombiceps, we can
assume that the significant result in test 1 is because of A. bombiceps. Consequently,
by these results, there is a great probability that A. bombiceps is nested within the A.
chrysolepis complex.

Morphological analyses
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In the meristic SDFA, the first three canonical discriminant functions accounted for
97% of the total variation (Wilks Lambda = 0.014; F-ratio = 51.366 df = 40, 959; p =
0.000) and correctly classified 96% of the individuals (figure 4, table 2 ). The first
canonical discriminant function was responsible for 63% of total variation, the second
for 22%, and the third for 13%. Characters that most contributed to discriminate the
specimens on the first function (tables 3 and 4) were number of canthals and number
of lamellaes under fourth finger (lama). These same characters were important on the
second function, along with number of infralabials (ilab) and loreals. Plot of functions
1 and 2 largely separate three groups — tandai-chrysolepis, scypheus-brasiliensis, and
planiceps. On the third function, minimum number of scales between second canthals
(scabetcan) and number of scales around midbody (mbody) were most important. Plot
of functions 1 and 3 separate most of scypheus and brasiliensis, while tandai and
chrysolepis are largely separated when functions 2 and 3 are plotted together. This
indicates that the five taxa are largely separated from each other in the three
dimensional space of functions 1-3.

The morphometric SDFA correctly classified 76% of the individuals (Wilks Lambda
= 0,118; F-ratio = 20,285 df = 36, 948; p = 0,000), a relatively low value; only A. C.
brasiliensis had a high percentage (90%) of correct identification (Figure 5, table 5).
The three first canonical discriminant functions accounted for 76% of the total
variation, of which the first was responsible for 69% of total dispersion, the second
for 22%, and the third for 6%. The morphometric characters that most contributed to
discriminate the specimens on the first function (tables 6 and 7) were the tibia length,
snout-vent length (svl), and mouth. Head width (headw), minimum distance between
orbits (orbdist), snout length and interparietal width (Interp) were important on the
second function, while head width (headw), snout length and ear-opening were
important on the third. In the first function, brasiliensis occupies the upper and most
isolated position of an apparent morphometric gradient between all taxa. A. C.
planiceps, on the other hand, is the most divergent taxon in function 2, while function

3 seems to partially separate scypheus.

Congruence among morphological and molecular analyses
The phylogenetic analyses based on molecular data recovered the existence of six

monophyletic lineages (excluding A. meridionalis) that can also be morphologically

distinguished, especially by meristic characters. Even though we cannot infer
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relationship between these taxa on basis of the meristic SDFA, the results of this
analysis are consistent with existence of two clades, one composed by A. c. tandai and
A. c. chrysolepis and another clade composed by A. c. brasiliensis, A. ¢. scypheus, and
A. c. planiceps. Separation by morphometric data was not very clear, except for
brasiliensis, but in agreement with the molecular and meristic results, these data also
showed chrysolepis and tandai to be the most similar taxa. In general, our results
show large congruence among molecular and morphological datasets and are
consistent with considering them independent evolutionary lineages. We therefore
elevate each subspecies to species status.

In order to facilitate future studies, each species, including A. bombiceps, is diagnosed

below and table 8 compares their main meristic and morphometric characters.

Taxonomy/Species accounts

The Anolis chrysolepis species group
These anoles are characterized by the moderate size (up to 80 mm snout-vent length),

short heads, supraorbital semicircles forming a pronounced ridge in most specimens;
relatively narrow digital pads, with distal lamellae under phalanx ii forming a slithly
prominent border; dewlap short to moderate, not reaching level of axilla, present in
both sexes but smaller in females; ventrals distinctly larger than dorsals, keeled,

imbricate.

Anolis chrysolepis Duméril & Bibron, 1837
Anolis chrysolepis Duméril & Bibron, 1837: 94 (lectotype MHNP 2456, type-localirty: La

Mana, French Guiana); Cunha, 1961:60.

Anolis chrysolepis chrysolepis; Vanzolini & Williams, 1970:85; Hoogmoed, 1973:112;
Hoogmoed & Avila-Pires, 1989:168.

Norops nitens chrysolepis; Savage & Guyer, 1991:366

Anolis nitens chrysolepis; Avila-Pires, 1995:75

Maximun SVL 74 mm. Vertebral scales distinctly enlarged along back, middorsal row
largest; number of rows of enlarged scales increases along posterior part of body.
Scales on upper arms smaller than to subequal to vertebral scales. Supraorbital
semicircles with scarcely enlarged scales. Supraocular scales keeled, slightly larger or

subequal to scales on snout, grading into granules lateraly and posteriorly.
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Interparietal subequal to or slightly larger than adjacent scales. Postrostrals 4-7,
loreals 5-10, canthals 6-9, 9-14 scales between the second canthals, 1-3 scales
between supraorbital semicircles, 1-5 scales between supraorbital semicircles and
interparietal scale. Sexual dimorphism in color pattern. In preservative, male dorsal
color usually pale or grayish-brown. A wide light vertebral band may be present
bordered by a grayish-brown irregular band on both sides. Paired triangular spots may
be present along back, and most specimens have a pair of triangular spots on sacral
region. Dewlap skin royal blue, dark blue or blackish, with light scales or blue scales
toward the rim. Female dorsal pattern is usually less variable. A dark brown thin line
begins at posterior corner of each eye, converging toward neck in direction to
vertebral region and tail. These lines delimit a lighter vertebral band that darkens on
tail and expands to cover all it extension. Female dewlap cream, with no distinction
from the color of surrounding area, and toward the rim scales may be darker.
Comparison with other species of the group: This species has the proportionally
smallest interparietal width, fourth toe width and foot size among the species of the
group. It differs from its sister taxa Anolis tandai mainly by having a lower number of
postrostral scales (4-7 in chrysolepis and 6-9 in tandai) and by the female dewlap
color, generally cream in chrysolepis, cream with a large central blue spot in tandali
(figure 6).

Distribution: Southern Guyana, Suriname, French Guiana and northern Brazil, in the

states of Amapa and Para.

Anolis tandai Avila-Pires, 1995
Anolis chrysolepis; Gascon & Pereira, 1993:181.

Anolis nitens tandai Avila-Pires, 1995:80 (holotype MPEG 15850, type-localirty: Rio Urucu,
Amazonas state, Brazil); Santos-Jr et. al, 2007:9

Diagnosis: Maximun SVL 70 mm. Vertebral scales slightly enlarged along back, with
numbers of enlarged rows increasing posteriad. Scales on upper arms small or
subequal to vertebral scales. Supraorbital semicircles with scarcely enlarged scales,
supraocular scales almost the same size of scales on the snout, with no specific group
of enlarged scales, laterally grading into granules. Interparietal moderately small, but
larger than adjacent scales. Postrostrals 6-9, loreals 7-9, 6-10 canthals, 10-15 scales

between the second canthals, 1-4 scales between supraorbital semicircles, 2-4 scales
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between supraorbital semicircles and interparietal scale. Sexual dimorphism in color
pattern. Males usually have the vertebral region distinct from flanks, but with unclear
limits between them. A pair of subtriangular darker spots is present on sacral region.
May also present sinuous lines, which in some specimens can assume subtriangular
forms along back. Male dewlap royal blue or blackish-blue, with light scales, similar
to Anolis chrysolepis male’s dewlap. Females usually have a well delimited vertebral
band, and show a very similar dorsal pattern of Anolis chrysolepis females.
Sometimes, may show a dorsal pattern very similar to male’s pattern. The female’s
dewlap shows a central blue spot, surrounded by a light area, with no distinction
between the adjacent areas, scales usually light (figure 6).

Comparison with other species of the group: As already mentioned by Avila-Pires
(1995), this species has the longest tibia in relation to SVL (0.30-0.41). For
differences with Anolis chrysolepis, see above. Avila-Pires (1995) also mentioned the
possible sympatry with A. bombiceps, which also has a blue or blackish blue dewlap
(with no sexual dimorphism), but they can be distinguished by female dewlap color (a
central blue spot, surrounded by a pale area in A. tandai), by the number of loreals (4-
7 in A. bombiceps and 7-9 in A. tandai), by the minimum number of scales between
supraorbital semicircles (1-4 in A. tandai and 1-2 in A. bombiceps) and by the number
of postmentals (4-8 in A. tandai and 6-7 in A. bombiceps).

Distribution: Brazil south of the Amazon River, in the states of Para (west of Tapajos

River), Amazonas, Rondonia and Acre.

Anolis planiceps Troschel, 1848
Anolis planiceps Troschel, 1848:649 (holotype ZMB 529, type-localirty: Caracas,

Venezuela).

Anolis chrysolepis planiceps; Vanzolini & Williams, 1970:85; Hoogmoed, 1973:125;
Vanzolini, 1986:3; Myers & Donnelly, 2008:100

Anolis chrysolepis; Beebe, 1944: 97; O’Shea, 1989: 69; Zimmerman & Rodrigues, 1990: 449;
Martins, 1991: 182.

Anolis nitens: Boulanger, 1885:91; Beebe, 1944:200; Peters & Donoso Barros, 1970:61.
Norops nitens nitens Savage & Guyer, 1991:366

Anolis nitens nitens Avila-Pires, 1995:70; Vitt et al., 2008: 84.

Diagnosis: Maximun SVL 76 mm. A double row of enlarged vertebral scales from

nape to base of tail; along back, a few to several rows of weakly keeled scales,
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increasing in number posteriorly form a gradual transition between the double row of
enlarged scales and the granules on flanks. Scales on upper arms markedly larger than
vertebral scales. Supraorbital semicircles with enlarged scales, forming a pronounced
ridge in some specimens. Supraocular region with a distinct group of enlarged scales,
weakly keeled, surrounded in all their extension by smaller scales. Interparietal
distinctly larger than adjacent scales. Postrostrals 4-7, lorelas 6-9, 6-8 canthals, 8-14
scales between the second canthals, 1-3 scales between supraorbital semicircles, 1-3
scales between supraorbital semicircles and interparietal scale. There is no distinction
between male and female color pattern. Usually, the specimens show many “V”-shape
lines along back, directed to tail. A pair of triangular spots on sacral region is
commonly present. Dewlap frequently red but as it vanishes very fast in preserved
specimens, it usually appears in them as pale white, with light scales. (figure 7). But
Myers and Donnelly (2008) described the color pattern of two adult males and one
adult female as “orange with white or grayish white scales in basal rows, scales darker
grey or blackish gray in distal rows.” They also found variation in four juvenile
dewlaps, including a female that had “a large bluish black basal spot on the dewlap,
which had a bright orange periphery and mostly white scales (only a few dark scales)”
Comparison with the other species of the group: This species has the longest toe
IV, foot size, and tail in relation to svl, and the proportionately largest interparietal
scale. It differs from Anolis brasiliensis mainly by dewlap color (usually red in A.
planiceps and blue or grayish/blackish blue in A. brasiliensis) and body size (A.
planiceps reaches 76 mm, while A. brasiliensis reaches 69 mm).

Distribution: Venezuela, Trinidad, Guyana and the states of Roraima and Amazonas,

on the Northern part of Brazil.

Anolis brasiliensis Vanzolini & Williams, 1970
Anolis chrysolepis; Amaral, 1937: 1722

Anolis chrysolepis brasiliensis Vanzolini & Williams, 1970:85 (holotype MUZUSP 10319,
type-locality Barra do Tapirapés, Mato Grosso, Brazil); Williams & Vanzolini, 1980:99;
Cunha et al, 1985:23; Vanzolini, 1986:3.

Norops nitens brasiliensis: Savage & Guyer, 1991:366

Anolis nitens brasiliensis: Avila-Pires, 1995:70

Diagnosis: Maximun SVL 69 mm. A double row of enlarged vertebral scales from

nape to base of tail; along back a few to several rows of weakly keeled scales,
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increasing in number posteriorlly form a gradual transition between the double row of
enlarged scales and the granules on flanks. Scales on upper arms markedly larger than
vertebral scales. Scales on snout from moderately keeled to smooth, very
heterogeneous in size, with no distinction between the anterior and posterior ones.
Supraorbital semicircles with enlarged, generally smooth scales. Supraocular region
with most scales large and weakly keeled, surrounded by small scales. Interparietal
distinctly larger than adjacent scales. Postrostrals 5-7, lorelas 6-10, 5-8 canthals, 8-14
scales between the second canthals, 0-3 scales between supraorbital semicircles, 1-4
scales between supraorbital semicircles and interparietal scale. Dorsal color grayish-
brown or pale white, either uniform or not. A light vertebral band may be present,
either narrow with undefined margins or wide, in both cases surrounded by a darker
area. A pair of triangular spots on sacral region is commonly present, and may be
accompanied by a second pair at the base of tail. Ventral region usually pale-white,
but it can be marbled with darker spots. Dewlap colour blue or grayish-blue with light
or grayish scales. (figure 8). No sexual dimorphism in colour pattern was observed.
Comparison with the other species of the group: This species presents the
proportionaly widest IV toe and longest snout. For differences between A. brasiliensis
and A. planiceps see Anolis planiceps above.

Distribution: Brazil, in southern Para, Tocantins, Piaui, Maranhdo, Goias, Minas
Gerais and Distrito Federal. There are two individuals housed in MCZ under the
numbers R-60580 and R-60581 and labeled as paratypes of A. c. brasiliensis but
having as localities Rio Jurua, Brazil, and Loreto, Peru, respectively. Vanzolini &
Williams (1970) didn’t mention those individuals and even though they have all the
brasiliensis characteristics, we decided not to include them on morphological analyses

for considering their localities doubtful.

Anolis scypheus Cope, 1864
Anolis chrysolepis; Guichenot, 1855:15

Anolis scypheus; Cope, 1864: 172 (holotype BM 1946.8.855, type-locality: “Caracas”
according to Boulenger but considered an error by Vanzolini & Williams, 1970:85);
Boulenger, 1885:90; Goeldi, 1902:16, 32; Cunha, 1961:67; Peters & Donoso-Barros,
1970:66;

Anolis incompertus incompertus; Barbour 1932:99 (holotype R-32309, type locality:

Villavicencio, Meta, Colombia)
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Anolis chrysolepis scypheus: Vanzolini & Williams, 1970:85; Vanzolini, 1986:3
Norops nitens scypheus: Savage & Guyer, 1991:366
Anolis nitens scypheus; Avila-Pires, 1995:78

Diagnosis: Maximun SVL 80 mm. Vertebral scales forming a weakly double row
along back. Scales on upper arms relatively small when compared to the other
species, but still larger than vertebral scales. Scales on snout relatively small, with
raised surface. Supraorbital semicircles with enlarged scales, generally forming a
pronounced ridge. A small group of enlarged supraocular scales, grading into granules
posteriorly and laterally, anteriorly surrounded by smaller scales. Interparietal
distinctly larger than surrounded scales. Postrostrals 5-7, loreals 7-10, canthals 6-9, 9-
15 scales between the second canthals, 1-5 scales between supraorbital semicircles, 2-
5 scales between supraorbital semicircles and interparietal scale. No sexual
dimorphism in color pattern. This species frequently show the “V” shape lines
directed to tail along the back, very similar to the ones described for A. planiceps. A
broad band with lateral expansions (narrower at the nape and extending toward tail)
may be present as well as vertebral ornamentations along the dorsal region. A pair of
subtriangular darker spots may be present on sacral region. Dewlap color red along
rim (it can be pale white in some specimens), with red or blackish scales, and blue
with light scales in the center (figure 7).

Comparison with the other species of the group: This species presents the
maximum relative values of head width and height, ear-diameter, and distance
between nostrils. For differences among A. bombiceps, see A. bombiceps diagnosis
below.

Distribution: Amazonian Colombia, Ecuador, Peru, and the northwestern part of

Amazonas state in Brazil.

Anolis bombiceps Cope, 1876
Anolis bombiceps Cope, 1876: 168 (type apparently lost, type-locality: Nauta, Peru); Goeldi,

1902:16, 32; Peters & Donoso-Barros, 1970: 49; Vanzolini & Williams, 1970: 86; Vanzolini,
1970: 38; Dixon & Soine, 1975: 25, 1986:28; Avila-Pires, 1995: 54.
Norops bombiceps; Savage & Guyer, 1989: 110.

Diagnosis: Maximun SVL 74 mm. Vertebral scales not or only slightly enlarged, not

forming a double row of enlarged dorsals. Scales on upper arm subequal to or slightly
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larger than vertebral scales. Scales on snout anteriorly small, weakly to distinctly
keeled, posteriorly larger, flat, usually uni or multicarinate. Supraorbital semicircles
with enlarged, flat scales. Supraocular region with a group of distintly enlarged scales
surrounded posteriorly and laterally by granules. Interparietal scale distinctly larger
than adjacent scales. Postrostrals 5-9; loreals 4-7, minimum number of scales between
the second canthals 8-13; minimum number of scales between supraorbital
semicircles 1-2; minimum number of scales between the supraorbital semicirlcles and
interparietal scale 1-3, postmentals 6-7. Color dorsal pattern usually brown, with
irregular dark spots between hind limbs and irregular figures across the limbs. V-
shaped lines along back, with apex directed posteriorly may be present. Vanzolini &
Williams (1970) mentined the presence of white spots laterally on head, usually on
mouth. Dewlap deep blue or blackish, with light or dark scales. No sexual
dimorphism evident.

Comparisons with the other species of the group: A. bombiceps is sympatric with
A. scypheus and may be sympatric with A. tandai, of which it can be distinguished by
dewlap color (deep blue or blackish in A. bombiceps, blue on central region and red
along rim in A. scypheus, and blue on central region and cream along rim on females
of A. tandai), number of loreals (4-7 in A. bombiceps, 7-9 in A. tandai and 7-10 in A.
scypheus), number of scales between the second canthals (8-13 in A. bombiceps, 10-
15 in A. tandai and 9-15 in A. scypheus), number of scales between supraorbital
semicircles (1-2 in A. bombiceps, 1-4 in A. tandai and 1-5 in A. scypheus) and
postmentals (6-7 in A. bombiceps; 4-8 in A. tandai and 4-7 in A. scypheus).
Distribution: According to Peters & Donoso-Barros, Vanzolini & Williams, 1970
and Avila-Pires, 1995, the species occurs on Amazonian Colombia, Ecuador and
Peru, and in the State of Amazonas, Brazil. The species have been reported by
Vanzolini & Williams in the Brazilian locality “Igarapé Belém”, in Amazonas state,
and in the Colombian locality “Leticia”. In this study, we reported A. bombiceps in
two Brazilian localities, both in Amazonas state: Apui, very close to the Colombian
border, and Sao Gabriel da Cachoeira, close to the borders of Colombia and

Venezuela.
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DISCUSSION
The phylogenetic hypothesis recovered in the present work identified six independent

lineages within the Anolis chrysolepis complex (not including A. meridonalis).
Lineages, in the sense described by de Queiroz (1998), are series of entities that form
a single line of direct ancestry and descent, and, despite clades, lineages can be
paraphyletic or even polyphyletic in terms of their lower level components.
Taxonomy and phylogeny must be congruent and reflect the evolutionary history of a
group. The congruence among our molecular and morphological data allowed us to
elevate each of the five Anolis chrysolepis subspecies to species status, considering
that each one of them plus Anolis bombiceps form the Anolis chrysolepis species
complex.

Our results show no intergradation between the species. All of them are identifiable to
one of the recognized species, despite what Vanzolini and Williams stated in 1970.
The groups defined by molecular analysis can be morphologically distinguished,
regardless of differences between populations in each species.

The large character overlap among these species was also demonstrated by Avila-
Pires (1995). She also observed the similarity between A. tandai and A. chrysolepis.
These two taxa appeared as the most similar in all analyses. In spite of that, they were
recovered as separate clades in the molecular analyses, most specimens of each
species could be correctly identified by meristic characters, and they also differ in
female dewlap color. Finally, they are separated geographically. All this points
inequivocally attest that they form distinct lineages.

The A. tandai population from Acre fits the A. tandai diagnose we present in this
study. The apparent paraphyly of Anolis tandai may be the result of phylogenetic
error (see topology tests) or incomplete lineage sorting. Incomplete lineage sorting
can result in discordance between individual gene trees and the species tree due to the
retention and/or sorting of ancestral polymorphisms, particularly when populations
have diverged recently and have large effective population size (Ballard & Whithlock,
2004; Maddison, 1997; Maddison & Knowles, 2006). Further studies on population
genetics and divergence time among Anolis tandai populations should clarify their
relationships.

Both MP and ML analyses recovered Anolis meridionalis within the Anolis
chrysolepis complex. This species is sympatric to Anolis brasiliensis, being a typical

inhabitant of open formations densely covered by grass, while A. brasiliensis inhabits
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dry and gallery forest, including igap0, in the Brazilian Cerrado (Mesquita et al, 2006;
Vitt et al, 2008). The relationship of A. meridionalis with species of the group A.
chrysolepis was previously reported by Nicholson et. al, (2005 and 2006). Even
though the branching structure and relationships of the group formed by A. onca, A.
annectans, A. lineatus, A. auratus, A. meridonalis and A. chrysolepis were not clearly
resolved, the proximity of A. meridionalis and A. tandai was also observed
(Nicholson et al. 2006). But considering morphological characters, Vanzolini &
Williams (1970) compared Anolis meridionalis with Anolis chrysolepis species group
and concluded that they were “not at all close to each other” and therefore they did
not consider A. meridionalis as part of the A. chrysolepis group. Indeed, in A.
meridionalis digital dilatations on phalanx ii and iii are continuous with the scales
under phalanx i, while in species of the A. chrysolepis group the distal lamellae under
phalanx ii forms a slithly prominent border. Certainly, Anolis meridionalis share
several genetic characteristics with the Anolis chrysolepis species, but its position as
sister taxa of the clade formed by Anolis chrysolepis and Anolis tandai was not well
supported and may represent a phylogenetic inference error. Until additional analyses
are performed with a larger A. meridionalis sample, we adopt the view that it could be

part of the A. chrysolepis species group.
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Appendix 1:

Specimens analyzed (number of specimens of each species in parenthesis)

Anolis chrysolepis (44) SURINAM: Tafelberg Nature Reserve (MCZ 154861),
SARAMACCA 1km from Coppename River (MCZ 155217). FRENCH GUIANA:
SOPHIE trail S.from St. Elie gold pits (MCZ 77548), lower Matarony River, tributary
of Approague River (MCZ 118644, 118641, 110388), SAUL (MCZ 146767), Guiana
Francesa (MPEG 15829, 15845), BRITISH GUIANA: Onora (MCZ 63350),
Shudikar-won (MCZ 65349), BRAZIL: AMAPA: Porto Platon (MCZ 85010), Serra
do Navio (MCZ 79146, 85009; MPEG 19676, 19678, 19679, 19680, 19681, 19682,
19683, 19685, 19686, 19687, 19688, 19690), Mazagao (CHUNB 56761), Laranjal do
Jari (CHUNB 56767), PARA: Oriximind (MPEG 27114, 24216, 27217, 24218),
Oriximina, Serra do Acari (MPEG 26573, 27374, 27375, 27376, 27377, 26587,
26578), Porto Trombetas, Oriximind (MPEG 26864), Faro, Flota Faro (MPEG 26593,
26597).

Anolis planiceps (71) VENEZUELA: Venezuela Portuguesa (MCZ 176492,
176491, 176493, 176494, 176495, 176496) Environs of Agua Blanca, Acarigua
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(MCZ 123708), Puerto la Cruz, Distrito Federal (MCZ 48782), Pto Ayacucho,
Amazonas state (MCZ 58328), Sucre, Cunamacoa, San Rafael (MCZ 48781),
ARAGUA: Palsamencho Parque, HPittier between Portochuelo and Ocumare (MCZ
101817), Hacienda San Esteban, North of Puerto Cabello (MCZ 107688), DISTRITO
ACOSTA: Pauji, Falcon (MCZ 49035, 48723, 49037, 48725, 48724, 49036), Riecito,
Falcon (MCZ 49050), CARABOBO: Goaiguaza, Miquija, (MCZ 121759, 121758,
121762, 121760, 121757), Las Quiguas,Municipio Salon (MCZ 121753, 81302),
Guatapo (MCZ 100438), Ayacucho (MCZ 84073), Peninsula of Paria, Yacua (MCZ
43856, 43860 43857, 43858), Arabupu, Mt. Roraima (MCZ 34868). TRINIDAD:
Nariva Swamp, Cascadoux Trace (MCZ 60800), Huevas Id. (MCZ 100119), Toco
(MCZ 10746, 10747), La Seiva (MCZ 8998, 8999, 9000), Chacachacare (MCZ
100118), Maruga (MCZ 31495), PALMISTE: 3km S. San Feinando (MCZ 85011,
85012, 85013, 85014, 85015, 85016, 85017, 85018, 100120, 100121, 100122, 81303,
81304, 81501, 85474, 85475, 85473). BRAZIL: AMAZONAS: Serra da Neblina
(MCZ 86763), Reserva Ducke, Manaus (MCZ 92682), Camp Gavido, approx. 100
Km. North of Manaus (MCZ 168987). GUYANA: Kamakusa (MCZ 65352), Dawa
(MCZ 123745), Kaburi, 30miles from Bartica (MCZ 81306), Mazaruni River (MCZ
39690).

Anolys scypheus (39) PERU: LORETO (KU 222147), Rio Pacaya,Cahuana (MCZ
160775), GALICIA: West bank Rio Tapiche (MCZ 157245), AMAZONAS: Mouth
of R.Santiago Maranon (MCZ 57371), PAMPA HERMOSA: near mouth Cushcbatey
River (MCZ 57369, 57373, 57372), UCAYALI VALLEY: River Tamaya (MCZ
57374 ), MADRE DE DIOS: Cocha Cashu, NW of mouth of Rio Manu (MCZ
178177) ECUADOR: NAPO: Trail from Laguna Taracoa, S.bank Rio Napo, 30km
down river from Coca (MCZ 154571), Hacienda '"Primavera'N bank Rio Napo 30km
from Coca (MCZ 92612, 154567, 154568), Santa Cecilia (MCZ 92601, 92602,
92603, 92604, 92605, 92608), Santa Cecilia, Rio Agvaratis (MCZ 100010), Limon
Cocha (MCZ 156822, 85098, 85099, 85100, 85101, 92610, 92611, 92612),
Prov.S.side of Rio Napo, 6.5km ESE of Puerto Misahualli, at La Cruz Blanca on
ASuarez's land (171889), RIOBAMBA (MCZ 29290). COLOMBIA:
VILLAVICENCIO: San Martin (MCZ 32309, 32310, 32312, 32313, 32314, 32315,
32317).
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Anolis tandai (34) BRAZIL: RONDONIA: Espigio do Oeste (MPEG 21479,
21483, 21488, 21899), AMAZONAS: Estirdo do Equador (MPEG 901), Rio Urucu
(MPEG 15850), Benjamin Constant (MPEG 15933, 15938, 15949, 15986, 15987,
15995), Madeireira Sheffer, Rio Ituxi (MPEG 20372, 20473, 20474), Careiro da
varzea, estrada para Altazes (MPEG 18918, 18920, 18928, 18931, 18934, 18935),
ACRE: Rio Jurua, Aprox. 30 Km of porto Walter (MPEG 20655, 20656, 20658,
20659, 20662, 20663, 20665), PARA: Parque nacional da Amazonia, Itaituba (MPEG
21986, 21987, 21988, 21989, 21990, 21991).

Anolis brasiliensis (98) BRAZIL: MATO GROSSO: Barra do Tapirapés (MCZ
08284, 98285, 98286, 98287, 98288, 98289), Porto Alegre do Norte (CHUNB
47842), TOCANTINS: Caseara (CHUNB 44989, 44992, 44499, 45000, 45009,
45036, 45028, 45026, 45022, 45030), Pium (CHUNB 24754, 24756), Palmas
(CHUNB 25082, 24216, 11521, 11522, 24215, 16947, 25092, 11520, 24262, 15230,
16142, 16948), Peixe (CHUNB 52471, 52472, 52474), Porto Alegre do Tocantins
(CHUNB 38918), Porto Nacional (CHUNB 47741, 47742, 47740), Mateiros
(CHUNB 27161, 27158, 27162). GOIAS: Sio Domingos (CHUNB 35282, 35257,
35288, 35319, 35285, 35314, 43823, 35315, 35311, 35258, 43824, 43832, 33020),
Minagu (CHUNB 11019, 11021, 10967, 10983, 49706, 48617, 10987, 49703, 10986,
10970, 10999, 08655, 29309), Colinas do Sul (CHUNB 50396, 50393, 50395,
44694), Valparaiso (CHUNB 08556, 08555), Luziania (CHUNB 47427, 43408,
40865, 43407, 47426), Trés Ranchos (CHUNB 44740), Goiania (CHUNB 57318),
MINAS GERAIS: Unai (CHUNB 30888, 32873, 32867, 36287), DISTRITO
FEDERAL: Brasilia (CHUNB 49614), PIAUI: Ribeiro Golgalves (CHUNB 57028),
MARANHAO: Carolina (CHUNB 51972, 51973, 51974, 51975), PARA: Novo
Progresso (CHUNB 34542), Parauapebas (CHUNB 08855, 11132), Itaituba,
Jacareacanga (CHUNB 56398).

Anolis meridionalis (9) BRAZIL: MINAS GERAIS: Poracatu (CHUNB 26140,
26146), Buritizeiros (CHUNB 44522). RONDONIA: Vilhena (CHUNB 11715),
TOCANTINS: Palmas (CHUNB 12022, 12026), GOIAS: Luziania (CHUNB 43404,
43405), DISTRITO FEDERAL.: Brasilia (CHUNB 43282).
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Anolis bombiceps (4) PERU: LORETO: N.A. 1.5 Km N Teniente Lopez, 310 (KU
222145). COLOMBIA: 6 km NW of Leticia (MCZ R-112267). BRAZIL:
AMAZONAS: Apui (CHUNB 38340); Missao Taraqué, Rio Uapés, Sao Gabriel da
Cachoeira (MPEG 17819).

Anolis onca (1) VENEZUELA: FALCON:Rio Seco on Caribean sea, between
Urumaco e Coro (MCZ R-132736).

Anolis lineatus (1) NETHERLANDS ANTILLES: CURACAO: Cos Cora (MCZ
R-83027).

Anolis sagrei sagrei (1) JAMAICA: West moreland Savanna La Mar (MCZ R-
161754).

Anolis auratus (1) COLOMBIA: Pozo Colorado,l1km W.Santa Maria (MCZ R-
104546).

Figures
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A. carofinensis

A. uniformis
A. crassulus

A. fuscoauratus
] A. ortonii

A. laeviventris
_+—¢j A. sericeus

A. isthmicus

A. sagrei

A. utilensis
A. loveridgei
A. grahami

A. auratus
.|

A. onca
S

. annectens

A. lineatus

A. meriodionalis
I MPEG22285 ltaituba, PA
MPEG25029 Juruti, PA
LSUMZ 14098 Rio ltuxi, AM
MPEG25060 Coari, AM
LSUMZ16398 Rio Solimoes, AM

L LSUMZ 16474 Rio Solimoes, AM

MPEG_26568 Faro, PA
MPEG_26563 Acari, RN
BPN780 Suriname

BPN1587 French Guiana
BPN1979 French Guiana
BPN1874 French Guiana
A. bombiceps
LSUMZ12592 Ecuador
LSUMZ12543 Ecuador

KU222147 Peru

CHUNB45077 Caseara, TO
CHUNB45075 Minacu, GO
CHUNBO8842 Paraupebas, PA
CHUNB43282 Brasilia, DF
CHUNB34542 Novo Progresso, PA
® Bootstrap > 70 CHUNB.27158 Mateiros, TO
CHUNB11521 Palmas, TO
— CHUNB_37528 Sao Domingo, GO
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CHUNB52471 Peixe, TO

GRC16378 Alto Paraiso, GO

Figure 1: Partitioned Maximum Likelihood Phylogeny of Anolis chrysolepis species

group and outgroups.
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Figure 2: Maximum Parcimony Phylogeny of Anolis chrysolepis species group and

outgroups. Numbers above nodes indicates bootstrap values.
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Figure 3: Distribution of material examined of Anolis chrysolepis species group

(excluding A. bombiceps).
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Figure 4: Canonical scores plot of Stepwise Discriminant Function Analyses of
meristic characters from Anolis chrysolepis species group. The first three factors were

responsible for 97% of the variation.
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Figure 5: Canonical scores plot of Stepwise Discriminant Function Analyses of
morphometry from Anolis chrysolepis species group. The first three factors were

responsible for 97% of the variation.
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Figure 6: Anolis chrysolepis species group. a) Anolis chrysolepis female from Nassau
Plateau, Surinam (Robert Langstrogth), b) Anolis chrysolepis male from Nassau
Plateau, Surinam (Waldima Rocha), c¢) Anolis tandai female from Rio Jurua, Acre

(Laurie J. Vitt), d) Anolis tandai male from Rio Jurua, Acre, Brazil (Laurie J. Vitt), e)

Anolis tandai female from Amazonas, Brazil (Laurie J. Vitt), f) Anolis tandai male

from Amazonas, Brazil (Laurie J. Vitt).




Figure 7: Anolis chrysolepis species group. a) Anolis planiceps from Roraima, Brazil

(Laurie J. Vitt), b) Anolis planiceps from Guatopo, Venezuela (Laurie J. Vitt), ¢)
Anolis planiceps from Roraima, Brazil (Laurie J. Vitt), d) Anolis scypheus from
Ecuador (Laurie J. Vitt), ¢) Anolis scypheus from Ecuador (Laurie J. Vitt), f) Anolis
scypheus from Ecuador (Laurie J. Vitt).
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Figure 8: Anolis chrysolepis species group. a) Anolis brasiliensis from Cantio,

Tocantins, Brazil (Laurie J. Vitt), b) Anolis brasiliensis from Cantdo, Tocantins,

Brazil (Laurie J. Vitt), ¢) Anolis brasiliensis from Jalapdo, Tocantins, Brazil (Laurie J.

Vitt), d) Anolis brasiliensis from Tocantins, Brazil (Itamar Tonial), ¢) Anolis
bombiceps (Young Cage), f) Anolis meridionalis from Tocantins, Brazil (Itamar
Tonial).




Tables

Table 1: Comparisons of tree scores and P values of SH and AU tests between out

best ML tree and the constrained trees.

Hypothesis -InL difference -InL SH test (P value) AU test (P value)

Optimal tree -16900,3198 n/a n/a

n/a

Monophyletic A.

chrysolepis group

(excluding A. -16963,9620 -63,6423 <0,001
bombiceps and A.

meridionalis)

<0,001

Monophyletic A.

chrysolepis group +

A. bombiceps -16900,9392 -0,6194 0,867
(excluding only A.

meridionalis)

0,571

Monophyletic A.
tandai (including the -16903,4524 -3,1326 0,726

Acre population)

0,420

Table 2: Classification matrix of Stepwise Discriminant Function Analyses of scale

countings for Anolis chrysolepis species group.

Anolis Anolis Anolis Anolis Anolis

brasiliensis chrysolepis  scypheus  tandai  planiceps Yocorrect

Anolis
brasiliensis % 0 ! 0 2 o7
Anolis chrysolepis 1 26 0 2 0 90
Anolis scypheus 1 0 35 0 1 95
Anolis tandai 0 1 0 33 0 97
Anolis planiceps 2 1 0 0 69 96
Total 99 28 36 35 72 96
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Table 3: Stepping Sumary of Stepwise Discriminant Function Analyses of meristic

characters for Anolis chrysolepis species group, showing the most important

characters in separating the species, following the order they were sorted.

F(+ent,-rem) Wilks's Lambda Approx. F-ratio  p-value
CANTHALS 277,692 0,193 277,692 0
LAMA 86,823 0,083 162,832 0
SCABETCAN 60,633 0,043 132,052 0
PROS 21,956 0,032 104,95 0
MBODY 15,58 0,026 86,586 0
SCABETSEMI 12,542 0,022 75,542 0
ILAB 9,366 0,019 66,613 0
LAMD 9,015 0,017 61,256 0
LOREAL 8,055 0,015 55,524 0
INTERPSEMI 5,281 0,014 51,343 0

Table 4: Canonical discriminant functions of Stepwise Discriminant Function

Analyses of meristic characters for Anolis chrysolepis species group.

1 2 3 4

SLAB . . . .
ILAB 0,053 0,478 0,106 0,089
PROS 0,079 -0,305 -0,075 -0,892
LOREAL -0,019 -0,417 0,064 0,152
CANTHALS 0,83 -0,433 0,331 0,125
SCABETCAN 0,221 0,167 -0,59 -0,128
SCABETSEMI 0,194 0,322 -0,181 -0,158

INTERPSEMI 0,156 -0,089 -0,249 0,3

PMENT . . . .
LAMD 0,126 -0,288 -0,336 0,103
LAMA -0,587 -0,431 0,016 -0,094
MBODY 0,146 -0,026 -0,471 0,137
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Table 5: Classification matrix of Stepwise Discriminant Function Analyses of

morphometry for Anolis chrysolepis species group.

A.tandai  A. brasiliensis  A. chrysolepis  A. planiceps A.scypheus %bcorrect

A. tandai 14 1 6 1 4 54
A. brasiliensis 0 85 0 5 90
A. chrysolepis 6 1 18 0 4 62

A. planiceps 1 7 1 55 9 75
A.scypheus 1 6 4 29 66
Total 22 98 31 64 51 76

Table 6: Stepping Sumary of Stepwise Discriminant Function Analyses of
morphometry for Anolis chrysolepis species group, showing the most important

characters in separating the species, following the order they were sorted.

F(+ent,-rem) Wilks's Lambda Approx. F-ratio p-value
INTERP 39,464 0,623 39,464 0
SNOUT 29,61 0,428 34,343 0
TIBIA 41,105 0,262 37,639 0
EAR 18,024 0,205 33,711 0
MOUTH 13,452 0,169 30,217 0
HEADW 6,81 0,153 26,589 0
ORBDIST 5,391 0,141 23,709 0
MOUTHEAR 4911 0,131 21,708 0
SVL 5,106 0,121 19,959 0
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Table 7: Canonical discriminant functions of Stepwise Discriminant Function
Analyses of morphometry for Anolis chrysolepis species group.
1 2 3 4
SVL 0,818 0,366 0,325 0,944
TIBIA -2,224 -0,037 0,346 -1,373
MOUTH 0,757 -0,51 -0,399 0,888
HEADW 0,312 1,251 -1,215 0,573
HEADALT . . . .
ORBDIST -0,256 -0,944 0,319 -0,154
EAR 0,412 0,004 -0,645 -0,718
NOSTRILS . . . .
MOUTHEAR -0,293 -0,173 -0,416 0,267
SNOUT 0,448 0,701 0,984 -0,778
INTERP 0,55 -0,826 0,037 -0,158
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Table 8: Comparisons of meristic characters, body proportions and measurements

among the species of Anolis chrysolepis group (excluding A. bombiceps).

chrysolepis tandai scypheus planiceps brasiliensis
n. exs. 44 34 37 72 98
max. svl 74 mm 70 mm 80 mm 76 mm 69 mm
midbody 101-156 118-148 110-174 110-149 112-155
123.83+£12.80 134.06 £ 7.43 14594 + 1498 12584 +9.46 129.12 +10.78
slabials 11-15 11-14 9-14 10-14 10-14
ilabials 11-15 11-14 10-13 9-11 8-13
prostrals 4-7 6-9 5-7 4-7 5-7
loreals 5-10 7-9 7-10 6-9 6-10
canthals 6-9 6-10 6-9 6-8 5-8
scales bet 2* canthal 9-14 10-15 9-15 8-14 8-14
scales bet
semicirsorbits -3 -4 - - 03
interp - semicirsorbit 1-5 2-4 2-5 1-3 1-4
pmentals 4-8 4-8 4-7 4-8 4-8
lam-d 12-17 14-18 15-21 14-20 15-20
14.72 +1.16 15.87 £1.03 18.35+1.47 16.61 + 1.52 17.18 £1.02
lam-a 21-26 20-28 26-35 19-34 25-32
22.86 +1.15 24.45+2.09 28.97 + 2.16 28.32 + 2.47 29.29+1.43
tail/svl 1.23-2.17 1.54 -2.17 1.66 -2.53 1.33-3.27 1.22-2.54
mouth/svl 0.18 -0.24 0.19-0.23 0.18-0.24 0.19-0.26 0.18-0.26
interp/head-w 0.10-0.19 0.09-0.23 0.11-0.25 0.16 - 0.32 0.11-0.30
tibia/svl 0.20-0.38 0.30-0.41 0.26-0.38 0.27-0.36 0.26-0.34
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Table 9: Taxon, Identification Number and Locality of specimens sequenced and

downloaded from Genbank.

Taxon ID Number Locality
Anolis tandai MPEG 22285 Itaituba, Para, Brazil
Anolis tandai MPEG 25209 Juruti, Para, Brazil
Anolis tandai LSUMZ 14098 Rio Ituxi, Aazonas, Brazil
Anolis tandai MPEG 25060 Coari, Amazonas, Brazil
Anolis tandai LSUMZ 16398 Rio Solimdes, Amazonas, Brazil
Anolis tandai LSUMZ 16474 Rio Solimdes, Amazonas, Brazil
Anolis tandai LSUMZ 13599 Rio Jurua, Acre, Brazil
Anolis chrysolepis MPEG 26590 Trombetas, Para, Brazil
Anolis chrysolepis MPEG 26568 Faro, Para, Brazil
Anolis chrysolepis MPEG 26563 Acari, Para, Brazil
Anolis chrysolepis BPN780 Suriname
Anolis chrysolepis MPEG 26584 Maicuru, Para, Brazil
Anolis chrysolepis BPN 1587 French Guiana
Anolis chrysolepis BPN 1979 French Guiana
Anolis chrysolepis BPN 1874 French Guiana

Anolis scypheus LSUMZ 12592 Ecuador
Anolis scypheus LSUMZ 12543 Ecuador
Anolis scypheus LSUMZ 12989 Ecuador

Anolis planiceps

LSUMZ 12300

Rio Ajarani, Roraima, Brazil

Anolis planiceps BPN 1080 Guiana

Anolis planiceps BPN 1082 Guiana

Anolis planiceps BPN 228 Guiana

Anolis planiceps BPN 96 Guiana
Anolis brasiliensis CHUNB 45077 Caseara, Tocantins, Brazil
Anolis brasiliensis CHUNB 45075 Minagu, Goias, Brazil
Anolis brasiliensis CHUNB 08842 Paraupebas, Para, Brazil
Anolis brasiliensis CHUNB 43282 Brasilia, Distrito Federal, Brazil
Anolis brasiliensis CHUNB 34542 Novo Progresso, Para, Brazil
Anolis brasiliensis CHUNB 27158 Mateiros, Tocantins, Brazil
Anolis brasiliensis CHUNB 11421 Palmas, Tocantins, Brazil
Anolis brasiliensis CHUNB 37528 Sdo Domingos, Goias, Brazil
Anolis brasiliensis CHUNB 37527 Parani, Tocantins, Brazil
Anolis brasiliensis CHUNB 52471 Peixe, Tocantins, Brazil
Anolis brasiliensis GRC 16378 Alto Paraiso, Goidas, Brazil

Anolis auratus LSMUZ H-13928 Alter do Chéo, Para, Brasil.

Anolis bombiceps KU 222145 Peru, Loreto, NA, 1.5 Km N Teniente Lopez, 310

Agropecuaria Trevisto, LTDA, ca 101 km S, 18 km E,

Anolis ortonii LSUMZ H-12747 Santarem. Para, Brasil
Anolis fuscoauratus LSUMZH 13566 Gen Bank
Anolis meridionalis AY909760 Gen Bank
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Anolis lineatus
Anolis onca
Anolis annectens
Anolis sericeus
Anolis isthmicus
Anolis laeviventris
Anolis sagrei
Anolis utilensis
Anolis grahami
Anolis loveridgei
Anolis uniformis
Anolis crassulus
Anolis carolinensis

AF294287

CIEZAH1156 DQ377357

CIEZAH1160 DQ37734
AY909778
AY909762
AY909756

KdQ1797 AF337778

AY909785
AF055938
AY909759
AY909784
AY909748
NC010972

Gen Bank
Gen Bank
Gen Bank
Gen Bank
Gen Bank
Gen Bank
Gen Bank
Gen Bank
Gen Bank
Gen Bank
Gen Bank
Gen Bank
Gen Bank
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